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Pancreatic ductal adenocarcinoma (PDAC) is a heterogeneous disease, therefore

stratification of patients is essential to predict their responses to therapies and to choose

the best treatment. PDAC-derived organoids were produced from PDTX and Endoscopic

Ultrasound-Guided Fine-Needle Aspiration (EUS-FNA) biopsies. A signature based on

16 genes targets of the c-MYC oncogene was applied to classify samples into two

sub-groups with distinctive phenotypes named MYC-high and MYC-low. The analysis

of 9 PDTXs and the corresponding derived organoids revealed that this signature which

was previously designed from PDTX is transferable to the organoid model. Primary

organoids from 24 PDAC patients were treated with NHWD-870 or JQ1, two inhibitors of

c-MYC transcription. Notably, the comparison of their effect between the two sub-groups

showed that both compounds are more efficient in MYC-high than in MYC-low samples,

being NHWD-870 the more potent treatment. In conclusion, this study shows that

the molecular signatures could be applied to organoids obtained directly from PDAC

patients to predict the treatment response and could help to take the more appropriate

therapeutic decision for each patient in a clinical timeframe.

Keywords: pancreatic cancer, organoids, c-MYC, NHWD-870, JQ1

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is the 12th most commonly occurring cancer in men
and the 11th in women. There were 460,000 new cases in 2018 with approximately the same number
of deaths (1). Unfortunately, during the next decade this disease is projected to reach the second
leading cause in terms of cancer related mortality in the western world (1). Like others malignant
diseases, PDAC results from a complex combination of genetic, epigenetic, and environmental
factors which gives rise to an heterogeneous disease, with patients having different set of symptoms,
predisposition to early metastasis and therapeutic responses (2–4). This heterogeneity highlights
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the necessity to stratify patients with the goal of predicting better
their responses to therapies in order to choose the best treatment
for them (5–7).

One promising approach could be to determine novel therapy
response biomarkers focused on the pathways that are critical for
tumor growth and progression. In this context, the transcription
factor c-MYC drives the expression of up to 1,500 genes involved
in proliferation, cell metabolism, and apoptosis (8–10). Actually,
this oncogene is implicated in the pathogenesis of one-third of
all human malignancies and concerning PDAC etiology, c-MYC
was found amplified in more than 30% of them (11). All of these
features suggest that c-MYC behaves as a cancer driver gene in
PDAC. In consequence, many efforts have been done to identify
strong and specific MYC inhibitors. Key to this effort has been
the discovery of Bromodomain and Extra-Terminal proteins
inhibitors (BETi) which show an efficient inhibition of c-MYC
by reducing its transcription level through BRD2/3/4 inhibition
(12, 13). We recently described, in a cohort of 55 Patient-derived
tumor xenografts (PDTX) from PDAC patients two subgroups of
PDAC patients, named MYC-high and MYC-low (14). Although
no significant differences on the c-MYC expression levels were
found between both subgroups, a set of 16 transcriptional targets
of c-MYC were able to define a molecular signature of its
activity. Approximatively 30% of samples share a dependency
toward c-MYC oncogene activity by overexpressing those genes.
We also demonstrated that the MYC-high subgroup is sensitive
to the canonical bromodomain inhibitor JQ-1 treatment. This
increased sensitivity is mediated by a combination of cell cycle
arrest followed by an increase in apoptosis rate, in several in vivo
and in vitro PDACmodels like PDTX, 2D cell monolayer and 3D
aggregates (14).

Currently, several pre-clinical models are used to test drug
responses, for example, PDTX which recapitulate very well the
genetics and phenotypic events occurring in patient’s tumor.
Furthermore, the tumor-stroma crosstalk and the intra/inter-
tumoral heterogeneity are also maintained in PDTX (15).
However, the time required to generate enough biological
material from PDTX, to test their sensitivity to anticancer
drugs, is not compatible with the survival time of the PDAC
patients since it still takes from 6 to 8 months. Therefore,
another alternative approach could be to use “organoids” directly
derived from patient’s tumors. The organoids represent mini-
avatars that can be 3D cultured in vitro from a wide range
of cancers (e.g., small intestine, colon, kidney, stomach, liver,
and pancreas). Like PDTX, organoids can recapitulate the
combination of genetic events that occur in the patient’s tumor.
Organoids, contrary to PDTX, need only 2 or 3 weeks to
produce enough material. This fact highlights the advantage to
use this type of model in order to give accurate and rapid tumor
pharmacotyping data.

