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EUS-guided fine-needle technique facilitates the
establishment of organoid biobanks
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A biobank, or a biospecimen bank, refers to the
standardized collection, processing, and storage of
biological samples, such as macromolecules, cells,
tissues, and organs; as well as the associated clinical,
pathological, treatment, follow-up, informed consent
information; along with quality control, information
management, and application systems.!'! The rapid
growth of wvarious life science fields and the
introduction of translational medicine have increased
the need for biospecimen resources. Biobanks play an
irreplaceable role in the research on the prediction,
diagnosis, and treatment of human diseases. As an
essential resource for basic research and translational
medicine, biobanks have become highly valued by

countries over the years.*"!

DIFFERENT BIOBANK SAMPLE
COLLECTION STRATEGIES

Biobanks are repositories that collect, process, store,
and distribute biological samples and associated data for
basic, translational, and clinical research. They collect
highquality human biological samples (such as tissues,
blood, and other body fluids) and associated clinical
data, which create an essential scientific foundation
for personalized medicine. Identifying biomarkers
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associated with specific diseases such as tumors,
cardiovascular diseases, and neurological diseases is
beneficial for the early detection, prevention, and
treatment of diseases.” The identification of tumor
biomarkers for tumor diagnosis and prognosis and
to increase the effectiveness of tumor treatment is
critical for personalized medicine, which is rapidly
changing the treatment approach in many diseases.
A vital requirement for personalized medicine is the
collection of a large number of patient samples that are
annotated with the complete clinical and pathological
information.l’! In this respect, biobanks are critical in
the development of personalized medicine.

The identification of disease-associated biomarkers
from the blood or tissue samples of patients is
beneficial for the early detection, prevention, and
treatment of these diseases, and this helps predict
prognosis and design personalized medicine.” Samples
collected from patients can be screened for specific
gene mutations to formulate personalized medicine.
For instance, tests can be performed on tumor
samples of patients with non-small cell lung cancer
to determine the presence of epidermal growth factor
receptor (EGFR) mutations. If the results are positive,
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the patients may receive personalized medicine with
anti-EGFR tyrosine kinase inhibitors, such as gefitinib
and erlotinib.¥ Personalized medicine for a patient is
the most suitable treatment, with the least toxicity for
that particular patient.

The development of personalized medicine depends on
readily available, high-quality human biological samples
with complete medical history. However, most existing
biobanks consist of large-scale paraffin-embedded
tissue blocks or DNA banks, which can only provide
limited personalized information at the DNA, RNA,
and protein levels.[” As drug action in the body is
complex, and the effectiveness of the same drug is
different for each patient, the information provided by
conventional biobanks cannot estimate the actual 7z vivo
drug effectiveness. Thus, an z vitro model biobank that
allows personalized validation of treatment effectiveness
is urgently needed, particularly in the current era where
immunotherapy in the field of immuno-oncology
is undergoing rapid development.’! However, given
the complexity of the tumor microenvironment, the
results obtained using immunotherapeutic agents 7 vitro
cannot be translated directly into clinical efficacy. Thus,
biobanks that simply provide data at the DNA, RNA,
and protein levels cannot meet the current needs of
personalized treatment.

Organoid technology provides the technical means
to meet this demand. Organoids are cell cultures
obtained through three-dimensional (3D) cell
cultures or other techniques that exhibit certain key
features of the corresponding organs. They may
be derived from somatic cells, adult stem cells
(including progenitor cells), or pluripotent stem cells.
Such #n vitro culture systems include a self-renewing
stem cell population that can differentiate into multiple
organ-specific cell types.”'” Compared with 2D
models, the composition and behavior of organoids
more closely resemble that of actual organs. Their
genomes are stable, and they are more suitable for
use as research models for biological transfections
and high-throughput screening. Furthermore, organoid
models are more straightforward, yield faster results,
and allow more direct observations compared with the
commonly used animal models. Since the successful
establishment of epithelial organoids in 2009,'"! multiple
organoid models have been generated, including colon,
liver, pancreas, prostate, stomach, fallopian tube, ovary,
taste bud, salivary gland, esophagus, lung, endometrium,
mammary gland, and blood vessels."”

S

Research and development on antitumor drugs in the
past, relied heavily on tumor cell cultures 7z vitro and
rodent (mainly mouse) tumor models. Irrespective
of the animal models used, considerable differences
exist between these models and humans with respect
to the changes during the course of the disease and
drug responsiveness. Animal models often represent
only one stage of the disease and fail to recapitulate
the entire process of tumor development in all other
aspects, such as ethology, timeframe, and progression.
Thus, the clinical effectiveness of antitumor therapies
developed based on these models cannot be predicted.
More importantly, the genetic background, growth
environment, pathogenic factors, and treatment of
laboratory animals are too simple and cannot be
applied to the diverse tumor types and different
patients in complicated clinical settings. The limitations
of animal models have prompted researchers to study
patient specimens directly. Human-derived tumor cell
cultures provide researchers with an opportunity to
study the features of patient-specific tumor cells and
their drug sensitivity. However, not all tumors can be
successfully expanded 7z vitro. Isolating and culturing
tumor cells 7z vitro eliminate their interactions with
other components in the tumor microenvironment,
which are critical for tumor development and drug
responsiveness. Similar problems exist in patient-derived
xenografts in immunodeficient mice. First, the success
rate of transplantation is low. In addition, the tumor
microenvironment in immunodeficient mice differs
significantly from the internal environment of the
human body and may lead to mouse-specific tumor
evolution.l>

