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Abstract
In this study we produced 3D organ-

otypic cultures and spheroids to mimic the
complex microenvironment of pancreatic
cancer and to test alternative therapeutic
strategies.

Introduction
Pancreatic Ductal Adenocarcinoma

(PDAC) is a highly lethal disease with an
extremely poor diagnosis and prognosis.1
Its aggressiveness is driven by an intense
fibrotic desmoplastic reaction in which the
increasingly collagen I-rich extracellular
matrix (ECM) and several cell types,
including Cancer Stem Cells (CSCs), can-
cer-associated fibroblasts (CAFs) and
immune cells create a tumour-supportive
environment.2 Gemcitabine (GEM) is used
as the gold standard drug in PDAC treat-
ment.3 However, due to its poor efficacy, it
remains urgent to identify novel strategies
to overcome resistance issues. In this con-
text, the development of in vitromodels that
recapitulate the in vivo heterogeneity of the
PDAC may be more successful in predict-
ing the efficacy of novel anticancer drugs.4

Materials and Methods
We used three-dimensional (3D) pan-

creatic cancer models, in particular organ-
otypic cultures grown on an extracellular
matrix composed of Matrigel or collagen I
to test the effect of the new potential thera-
peutic prodrug 4-(N)-stearoyl-GEM, called
C18GEM. We analysed C18GEM cytotoxic
activity and cell inhibition mechanisms
induced by the drug on Panc1 cells and the

derived CSCs. In a different approach, we
generated highly stable 3D tumour
spheroids using MiaPaCa2 cell line by com-
paring different culture methods. We char-
acterized the growth of MiaPaCa2
spheroids through morphometric analysis
(dimension and aspect ratio), live/dead
assay and we designed their molecular fea-
tures through qPCR analysis of prolifera-
tion, mesenchymal and cancer stem cell-
related genes.

Results
We demonstrated that C18GEM is more

effective than the standard treatment with
GEM on Panc1 cells and even more on
CSCs when cultured in both two-dimen-
sional (2D) and 3D conditions (Figure 1),
especially on collagen I. Furthermore,
C18GEM induced an increase in cell death
and stimulated protective autophagy in
Panc1 and CSCs cultured on 3D
conditions.5

In addition, we produced MiaPaCa-2
pancreatic tumour spheroids that show a
critical volume, can be easily manipulated
and maintain a vital activity (Figure 2) and
gene expression patterns for many days.5

Discussion and Conclusions 
The main features of PDAC are a dense

desmoplastic/stromal reaction and a great
tumour heterogeneity that contribute to the
poor outcome and resistance to therapy. In
recent years, significant advances allow the
application of 3D-platforms suitable for
studying the tumour microenvironment by
using tumour cells and scaffolds or matrix,
and for identifying effective anti-cancer
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Figure 1. Cell viability analysis of Panc1 cells and CSCs treated with GEM or C12-GEM
or C18-GEM for 7 days in Matrigel- and Collagen I-rich extracellular matrix. Values are
the means of three independent experiments. Statistical legend: *GEM versus C12GEM
or C18GEM and C12GEM versus C18 GEM; + refers to growth on collagen I versus
Matrigel for each drug; † CSCs versus parental (P) cells in the two ECMs for each treat-
ment. Adapted from Forciniti et al.5
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drugs under in vivo-like conditions.
However, neither important advancements
nor new therapeutic strategies have signifi-
cantly impacted patient survival and prog-
nosis, highlighting the need to develop in
vitro 3D patient-derived cancer models that
allow a personalized drug screening. We
propose 3D pancreatic cancer models,

organotypic cultures and spheroids, that
may be used as in vitro systems for effective
anticancer drug screening. Therefore, the
3D in vitro systems presented here, can be
used as predictive models of patients’
response to treatments directing towards the
precision medicine in the field of PDAC
research.
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Figure 2. Live/dead assay on spheroids grown with hanging drop. Representative CLSM
images of hanging drop-based spheroids without MC (A,B) and with MC (C,D external
regions; E,F internal regions) stained for live (calcein AM; 3 μM solution; in green) and
dead (propidium iodide; 10 μM solution; in red) cells after 14 days. Bars = 100 µm.
Adapted from Cavo et al.6
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