In the present study, PDAC-derived organoids were produced
from PDTX, on one hand, and directly from EUS-FNA biopsy,
on the other hand. We showed that the 16-genes MYC targets
related signature previously designed from PDTX is accurately
transferable to organoids using the Nanostring custom codeset
technology. And thus, it allows a rapid selection of MYC-
high organoids for BETi treatments. Indeed, the MYC-high and

MYC-low organoids samples were treated with the classical JQ-1
and with a novel BETi (NHWD-870) and as expected, MYC-
high organoids are more sensitive to these treatments thanMYC-
low organoids.

MATERIALS AND METHODS

PDTX and Organoids Samples
Patients were included under the Paoli Calmettes Institute
clinical trial NCT01692873 (https://clinicaltrials.gov/show/
NCT01692873). Consent’s forms of informed patients were
collected and registered in a central database. Two types of
samples were obtained, namely Endoscopic Ultrasound-Guided
Fine-Needle Aspiration (EUS-FNA) biopsies from patients
with unresecable tumors, and tumor tissues from patients
undergoing surgery (16). The percentage of EUS-FNA samples
that we successfully culture as organoid is around 85%. PDAC
samples were mixed with 100 µl of Matrigel (BD Biosciences)
and implanted with a trocar (10 Gauge, Innovative Research
of America, Sarasota, FL) in the subcutaneous right upper
flank of an anesthetized and disinfected mouse. When tumors
reached 1 cm3, mice were sacrificed and tumors were removed.
All protocols in mice were carried out in accordance with the
nationally approved guidelines for the treatment of laboratory
animals. All procedures on animals were approved by the Comité
d’éthique de Marseille numéro 14 (C2EA -14).

To obtain organoids from PDTX, xenografts were splited
into several small pieces and processed in a biosafety chamber
and after a fine mincing, they were treated with the Tumor
Dissociation Kit (Miltenyi biotec). Undigested pellets were
digested with accutase (Sigma) at 37◦C for 30min. The pancreatic
tissue slurry was transferred into a tissue strainer 100µm
and were placed into 12-well plate coated with 150 µl GFR
matrigel (Corning). The samples cultured with Pancreatic
Organoid Feeding Media (POFM) consisted of Advanced
DMEM/F12 supplemented with 10mM HEPES (Thermo-
Fisher); 1x Glutamax (Thermo-Fisher); penicillin/streptomycin
(Thermo-Fisher); 100 ng/ml Animal-Free Recombinant Human
FGF10 (Peprotech); 50 ng/ml Animal-Free Recombinant Human
EGF (Peprotech); 100 ng/ml Recombinant Human Noggin
(Biotechne); Wnt3a-conditioned medium (30% v/v); RSPO1-
conditioned medium (10% v/v); 10 nM human Gastrin 1 (Sigma
Aldrich) 10mM Nicotinamide (Sigma Aldrich); 1.25mM N
acetylcysteine (SigmaAldrich); 1x B27 (Invitrogen); 500 nMA83-
01 (Tocris); 10.5µMY27632 (Tocris). The plates were incubated
at 37 ◦C in a 5% CO2 incubator, and the media were changed
every 3 or 4 days.

Finally, primary PDAC-derived organoids were obtained from
patients with unresecable tumors by EUS-FNA. Biopsy was
digested rapidly with Dissociation Kit at 37◦C for 5min and
was incubated with Red Blood Cell Lysis Buffer (Roche) and
washed 2 times with PBS. The samples were then cultured as
described above.

Immunohistochemistry
Organoids and PDTX were Hematoxilin and Eosin stained.
Immunoflourescence staining with COL-IV and ZO-1 antibodies
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TABLE 1 | Sixteen genes used for determine the MYC signature and 4 genes

used as housekeeping reference.

MYC signature

Gene name Accession number NanoString probe ID

BCL2L15 NM_001010922.2 NM_001010922.2:3363

CAD NM_004341.3 NM_004341.3:2380

CCT4 NM_006430.3 NM_006430.3:1191

CDC20 NM_001255.2 NM_001255.2:430

CTSE NM_001910.2 NM_001910.2:2070

ERN2 NM_033266.3 NM_033266.3:1132

KPNA2 NM_002266.2 NM_002266.2:917

MAD2L1 NM_002358.3 NM_002358.3:668

MCM2 NM_004526.3 NM_004526.3:1296

PLK1 NM_005030.3 NM_005030.3:535

RAB25 NM_020387.3 NM_020387.3:668

RFC4 NM_181573.2 NM_181573.2:1035

RUVBL2 NM_006666.1 NM_006666.1:369

SRM NM_003132.2 NM_003132.2:512

TXNIP NM_006472.3 NM_006472.3:2626

VSIG2 NM_014312.3 NM_014312.3:797

HOUSEKEEPING GENES

SDHA NM_004168.4 NM_004168.1:230

CLTC NM_004859.3 NM_004859.2:290

TBP NM_003194.5 NM_001172085.1:587

GUSB NM_000181.4 NM_000181.3:1899

RPL19 NM_000981.4 NM_000981.3:315

was performed using the anti-Collagen IV rabbit polyclonal
(Abcam ref ab6586) and the anti-ZO1 tight junction protein
monoclonal antibody (ThermoFisher ref Z01-1A12) antibodies
following standard methods.

