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Currently, colorectal cancer is still the third leading cause of cancer-related mortality, and
the incidence is rising. It is a long time since the researchers used cancer cell lines and
animals as the study subject. However, these models possess various limitations to reflect
the cancer progression in the human body. Organoids have more clinical significance than
cell lines, and they also bridge the gap between animal models and humans. Patient-
derived organoids are three-dimensional cultures that simulate the tumor characteristics in
vivo and recapitulate tumor cell heterogeneity. Therefore, the emergence of colorectal
cancer organoids provides an unprecedented opportunity for colorectal cancer research.
It retains the molecular and cellular composition of the original tumor and has a high degree
of homology and complexity with patient tissues. Patient-derived colorectal cancer
organoids, as personalized tumor organoids, can more accurately simulate colorectal
cancer patients’ occurrence, development, metastasis, and predict drug response in
colorectal cancer patients. Colorectal cancer organoids show great potential for
application, especially preclinical drug screening and prediction of patient response to
selected treatment options. Here, we reviewed the application of colorectal cancer
organoids in disease model construction, basic biological research, organoid biobank
construction, drug screening and personalized medicine, drug development, drug toxicity
and safety, and regenerative medicine. In addition, we also displayed the current limitations
and challenges of organoids and discussed the future development direction of organoids
in combination with other technologies. Finally, we summarized and analyzed the current
clinical trial research of organoids, especially the clinical trials of colorectal cancer
organoids. We hoped to lay a solid foundation for organoids used in colorectal cancer
research.

Keywords: organoids, colorectal cancer, living biobank, drug screening, personalized medicine, drug toxicity,
regeneration medicine

INTRODUCTION

Colorectal cancer (CRC) ranked the third one in tumor incidence of all malignant tumors and the
second one in cancer-related mortality worldwide (Keum and Giovannucci, 2019). According to the
global cancer statistics in 2018, there were nearly 1.8 million new cases and more than 800,000
deaths, accounting for 10.2% of all incident cancer cases and 9.2% of the total number of cancer
deaths, respectively (Bray et al., 2018). The incidence of CRC in developed countries has declined
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significantly. However, it is rising rapidly in developing countries
(Siegel et al., 2019). Data from the Global Cancer Observatory
(https://gco.iarc.fr/today) showed that there were approximately
520,000 new cases of CRC in China and approximately 240,000
deaths. The number of new cases and deaths was close to 28% of
the global data in the same period, which seriously endangered
people’s health.

CRC is a complex and multifactorial disease that involves
genetic and environmental risk factors (Yang et al., 2019),
including positive family history, hereditary CRC syndrome,
inflammatory bowel disease, a high-fat diet, deficiency in
dietary fiber, obesity. Moreover, smoking, lacking physical
exercise, and age are also closely related to CRC (Nguyen
et al., 2018). CRC is generally an asymptomatic disease before
it progresses to advanced stages. In clinics, many CRC patients
were diagnosed at a more advanced stage (Roney et al., 2021).
Early endoscope screening is essential for the diagnosis of CRC
which takes at least 5–10 years for adenomas to develop into
CRC. CRC Statistics in the United States indicated the rapid
decline in the incidence of CRC of people over 55 years because of
the widespread use of early endoscope screening (Siegel et al.,
2017). Colonoscopy is considered the most sensitive and specific
method for lesion detection and monitoring among the various
screening methods used for CRC. It can detect and remove most
precancerous adenomas of the early stage. However, colonoscopy
is an invasive examination that causes discomfort and potential
complications for the patients, which restricts the widespread
application in physical examinations (Alves Martins et al., 2019).
The clinical data showed the cure rate approaching 90% after
surgery when CRC is diagnosed in the early stage. However, it was
only 10% of the 5-years survival rate of patients with metastatic
CRC that cancer cells spread to distant lymph nodes or other
organs (Relier et al., 2016). The survival rate of patients with
advanced CRC has been substantially improved due to the use of
chemotherapeutics, the introduction of targeted therapies for
specific tumor characteristics, and the combination of
multidisciplinary methods. The median overall survival reaches
30 months in clinical trials. Despite advances in therapeutic
strategies, the mortality rate of CRC remains at a high level
(Kuipers et al., 2015). Relevant reports have proposed that CRC
be classified according to its molecular subtypes. The unique
treatment strategy was applied for different types of CRC patients
that facilitated the individualized treatment of CRC (Guinney
et al., 2015). Currently, individual treatment of cancer patients is
generally based on gene sequencing in the clinics, but only 7% of
the beneficiary population received personalized medicine based
on next-generation sequencing (NGS) (Meric-Bernstam et al.,
2015). However, the development of drugs resistance in patients
receiving anticancer therapies is a continuing problem and the
main obstacle to effective treatment (Jung et al., 2021). The
current research and preclinical development of antitumor
drugs are based on traditional tumor biology research models,
including conventional two-dimensional cell lines (2D) and
patient-derived tumor xenografts (PDXs). However, cell lines
do not have the integrative microenvironment of living tissues
and cannot retain tumor genetic information and heterogeneity
in the process of passage. Because murine gene characteristics and

growth environment are different from tumor patients, PDXs
models undergo mouse-specific tumor evolution (Zhou et al.,
2017; Mittal et al., 2019). Moreover, this model has a low success
rate, high cost, and is time consuming, so that it cannot better
satisfy demand (Ben-David et al., 2017). So, it is urgent to develop
a new model for tumor research.

