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The organs and tissues of our bodies consist of a specific set of cell types. These
cells closely interact with each other and the surrounding extracellular matrix. During
embryonic and fetal development, such interactions are inductive and are the driving forces
of tissue morphogenesis. Mimicking these spatially and temporally complex processes of
organogenesis under lab conditions is a young research area, pioneered by the work of
Hans Clevers and co-workers. Despite promising progress during the last decade, there is
a long way to go before organoids that resemble the entire complexity of their originals, in
structure and function, can be generated.
Conventional 2D cell cultures do not display all aspects of the aforementioned complex
interplay; therefore, realistic 3D tissue models that recapitulate organ development and
morphogenesis and fulfill at least some of the tissue-specific functions are required. Such
models are termed organoids. Organoids allow researchers to study the development of
tissues and organs, carry out realistic toxicity assessments, drug tests or genome editing
strategies, and model human diseases [1]. They enable direct research on human tissues
and help to reduce animal testing. Finally, the further development of organoids could also
enable their use for replacement therapies.
3D tissue models already have a long history. Early studies from the 1960s and 1970s
showed that fetal organs, when removed from the body and dissociated into single cells,
have the remarkable potential to reaggregate and resume the shape, tissue architecture and
even function of the original organ [2–4].
However, today’s boom in organoid models did not begin until 2009 (Figure 1A).
During that year, Hans Clevers’ lab demonstrated that single primary adult stem cells,
isolated from the crypts of the intestinal system, have the potential to regrow a complete
intestinal epithelium forming cystic structures [5]. It became clear, that stem cells from
most organs and tissues have similar potential, and a variety of publications concerning
this topic followed. From this point on, the organoid field developed rapidly.
Primary-tissue-specific stem cells, however, are not the only source for culturing
organoids. Another option is so-called pluripotent stem cells (PSCs). In the 1970s, the first
PSCs were isolated from teratocarcinomas, and stable PSC cultures were established [6].
Experiments showed that such cells form aggregates in suspension culture, which undergo
complex differentiation processes and morphogenetic events [7]. These 3D tissue cultures
spontaneously developed different tissues derived from all three embryonic germ layers
and were termed embryoid bodies (EBs).
In 1981, the first non-malignant PSC lines were derived from the inner cell mass of
mouse blastocysts [8,9], and finally, in 1998 [10], a successful derivation of human PSCs
was published. Due to their embryonic origin, these cells were termed embryonic stem
cells (ESC). In 2006 and 2007, a series of publications revealed that PSCs can be also
artificially induced from terminally differentiated somatic cell types [11–13]. Such induced
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pluripotent stem cells (iPSCs) made human PSCs broadly available and boosted the field of
stem cell biology.
PSCs have the remarkable potential to give rise to all cell types of the body. For that
reason, they can be also differentiated into all multipotent, tissue-specific stem cells; these
are the founding populations of the later tissues and organs and, thus, can be used to
grow organoids. In 2013, the first PSC-derived organoid models were published. The
authors used small molecules and cytokines to specifically direct PSC aggregates towards
a neuroepithelial fate, and finally observed the emergence of cerebral structures [14,15].
In the following years, a variety of PSC-based organoid models were published (e.g., of
the fetal liver, lung, heart, kidney, and different brain regions). Today, most tissues are
created as organoid models in the lab utilizing either tissue-specific or pluripotent stem
cells. However, many challenges remain.
Most organoids only represent the organs’ parenchyma and are devoid of other
important components, such as connective tissue, a vascular and lymphatic network,
peripheral nerves, or local immune cells. Moreover, the robust reproducibility of many
models is still a problem. Finally, organoid culture is expensive and laborious. The
discovery of cheaper reagents and culture media, automatization of the culture process and
upscaling of organoid production are interesting research fields and future challenges.
Within recent years, important steps were made in this field, increasing the complexity
of organoid culture. Efforts were made to add stromal components and a perfusable
vascular system through the incorporation of mesodermal progenitor cells [16]. Moreover,
different types of organoids were put into co-culture to generate so-called assembloids [17].
A completely new and fascinating research field is that of mimicking real embryonic
Organoids 2022, 1, FOR PEER REVIEW
3
development using gastruloids or embryoids, which enables researchers to study the
co-development of different organ systems [18–20].
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A more holistic approach seems to be incorporating organ-on-a-chip technology,
wherein different types of organoids are brought into a system of microfluidic channels; this
allows the investigation of artificial organs that interact with each other as a working system.
Finally, organoids are discussed as building blocks for biofabrication processes. Biofabrication and bioengineering might help to create organoids of a defined geometry, which
drives deterministic tissue patterning [21,22].
The organoid field has developed quickly within recent years (Figure 1A). It has now
entered a new level of complexity, and has started to play a growing role in medical research
and human developmental biology. For that reason, this is the ideal time to set up a new
journal dedicated to all aspects of this diverse and rapidly evolving research field. We are
curious and excited to see how the field will progress in the next decade. We welcome
all scientists with expertise in organoid, assembloid and embryoid technology, as well as
those with expertise in combining organoids with bioprinting techniques, to contribute
to the development of the newly founded journal “Organoids” (Figure 1B). Our aim is to
create a specialized platform for the scientific community, to present new and exciting data
covering all aspects of basic and translational organoid research.
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