Gene Expression Quantification and MYC
Signature Scoring
Sixteen genes were selected known to be over-expressed
(CAD, CCT4, CDC20, KPNA2, MAD2L1, MCM2, PLK1, RFC4,
RUVBL2, and SRM) or under-expressed (BCL2L15, CTSE,
ERN2, RAB25, TXNIP, and VSIG2) by MYC as the MYC
signature already defined by our group (14). Probe sets for each
gene were designed and synthesized by NanoString technologies
(Table 1). Probe sets of 100 bp in length were designed to
hybridize specifically to eachmRNA target. Probes contained one
capture probe linked to biotin and one reporter probe attached
to a color-coded molecular tag, according to the Nanostring
code-set design. We used 100 ng of total RNA isolated from
each organoid as suggested by the manufacturer. Technical
replicates of samples were included. Data were analyzed using the
nCounterTM digital analyzer software, available at http://www.
nanostring.com/support/ncounter/.

Heatmaps were generated by hierarchical clustering
analysis on GENE-E software (version 3.0.204; Broad
Institute, Cambridge, MA, USA). Sixteen differentially

expressed genes between the MYC-high and MYC-low clusters
were represented.

In order to calculate the MYC signature scoring, 24
consecutive PDAC samples directly from EUS-FNA biopsies
were obtained and cultivated them for 2–3 weeks as organoids
before RNA extraction. RNAs were analyzed by the Nanostring
codeset with the 16 MYC-associated transcripts. Data was
analyzed as previously described (14). Briefly, when a transcript
was over-expressed as expected in MYC-high samples, the
up/down ratio should be >1. Conversely, in samples from
patients with a MYC-low activity this ratio should correspond to
<1. Normalization was calculated as follows: first, the sum of the
expression values of all patients of each up-regulated gene (e.g.,
for gene a: P1a + P2a + P3a + ... P24a) was given the arbitrary
value of 100. In the same way, the expression of down-regulated
genes was normalized (e.g., for gene A: P1A + P2A + P3A + ...
P24A = 100). After that normalization, for each patient the ratio
between each up-regulated and down-regulated transcript was
calculated as follows: a/A, a/B, a/C, a/N; b/A, b/B, b/C, b/N, etc.
When the median of these ratios were over 1, the PDAC samples
were considered asMYC-high, whereas when themedianwas<1,
the sample was assigned to the MYC-low profile.

Chemograms
Organoids were screened for chemosensitivity to two BETi:
JQ1 (12) and NHWD-870 (gift from Ningbo Wenda Pharma
Technology LTD, Zhejiang, China). Twenty four primary
organoids were treated for 72 h with increasing concentrations
of BETi drugs ranging from 0 to 100µM. Each experiment
was performed in triplicate and repeated at least two times.
Cell viability was estimated after addition of the PrestoBlue
cell viability reagent (Life Technologies) for 3 h following the
protocol provided by the supplier.

Statistical Analysis
The IC50 and AUC values were calculated from a log (drug)
vs. normalized response curve with robust fit using GraphPad
Prism software v5.0 (GraphPad Software). Data for cell viability
assays were analyzed using one-way repeated analysis of variance
(ANOVA) with Dunnett post-hoc test for multiple comparisons.
A p-value < 0.05 is considered significative.

RESULTS

Phenotype Characterization and
Comparison Between PDAC-Derived PDTX
and Organoids Models
We first studied the maintenance of the phenotype of organoids
when conserved in culture. With this aim, we derived organoids
from PDTX obtained from PDAC tumors and compared the
phenotype of both models by morphologic and transcriptomic
criteria. First, we analyzed the expression levels of the 16-genes
that we had previously defined by microarray assay as being
associated to the MYC signature (14). In the current study,
instead of a transcriptomic approach we performed a Nanostring
codeset on those genes for 9 PDTX and their corresponding
derived organoids. The expression of each gene was averaged
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FIGURE 1 | Nanostring code set for PDAC MYC-high and MYC-low subgroups assignment in 9 patients with PDTX and their corresponding organoids. (A,B)