Compared with that of the conventional 2D culture
and tumor xenografts, the success rate of tumor
organoids is significantly higher. Furthermore, tumor
organoids can be cultured rapidly at a low cost for
a prolonged period. Shorter timeframes and lower
costs facilitate genetic modifications and large-scale
drug screening. The features of tumor tissues are
retained in 3D cultures; thus, the impact of the tumor
microenvironment is not lost during the research,
thereby providing a more realistic environment for the
development of antitumor drugs. Tumor organoids can
better recapitulate the diversity and complexity of the
tumors, from which they are derived with respect to
their genetic makeup, transcription profiles, metabolic
status, cytology, and histology. More importantly, iz vitro
cultures do not lead to an apparent homogeneous
cell population in tumor organoids. Tumor organoids
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recapitulate many features of 7# wvivo tumors, and
they currently serve as a bridge between basic tumor

research and clinical applications.>!"]

Organoids can be propagated (expanded in cultures),
cryopreserved (stored), and resuscitated (immortalized),
which increases the feasibility of establishing organoid
banks. The establishment of organoid biobanks is also
necessary because organoids allow the modeling of
human carcinogenesis in a dish, and can be routinely
derived from normal human tissue. This allows the
in vitro mutational modeling of all stages of malignancy.
Moreover, unlike the existing large-scale paraffin-embedded
tissue blocks or DNA banks, living tumor organoids
represent higher pathological and biological value. They
are important in many fields of research, including
tumor pathogenesis, drug combination/novel drug
evaluation, and novel biomarker studies. Currently, an
organoid biobank has been established by the nonprofit
company Hubrecht Organoid Technology (HUB) in
the Netherlands (www.hub4organoids.eu). Similar to the
American type culture collection, the HUB organoid
biobank contains more than 800 different types of
organoids with known features, such as genetic data,
for use in scientific research institutions and businesses.
Meanwhile, different tumor culture models are also
constantly being established and developed as shared
resources by The Human Cancer Models Initiative.
Numerous studies have also reported attempts to establish
organoid biobanks.

ESTABLISHMENT OF AN OVARIAN CANCER
ORGANOID BIOBANK

In 2019, the research groups of Hans Clevers and
Wigard P. Kloosterman in the Netherlands published
the results of their scientific research in Nature Medicine.
They established 7z vitro ovarian cancer (OC) organoid
models capable of long-term expansion, and their
models covered most of the OC subtypes." In their
study, tissue specimens from patients with OC were
used to induce organoids, which were established
as in vitro OC models for long-term cultures. They
established 56°C organoid lines from 32 patients,
covering most OC subtypes. Cell morphology and
immunohistochemistry confirmed that the features of
the established organoids were highly consistent with
tissue sections form patients.

In addition, their study demonstrated the applications
of OC organoids for drug screening. The response of
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different tumor subtypes to platinum-based chemotherapy
was also investigated, including the development of
chemoresistance in recurrent disease. OC organoids could
be xenografted, thereby exhibiting potential application in
in vivo drugsensitivity tests. They provided a vital platform
for future research on drug screening and responses of
different OC subtypes to chemotherapy.

ESTABLISHMENT OF A BREAST CANCER
ORGANOID BIOBANK

Sachs e al. also employed organoid technology and
established a breast cancer organoid biobank to capture
the heterogeneity of breast cancer.'” They collected
tissue samples from more than 150 patients with breast
cancer and utilized a protocol for the long-term culture
of organoids while maintaining their features. More
than 100 breast cancer organoids were successfully
established, with a success rate of more than 80%.
They also performed histopathology, whole-genome
sequencing, transcriptome sequencing, and drug
sensitivity tests on the breast cancer organoids.
Collectively, their results showed that breast cancer
organoids retained the histological and genetic features
of the original tumors. Furthermore, these features
were retained in the organoids after extended passaging
Ultimately, their research team established a biobank of
breast cancer organoids that could facilitate scientific
research and drug development.

ESTABLISHMENT OF A BLADDER CANCER
ORGANOID BIOBANK

In the US, Lee er al. reported the establishment of
a patient-derived organoid biobank; these organoids
recapitulated the histopathology and molecular diversity
of human bladder cancer.”” Samples from patients
of different ethnic groups and sexes, containing two
subtypes of bladder cancer at different stages, were
used to establish 16 organoid systems. The organoid
systems could recapitulate the mutational spectrum of
human bladder cancer. The organoids could also be
used for clinical drug screening, and their mutational
spectrum could be used to predict drug responses.

