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Organoids represent a 3-dimensional, simplistic representation
of an in vivo organ that is replicated in in vitro conditions. An
organoid simulates the microanatomy of the organ and even
retains some of the functional abilities of the organ. Organoids
are generated by inducing pluripotent stem cell populations to
differentiate intomultiple organ-specific cell types, which in turn
are conditioned to form organized tissues that model in vivo
organs [1]. Organoid culture systems have been developed to
form tissue structures from all three primary cell lineages.
Organoids are grown in the presence of 3D cell culture media
that is made using the extracellular matrix hydrogel Matrigel,
which is a laminin-rich extracellular matrix that contains specific
growth factors that mimic in vivo signaling. Organoid cultures
have been described for a variety of tissues, including kidney,
liver, pancreas, prostate, lung, brain and optic cup [2]. Organoid-
based studies allow the exploration of disease pathology in the
context of an entire tissue rather than in a few individual cells, as
is the case in typical in vitro cell culture studies. Organoids are
an ideal tool for examining the etiopathogenesis of a disease
entity and for formulating therapeutic strategies [3]. A major
problem in current therapeutic research is the inability to

successfully translate in vitro cell culture and in vivo animal
model-based therapeutic success to the success of human trials.
The reason for this failure stems from the limitations of in vitro
cell culture, which is unable to closely model the disease micro-
environment. Although animal models can replicate the disease
microenvironment, the species-specific genetic profile presents
a major hurdle to the translation of these data to human trials.
Thus, the use of organoids obtained from human stem cells
could overcome the limitations of both the animal models and
in vitro cell culture. In addition, from an ethical standpoint, in
vitro-based organoid systems have greater acceptance than ani-
mal models. In the development of cancer therapeutics, apart
from assessing the efficacy, optimal dosage, potential cytotoxic-
ity, and drug interactions, the molecular basis of therapeutic
resistance can be examined by comparing the mutational pro-
files of treatment-sensitive and treatment-resistant organoids.
Based on the resulting mutational profile differences, specific
mutations can be targeted to alter sensitivity towards various
treatment modalities.

Despite the numerous advantages of organoid-based re-
search, organoids remain imperfect models that lack the key
features of an in vivo microenvironment. Recent studies that
used mesenchymal stem cells (MSCs) have shown that MSCs
are able to form stromal elements, including fibroblastic, vas-
cular and neural cells [4]. Thus, the introduction of MSCs into
organoids and the induction of stromal differential could pro-
vide a tissue microenvironment that is capable of closely sim-
ulating in vivo conditions. An active in vitro tumor microen-
vironment would allow the assessment of the host immune
response and provide accurate modeling of neural and vascu-
lar invasion and metastasis [5]. The final hurdle in therapeutic
research is individual genetic and epigenetic variation within
the species that causes treatment resistance. Thus, customized
organoids from a patient’s cancer tissues that are co-cultured
with an MSC -derived microenvironment from the patient’s
normal tissue would provide an ideal model of the in vivo
tumor microenvironment. Experiments performed with such
customized in vitro organoid-based cancer models would al-
low the formulation of personalized treatment strategies.
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