Pearson correlation analysis of the 16-genes signature between PDTX and organoids. The expression of each gene was averaged in log2 counts scale within each

sub-group in each model (MYC-high samples in (A) (red dots) and MYC-low samples in (B) (blue dots). (C) Principal Component Analysis (PCA) using the 16

Nanostring codeset (red dots: MYC-high organoids; green dots: MYC-high PDTX; blue dots: MYC-low organoids; and purple dots: MYC-low PDTX). (D) Heatmap

showing the expression of the 16-genes signature along 6 MYC-low and 3 MYC-high patients. Blue scale indicates under-expressed genes and yellow scale

up-regulated genes. -o, organoids; -p, PDTX.

in log2 counts scale and it allowed us to classify samples into
the two sub-groups named MYC-high (n = 3) and MYC-low
(n = 6). Figures 1A,B present the Pearson correlation analysis
of the 16-genes signature between PDTX and their organoids.
Using these data we also performed a Principal Component
Analysis (PCA). Figure 1C represents the distribution of the
RNA expression profiles of MYC-high organoids (red dots)
and PDTX (green dots), and MYC-low organoids (blue dots)
and PDTX (purple dots). This analysis shows that the distance
between each dot is related to the similarity between observations
in high-dimensional space. From these data we may assume
that expression of the genes associated to the MYC-signature is
strongly conserved between PDTX and their derived organoids.
Finally, we represented the transcriptome of the 16 MYC-
associated genes on a heatmap presented in Figure 1D. We
can observe, on one hand, that MYC-high and MYC-low
phenotypes are clearly separated and, on the other hand,
that PDTX and organoids are generally associated with only
few exceptions.

Then, we analyzed the correlation between the gene
expression profile and the morphology. Figures 2A,B show
representative pictures of PDTX and organoids from MYC-
high and MYC-low phenotype, respectively. MYC-high PDTX
phenotype shows few glandular structures, it is poorly colonized
by stroma and shows a high nucleocytoplasmic ratio; whereas
the MYC-low PDTX subgroup presents glandular structures
with a columnar epithelium and abundant lumen. Organoids
derived from MYC-high PDTX grown as a compact structure
with no signs of cellular differentiation and polarization and with
scarce or in some cases absence of lumen. On the contrary, the
cells of the organoids derived from MYC-low PDTX are well-
polarized to form glandular structures and these glands show
the presence of abundant lumen. Altogether, these data indicate

that phenotype and transcriptome of the MYC-associated genes
in organoids derived from PDTX are well-conserved suggesting
that organoids could be a putative source of RNA for detecting
PDAC sensitives to the chemotherapies.

MYC Signature Scoring Primary Organoids
From 24 PDAC Patients
We obtained 24 consecutive PDAC samples directly from EUS-
FNA biopsies and cultivated them for 2–3 weeks as organoids
before RNA extraction. These RNAs were analyzed by the
Nanostring codeset with the 16 MYC-associated transcripts.
After score calculation, we were able to classify the 24
samples into 11 putative MYC-high (45.8%) and 13 putative
MYC-low (54.2%) according to their signature scores, as
presented in Figure 3. We also performed the analysis of
the score of our signature on already published data sets.
When calculating this score for the ICGC cohort (dcc.icgc.org,
release 20) (N = 269), which transcriptome was obtained by
microarray, the percentages MYC-high and MYC-low were
49.1 and 50.9%, respectively. In the RNA-Seq TCGA cohort
(gdac.broadinstitute.org) (N = 150) 44.3% of patients were
classified as MYC-low, whereas 55.7% as MYC-high.

Effect of BETi Treatment on MYC-High and
MYC-Low Organoids
PDAC-derived organoids were treated with increasing doses of
two different BET proteins inhibitors named JQ-1 and NHWD-
870 to verify that the MYC signature obtained directly on
organoids from patients was able to predict their sensitivity.
Figures 4A,C show the dose response curves of these organoids
for JQ-1 or NHWD-870 compounds, respectively. Figures 4B,D
represent the area under the curve (AUC) corresponding to each
organoid of JQ-1 and NHWD-870, respectively. The AUC for
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FIGURE 2 | Characterization of PDAC-derived PDTX and organoids models.

Characterization of the macrostructures in MYC-high and MYC-low subgroups

by H&E and immunofluorescence staining. (A) MYC-high PDTX and organoids

H&E staining (top-left and middle-left, respectively) show no gland structures.

The corresponding organoids are organized as a full structure reminding

cellular 3D aggregates with low polarization. (B) MYC-low subgroup is

characterized by well-organized gland structures (upper-left) with columnar

epithelium. Organoids show a majority of regular cystic structures composed

by an apical and basolateral compartment. ZO-1, marker for apical

membrane, is in green and COL-IV, marker for base membrane, is in red.