ESTABLISHMENT OF GASTRIC CANCER
ORGANOID BIOBANK

Seidlitz ez al. established the largest gastric cancer
organoid biobank known to date. In-depth analyses
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of the gastric cancer organoids regarding genomic
variations, molecular profiling, chemotherapy sensitivity,
and sensitivity to targeted therapy were performed.?"
A total of 20 gastric cancer organoids were generated,
four of which were selected for further investigations.
All four selected organoids were stably passaged
for more than 1 year, indicating the stability of the
organoid models. Transplantation of these organoids
into immunodeficient mice resulted in the establishment
of xenograft tumors. Intriguingly, the growth rate of
the xenograft tumors was consistent with that of the
organoids, indicating that the gastric cancer organoids
propetly recapitulated the biological behavior of gastric
cancer. The report by Seidlitz e/ a/. is undoubtedly a
core study for gastric cancer organoids. Not only a
large biobank of gastric cancer organoids was generated
but molecular profiling based on the cancer genome
atlas datasets was also performed. Furthermore, they
also proved the feasibility of targeted therapy testing
using gastric cancer organoids and specific targets.

Despite significant progress being made, the field of
organoid research still faces many challenges. The most
important aspect is the tissue source for organoid
cultures. Currently, most tumor organoids are generated
from surgically resected tissue specimens. However,
most patients are diagnosed with cancer at an advanced
stage that is not conducive to surgery. This severely
limits the opportunities for generating tumor organoids
using surgical specimens. A more challenging issue
is that patients with cancer who relapse following
radiotherapy and chemotherapy, not only lose the
opportunity for surgery, but they also become unfit to
undergo surgery even if they meet the criteria. Thus,
the conventional approach of generating organoids
using surgical specimens followed by drug screening
for personalized medicine is simply impossible. This
limitation also dramatically hampers the number of
organoid biobanks.

The endoscopic ultrasound (EUS)-guided fine-needle
aspiration (FNA) technique effectively overcomes the
shortcomings and limitations of generating organoids
via surgery.” The use of EUS-FNA to obtain organoid
cultures exhibits many advantages. First, biopsy through
EUS-FNA enables the collection of tissue aspirates
through inserting a fine-needle into the target under
continuous real-time ultrasound guidance. The cells or
tissues obtained from FNA are smeared onto a glass
slide to perform real-time analysis of abnormalities
and cancer diagnosis. Afterward, the specimens can

S

be used immediately to generate organoid cultures in
the laboratory.”?*! This method eliminates the lengthy
pathological diagnosis period of the conventional
approach, where surgically resected tissue is used to
culture organoids, which sometimes leads to the growth
of nontumor organoids. Second, EUS-FNA can be
performed at any phase of the disease, including
before surgery, before or after radiotherapy and
chemotherapy, or even after recurrence. In addition,
endoscopic examination procedures are often safer
than surgical operations.” Finally, EUS-FNA enables
the extraction of tissues from almost all structures
of the chest, abdomen, and pelvis through the
gastrointestinal tract.’** This greatly facilitates the
use of EUS-FNA to generate a variety of tumor
organoids.”*" Researchers have successfully established
organoid cultures 7z vitro through needle biopsies of

B! B% and colorectal cancer

liver cancer,P!l pancreatic cancer,
with liver metastases.’? These studies further affirm the
feasibility of utilizing EUS-FNA to prepare organoids

and the possibility of establishing organoid biobanks.

The quality and quantity of biobanks are critical
for determining whether substantial progress can
be made in translational medicine and personalized
medicine. EUS-FNA enables real-time diagnosis and
organoid generation. It is unrestricted by the stage
of the disease and can reflect the status in real-time.
It can also be used to generate organoids of almost
all tissue types. These advantages demonstrate that
EUS-FNA can significantly facilitate the establishment
of organoid biobanks. It is almost impossible to
establish a comprehensive and diverse organoid biobank
that covers all diseases without utilizing EUS-FNA.

Other challenges in the field of organoid research also
need to be overcome to match scientific ambitions.
First, organoids do not contain all components of
the microenvironment in the human body. Moreover,
co-culturing with immune cells or fibroblasts presents
problems, such as the incorporation of blood vessels
and nerve cells into the culture systems to establish
multidimensional cultures that are yet to be addressed.
Second, culturing techniques for tumor organoids are
complex, with different tissues and even different
subtypes requiring different culturing conditions. Thus,
further investigations are needed to identify a more
rational approach;P7* however, overall, organoids
can adequately recapitulate the genetic, physiological,
and morphological features of the corresponding
in vivo tissues. They are also suitable for use in

ENDOSCOPIC ULTRASOUND / VOLUME 9 | ISSUE 6 / NOVEMBER-DECEMBER 2020 I



Yang, et al.: EUS-FNA & organoid biobanks

high-throughput drug screening, which suggests that
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