The first organoid was successfully established by Hans
Clevers in 2009 (Sato et al., 2009). Since then, organoid has
increasingly gained in popularity. In recent years, organoid has
become a research hotspot, showing significant promising in the
biological analysis of the tumor. Organoids, a kind of in vitro
culture system, contains self-renewing stem cells that differentiate
into various organ-specific cell types and tissues, a three-
dimensional (3D) structure that assumes a similar
organization and functionality as an organ. It overcomes many
limitations of traditional models. These organoids are closer to
cell composition, behavior, and physiology of native tissues and
have more stable genomic structures. At present, cancer
organoids are derived from tumor tissues of mice or humans.
In the appropriate culture conditions, organoids formed a 3D
structure that is similar to mice or human tumors, and mostly
maintained tumor tissue structure, the gene lineage, and tumor
heterogeneity. Tumor organoids can be used to study the
mechanism of occurrence and development of disease and
tissue transplant in regenerative medicine, which is also an
effective screening platform for high-throughput drug
screening. Currently, drug discovery in vitro is a relatively
successful application to identify personalized drug
combinations and more efficient treatment plans for individual
patients (Fatehullah et al., 2016; Xu et al., 2018a; Xu et al., 2018b;
Li and Izpisua Belmonte, 2019). In this article, we aimed to
summarize the application of organoids in CRC by showing basic
research, preclinical data and systematically reviewing early
clinical evidence available to highlight the most promising
avenues for clinical leveraging of organoids in CRC.

CRC ORGANOIDS

Organoids are 3D constructs that grow in vitro and are self-
renewing and self-organizing (Sato et al., 2009; Lancaster et al.,
2013). Organoids can be derived from embryonic stem cells
(ESCs), induced pluripotent stem cells (iPSCs), adult stem cells
(ASCs), and even tumor cells (Sato et al., 2009; Lancaster et al.,
2013; Lancaster and Huch, 2019). Its functions and structures are
highly similar to the organs (Tuveson and Clevers, 2019). Since
Clevers et al. (Sato et al., 2009) successfully cultured small
intestine organs from mice in 2009, multiple organoids have
been successfully produced and reported, including the intestine
(Sato et al., 2009; Fujii et al., 2018), heart (Hoang et al., 2018), liver
(Huch et al., 2015; Tüysüz et al., 2017), pancreas (Broutier et al.,
2016), kidney (Takasato et al., 2015; Low et al., 2019), prostate
(Gao et al., 2014; Karthaus et al., 2014), lung (Rock et al., 2009;
Wong et al., 2012; Nikolić et al., 2017; Sachs et al., 2019), retina
(Xie et al., 2020), and brain (Lancaster et al., 2013). Moreover, a
variety of cancer organoids have been successfully established,
which includes breast cancer (Sachs et al., 2018; Dekkers et al.,
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2020), lung cancers (Kim et al., 2019; Shi R. et al., 2020), CRC
(Karthaus et al., 2014; Matano et al., 2015), and so on. At present,
cancer cell lines are still one of the widely applied models for
large-scale drug screening. However, this model also has
shortcomings that lack spatial structure and overall
microenvironment in vivo and cannot simulate tumor
heterogeneity (Xuefeng et al., 2020). There were significant
differences between 2D cultured cell lines and 3D cultured cell

models in drug sensitivity (Imamura et al., 2015). The patient-
derived tumor xenograft (PDX) model can simulate the situation
in vivo to a certain extent, which can better maintain tumor
heterogeneity and genetic complexity in vivo (Jiang S et al., 2020).
However, this model still faces many problems, including a low
successful rate of transplantation tumors, large tumor sample
requirement, and a long experimental period (Lau et al., 2020).
The PDOs models cover the shortage of existing models and offer

TABLE 1 | Summary of the different methods related to CRC organoids of mouse and human.