Scale bar is 50µm.

the treatment with JQ-1 of MYC-high (n = 11) is 826.4 ± 43.6
whereas for MYC-low (n = 13) is 886.6 ± 35.8 (p = 0.0026).
Similarly, the AUC for the NHWD-870 treatment of MYC-high
is 737.6 ± 51.1 and 806.2 ± 36.7 for MYC-low (p = 0.0026).
Importantly, the AUCs of organoids treated with NHWD-870 are
significantly lower compared to JQ-1 indicating that NHWD-870
is a most potent BETi compound. In Figure 4E it is showed the
correlation between total AUC for JQ-1 in y-axis and NHWD-
870 in x-axis. On one hand, we observe a significant correlation
in the responses to both compounds (p < 0.0001) and, on the
other hand, that the AUCs for the MYC-high organoids are
significantly lower than MYC-low organoids.

DISCUSSION

In this work we demonstrated that PDAC-derived organoids
conserve the structure of the deriving tissue, at least in terms
of morphology and the expression levels of the genes involved
in the MYC signature (14). This suggests that these tissues
could be used as a source of biological material for selecting

FIGURE 3 | MYC signature scoring 24 primary PDAC-derived organoids. As

described in M&M section, when a transcript was activated as expected in

MYC-high samples, the up/down ratio should be >1. Conversely, in samples

from patients with a MYC-low activity it is predicted a ratio <1. After

normalization of all 16 transcripts, we considered that organoids

corresponded to a MYC-high profile when the median of these ratios was over

1 and to a MYC-low profile when the median was <1.

a more adapted treatment for each patient with PDAC. In
a previous study, we proposed a strategy for rapid selection
of personalized treatments for PDAC patients which consisted
in defining their sensitivity by transcriptomic characterization
rather than pharmacological tests (16, 17). In fact, using PDTX
for prediction of the response to the treatment is a good approach
(18). However, it is incompatible, or at least not systematically
applicable, due to the short time of survival expected for patients
with a PDAC. The best way to obtain a transcriptome profile
would be directly from EUS-FNA that can be taken from non-
resecable and metastasic tumors, it has still big limitations.
In one hand, the contamination with blood and stroma cells
make impossible to assign an adequate pathology report by bulk
sequencing. Moreover, although this material is less exposed to
digestion by RNAses than normal pancreatic tissue, degradation
remains very high to analyze RNA of quality (19). Therefore,
PDAC-derived organoids are in vitro tumormodels, derived from
surgical or EUS-FNA specimens, that serves as source of pure and
high-quality material. In this way, they could be used not only
as a tool for defining molecular signature but also to personalize
treatments in a clinical timeframe. Creation of human PDAC
organoids at the time of initial tumor diagnosis is therefore
critical. Our aim was to assess the feasibility of creating a human
PDAC organoids cohort obtained by EUS-FNA sampling in
patients with non-operable PDAC. Some recent works focuses
on organoids as a tool to analysis the drug screening toward
personalized medicine in PDAC (20–22).

In this paper we demonstrated, as a proof of concept, that the
use of PDAC-derived organoids from EUS-FNA specimens is a
promising strategy to obtain clean transformed material and can
help to take the better decision for a particular patient. However,
contrary to the previously published strategies which tried to
perform chemograms on these organoids to define the sensitivity

Frontiers in Oncology | www.frontiersin.org 5 June 2019 | Volume 9 | Article 475

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Bian et al. BETi in MYC-High PDAC

FIGURE 4 | Chemograms on MYC-high and MYC-low organoids upon BETi treatments. Dose-response curves (chemograms) and total Area Under the Curve (AUC)

distribution for JQ-1 (A,B) and NHWD-870 (C,D). (E) Correlation between total AUC for JQ-1 (y-axis) and NHWD-870 (x-axis). The red curves and dots represent

MYC-high and blue curves and dots represent MYC-low organoids. Drugs concentrations were Log-transformed µmol/l. n = 24 in each case.

to a given drug, our approach consists in the analysis of the
phenotype by selecting a set of RNAs associated to the sensitivity
to one drug applying a transcriptional signature. In this way, gene
expression could be used for testing signatures for different drugs
from the same dataset, reducing the necessary starting material.
In this study, we demonstrated that using our already stablished
signature (14) we were able to classify tumors with high MYC
activity and therefore predicted to be more sensitive to BETi in
a short time such as 2–3 weeks after obtaining the samples from
the patients.

Interestingly, organoids defined as high MYC activity present
a different phenotype from that with low MYC activity, the
last being characterized by a most differentiated morphology as
presented in Figure 2. This is in agreement with our previous
data showing that PDTX with high MYC activity present a basal
rather than a classical phenotype (14). These results may be
indicating that MYC activity could be essential in establishing the
PDAC phenotypes.

In PDAC, epigenetic landscape is intensely studied for
therapeutic drug discovery, showing great promise as recently
reported (23). JQ1 has proven to be a first-in-class, drug-like
inhibitor of the “Bromodomain and Extraterminal Domain”
epigenetic readers (BETs), which recognize histone lysine
acetylation marks. JQ1 has facilitated the mechanistic study
and therapeutic application in cancer of this kind of epigenetic
inhibition. For example, it has been already shown its tumor
growth suppression capacity in PDAC patient-derived xenograft

models (24). This drug down-regulates the MYC transcriptional
program since BET activity is necessary for its transcriptional
function (25). However, drugs with the same therapeutic targets
can have different toxicity and pharmacological results because
of their on-target and off-target toxicities and pharmacokinetics,
resulting in different clinical applications. Therefore, new BETi
with different chemotypes are being studied in order to exploit
the whole therapeutic potential of the BET inhibition. NHWD-
870 is a novel, potent and selective BET family bromodomain
inhibitor that only binds to bromodomains of BRD2/3/4/T.
NHWD-870 is a carboline derivate compound that has a
powerful tumor suppressive efficiency in xenograft mouse
models of small cell lung cancer, triple negative breast cancer
and ovarian cancer (26). Moreover, a recent article has provided
as proof-of-concept the combination of NHWD-870 with agents
targeting the IGF1R pathway for treating advanced Ewing
sarcoma (27).These results support its further development for
diverse solid tumor indications in clinic including PDAC. We
selected these compounds to compare their activity in bothMYC-
high and MYC-low organoids and found that both compounds
are more efficient in MYC-high than in MYC-low and that
NHWD-870 is more potent than JQ1 (Figure 4).

In conclusion, in this work we have demonstrated that
using organoids obtained directly from PDAC patients could
be used to predict the response to chemotherapy and help
to decide for the more appropriate therapeutic decision for
each patient.

Frontiers in Oncology | www.frontiersin.org 6 June 2019 | Volume 9 | Article 475

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Bian et al. BETi in MYC-High PDAC

DATA AVAILABILITY

Publicly available datasets were analyzed in this study. This
data can be found here: http://gdac.broadinstitute.org/;
https://dcc.icgc.org/

ETHICS STATEMENT

This study was carried out under the protocol ID RCB:
2011-A01439-32, Comité de Protection des Personnes Sud-
Méditerranée I and tha Paoli Calmettes Institute clinical trial
NCT01692873 (https://clinicaltrials.gov/show/NCT01692873).
All subjects gave written informed consent in accordance with
the Declaration of Helsinki.

All protocols in mice were carried out in accordance with the
nationally approved guidelines for the treatment of laboratory

animals. All procedures on animals were approved by the Comité

d’éthique de Marseille numéro 14 (C2EA -14).

AUTHOR CONTRIBUTIONS

BB, OG, MB, NB, and JR performed the experiments. BB,
JC, ND, and JI participated in the experimental design. NW
provided material. BB, NJ, ND, and JI conceived, wrote
the manuscript. JC, NJ, ND, and JI participated in the
paper discussion.

FUNDING

This work was supported by La Ligue Contre le Cancer,
Fondation de France, INCa, Canceropole PACA, SATT sud-est,
and INSERM. Fondation de France supported BB.

REFERENCES

1. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian

LM. Projecting cancer incidence and deaths to 2030: the unexpected burden

of thyroid, liver, and pancreas cancers in the United States. Cancer Res. (2014)

74:2913–21. doi: 10.1158/0008-5472.CAN-14-0155

2. Yachida S, Iacobuzio-Donahue CA. Evolution and dynamics of pancreatic

cancer progression. Oncogene. (2013) 32:5253–60. doi: 10.1038/onc.

2013.29

3. Dunne RF, Hezel AF. Genetics and biology of pancreatic ductal

adenocarcinoma. Hematol Oncol Clin North Am. (2015) 29:595–608.

doi: 10.1016/j.hoc.2015.04.003

4. Waddell N, Pajic M, Patch AM, Chang DK, Kassahn KS, Bailey P, et al. Whole

genomes redefine the mutational landscape of pancreatic cancer. Nature.

(2015) 518:495–501. doi: 10.1038/nature14169

5. Heller A, Gaida MM, Mannle D, Giese T, Scarpa A, Neoptolemos JP,

et al. Stratification of pancreatic tissue samples for molecular studies:

RNA-based cellular annotation procedure. Pancreatology. (2015) 15:423–31.

doi: 10.1016/j.pan.2015.05.480

6. Koay EJ, Amer AM, Baio FE, Ondari AO, Fleming JB. Toward stratification of

patients with pancreatic cancer: past lessons from traditional approaches and

future applications with physical biomarkers. Cancer Lett. (2016) 381:237–43.

doi: 10.1016/j.canlet.2015.12.006

7. Noll EM, Eisen C, Stenzinger A, Espinet E, Muckenhuber A, Klein C,

et al. CYP3A5 mediates basal and acquired therapy resistance in different

subtypes of pancreatic ductal adenocarcinoma. Nat Med. (2016) 22:278–87.

doi: 10.1038/nm.4038

8. Dang CV, Resar LM, Emison E, Kim S, Li Q, Prescott JE, et al. Function of

the c-Myc oncogenic transcription factor. Exp Cell Res. (1999) 253:63–77.

doi: 10.1006/excr.1999.4686

9. Prendergast GC. Mechanisms of apoptosis by c-Myc. Oncogene. (1999)

18:2967–87. doi: 10.1038/sj.onc.1202727

10. Schmidt EV. The role of c-myc in cellular growth control. Oncogene. (1999)

18:2988–96. doi: 10.1038/sj.onc.1202751

11. Schleger C, Verbeke C, Hildenbrand R, Zentgraf H, Bleyl U. c-MYC

activation in primary and metastatic ductal adenocarcinoma of the pancreas:

incidence, mechanisms, and clinical significance.Mod Pathol. (2002) 15:462–

9. doi: 10.1038/modpathol.3880547

12. Delmore JE, Issa GC, Lemieux ME, Rahl PB, Shi J, Jacobs HM,

et al. BET bromodomain inhibition as a therapeutic strategy to

target c-Myc. Cell. (2011) 146:904–17. doi: 10.1016/j.cell.2011.

08.017

13. Kandela I, Jin HY, Owen K, Reproducibility project: cancer B.

Registered report: BET bromodomain inhibition as a therapeutic

strategy to target c-Myc. eLife. (2015) 4:e07072. doi: 10.7554/eLife.

07072

14. Bian B, Bigonnet M, Gayet O, Loncle C, Maignan A, Gilabert M, et al.

Gene expression profiling of patient-derived pancreatic cancer xenografts

predicts sensitivity to the BET bromodomain inhibitor JQ1: implications

for individualized medicine efforts. EMBO Mol Med. (2017) 9:482–97.

doi: 10.15252/emmm.201606975

15. Nicolle R, Blum Y, Marisa L, Loncle C, Gayet O, Moutardier V, et al.

Pancreatic adenocarcinoma therapeutic targets revealed by tumor-stroma

cross-talk analyses in patient-derived xenografts. Cell Rep. (2017) 21:2458–70.

doi: 10.1016/j.celrep.2017.11.003

16. Duconseil P, Gilabert M, Gayet O, Loncle C, Moutardier V, Turrini

O, et al. Transcriptomic analysis predicts survival and sensitivity

to anticancer drugs of patients with a pancreatic adenocarcinoma.

Am J Pathol. (2015) 185:1022–32. doi: 10.1016/j.ajpath.2014.

11.029

17. Iovanna J, Dusetti N. Speeding towards individualized treatment for

pancreatic cancer by taking an alternative road. Cancer Lett. (2017) 410:63–7.

doi: 10.1016/j.canlet.2017.09.016

18. Hidalgo M, Amant F, Biankin AV, Budinska E, Byrne AT, Caldas

C, et al. Patient-derived xenograft models: an emerging platform

for translational cancer research. Cancer Discov. (2014) 4:998–1013.

doi: 10.1158/2159-8290.CD-14-0001

19. Bournet B, Gayral M, Torrisani J, Selves J, Cordelier P, Buscail L.

Role of endoscopic ultrasound in the molecular diagnosis of pancreatic

cancer. World J Gastroenterol. (2014) 20:10758–68. doi: 10.3748/wjg.v20.i31.

10758

20. Moreira L, Bakir B, Chatterji P, Dantes Z, Reichert M, Rustgi AK.

Pancreas 3D organoids: current and future aspects as a research

platform for personalized medicine in pancreatic cancer. Cell Mol

Gastroenterol Hepatol. (2018) 5:289–98. doi: 10.1016/j.jcmgh.2017.

12.004

21. Aberle MR, Burkhart RA, Tiriac H, Olde Damink SWM, Dejong CHC,

Tuveson DA, et al. Patient-derived organoid models help define personalized

management of gastrointestinal cancer. Br J Surg. (2018) 105:e48–60.

doi: 10.1002/bjs.10726

22. Tiriac H, Belleau P, Engle DD, Plenker D, Deschenes A, Somerville

TDD, et al. Organoid profiling identifies common responders to

chemotherapy in pancreatic cancer. Cancer Discov. (2018) 8:1112–29.

doi: 10.1158/2159-8290.CD-18-0349

23. Lomberk G, Blum Y, Nicolle R, Nair A, Gaonkar KS, Marisa L, et al.

Distinct epigenetic landscapes underlie the pathobiology of pancreatic

cancer subtypes. Nat Commun. (2018) 9:1978. doi: 10.1038/s41467-01

8-04383-6

Frontiers in Oncology | www.frontiersin.org 7 June 2019 | Volume 9 | Article 475

http://gdac.broadinstitute.org/
https://dcc.icgc.org/
https://clinicaltrials.gov/show/NCT01692873
https://doi.org/10.1158/0008-5472.CAN-14-0155
https://doi.org/10.1038/onc.2013.29
https://doi.org/10.1016/j.hoc.2015.04.003
https://doi.org/10.1038/nature14169
https://doi.org/10.1016/j.pan.2015.05.480
https://doi.org/10.1016/j.canlet.2015.12.006
https://doi.org/10.1038/nm.4038
https://doi.org/10.1006/excr.1999.4686
https://doi.org/10.1038/sj.onc.1202727
https://doi.org/10.1038/sj.onc.1202751
https://doi.org/10.1038/modpathol.3880547
https://doi.org/10.1016/j.cell.2011.08.017
https://doi.org/10.7554/eLife.07072
https://doi.org/10.15252/emmm.201606975
https://doi.org/10.1016/j.celrep.2017.11.003
https://doi.org/10.1016/j.ajpath.2014.11.029
https://doi.org/10.1016/j.canlet.2017.09.016
https://doi.org/10.1158/2159-8290.CD-14-0001
https://doi.org/10.3748/wjg.v20.i31.10758
https://doi.org/10.1016/j.jcmgh.2017.12.004
https://doi.org/10.1002/bjs.10726
https://doi.org/10.1158/2159-8290.CD-18-0349
https://doi.org/10.1038/s41467-018-04383-6
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Bian et al. BETi in MYC-High PDAC

24. Garcia PL, Miller AL, Kreitzburg KM, Council LN, Gamblin TL, Christein JD,

et al. The BET bromodomain inhibitor JQ1 suppresses growth of pancreatic

ductal adenocarcinoma in patient-derived xenograft models. Oncogene.

(2016) 35:833–45. doi: 10.1038/onc.2015.126

25. Qi J. Bromodomain and extraterminal domain inhibitors (BETi) for cancer

therapy: chemical modulation of chromatin structure. Cold Spring Harb

Perspect Biol. (2014) 6:a018663. doi: 10.1101/cshperspect.a018663

26. Yin MZ, Wang NH, Yan Q. A novel BET family bromodomain inhibitor

NHWD-870 represents a promising therapeutic agent for a broad spectrum

of cancers. FASEB J. (2017) 31. doi: 10.1158/1538-7445.AM2017-1382

27. Loganathan SN, Tang N, Holler AE, Wang N, Wang J. Targeting

the IGF1R/PI3K/AKT pathway sensitizes ewing sarcoma to BET

bromodomain inhibitors. Mol Cancer Ther. (2019) 18:929–36.

doi: 10.1158/1535-7163.MCT-18-1151

Conflict of Interest Statement: NW was employed by company Ningbo Wenda

Pharma Technology Ltd., Zhejiang, China.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2019 Bian, Juiz, Gayet, Bigonnet, Brandone, Roques, Cros, Wang,

Dusetti and Iovanna. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 8 June 2019 | Volume 9 | Article 475

https://doi.org/10.1038/onc.2015.126
https://doi.org/10.1101/cshperspect.a018663
https://doi.org/10.1158/1538-7445.AM2017-1382
https://doi.org/10.1158/1535-7163.MCT-18-1151
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Pancreatic Cancer Organoids for Determining Sensitivity to Bromodomain and Extra-Terminal Inhibitors (BETi)
	Introduction
	Materials and Methods
	PDTX and Organoids Samples
	Immunohistochemistry
	Gene Expression Quantification and MYC Signature Scoring
	Chemograms
	Statistical Analysis

	Results
	Phenotype Characterization and Comparison Between PDAC-Derived PDTX and Organoids Models
	MYC Signature Scoring Primary Organoids From 24 PDAC Patients
	Effect of BETi Treatment on MYC-High and MYC-Low Organoids

	Discussion
	Data Availability
	Ethics Statement
	Author Contributions
	Funding
	References