References Medium Tissues

Sato Sato et al. (2009) AdvDMEM/F12, 10–50 ng/ml EGF,500 ng/ml R-spondin-1,100 ng/ml Noggin Primary mouse tissue
Schatoff Schatoff et al. (2019) AdvDMEM/F12, penicillin/streptomycin, Glutamine, 1 mM N-Acetylcysteine, 10 U/ml

DNAseⅠ, 1 ml FBS(final 5%)
Primary mouse tissue

Goto Goto et al. (2019) AdvDMEM/F12, 50 ng/ml mouse EGF, penicillin/streptomycin, 10 mM HEPES,
GlutaMAX, B27(1×)

Mouse
CRC

Ganzleben Ganzleben et al. (2020) AdvDMEM/F12, 10 nM HEPES, 2 mM GlutaMAX, Pen/Strep Amphotericin Mix,
B27(1×), 1 mM Acetylcysteine, 50 ng/ml EGF

Mouse
CRC

Sato Sato et al. (2011) AdvDMEM/F12, penicillin/streptomycin, 10 mM HEPES, Glutamax, N2(1×), B27(1×),
1 mM N-acetylcysteine, murine EGF, murine noggin, human R-spondin-1, human
Want-3A, gastrin, nicotinamide, A83-01, SB202190, Y-27632

Human
CRC

Van de Wetering van de Wetering
et al. (2015)

AdvDMEM/F12, 1% penicillin/streptomycin, 1% Hepes buffer, 1% Glutamax, 20%
R-spondin-1 conditioned medium, 10% Noggin conditioned medium, B27(1×),
1.25 mM n-Acetyl Cysteine, 10 mM Nicotinamide, 50 ng/ml EGF, 500 nM A83-01,
10 μM SB202190, 100 μg/ml Primocin, 10 μM Y-27632

Human
CRC

Fujii Fujii et al. (2016) AdvDMEM/F12, penicillin/streptomycin, 10 mM HEPES, 2 mM GlutaMAX, B27(1×),
10 nM gastrin I, 1 mM N-acetylcysteine, 50 ng/ml mouse recombinant EGF, 100 ng/
ml mouse recombinant Noggin, 10% R-Spondin-1 conditioned medium, 50%Wnt-3A
conditioned medium, 500 nM A83-01, 10 μM SB202190

Human
CRC

Buzzelli Buzzelli et al. (2018) DMEM/F12, GlutaMAX, 1% StemPro, 10 ng/ml Y-27632, 100 ng/ml R-Spondin-1,
10 ng/ml Noggin, 10 ng/ml WNT3A, 10 ng/ml EGF, 5 ng/ml IGF-1, 10 ng/ml FGF-10,
10 ng/ml FGFβ, 10 ng/ml ET3

Human CRC liver metastases pathological
specimens

Toden Toden et al. (2018) AdvDMEM/F12, 50%(v/v) L-WRN conditioned medium, 20% FBS, 2 mM L-glutamine,
0.2% Primocen, 10 μM Y-27632, 10 μM SB431542, 5% penicillin/streptomycin

APCMin mouse CRC and human CRC

Ubink Ubink et al. (2019) AdvDMEM/F12, penicillin(100 U/ml), streptomycin(100 μg/ml), 10 mM Hepes,
400 μM Glutamax, B27(1×), 1 mM N-Acetyl-L-cysteine, 50 ng/ml Noggin, 500 nM
A83-01, 10 μM SB202190

Human CRC peritoneal metastases
pathological specimens

Ng Ng et al. (2019) AdvDMEM/F12, penicillin/streptomycin, 10 mM HEPES, 2 mM Glutamax, B27(1×),
1 mM N-acetylcysteine, 10 nM gastrinⅠ, 50 ng/ml recombinant human noggin, 50 μg/
ml recombinant human R-spondin-1, 500 nM A83-01, 10 mM SB202190, 10 μM Y-
27632

Human
CRC

Mukohyama Mukohyama et al.
(2019)

AdvDMEM/F12, 2 mMGlutaMAX, 10 mM HEPES, 1 mM sodium pyruvate, 10% heat-
inactivated FBS, 120 μg/ml penicillin, 100 μg/ml streptomycin, 0.25 μg/ml
amphotericin-B, ITES mdia supplement, 50 ng/ml hEGF, 500 ng/ml hR-Spondin-1,
100 ng/ml hNoggin, 10 μM Y-27632

Cell lines and human CRC PDX

Lee Lee et al. (2019) AdvDMEM/F12, B27(1×), 1.25 mMN-acetyl cysteine, 50 ng/ml human EGF, 50 ng/ml
human Noggin, 10 nM gastrin, 500 nM A83-01, 100 mg/ml primocin, 10 μM Y-27632

Human
CRC

Knight Knight et al. (2021) AdvDMEM/F12, HEPES(5 mM), 2 mM L-glutamine, 100 U/ml penicillin/streptomycin,
N2(1×), B27(1×), 100 ng/ml noggin and 50 ng/ml EGF, 500 ng/ml R-spondin, 10 nM
gastrin, 100ng/ml Wnt-3A, 10 μM Y-27632, 0.5 μM A83-01, 5 μM SB202190, 4 mM
nicotinamide, 10 ng/ml FGF basic, 10 ng/ml FGF10, 1 μM prostaglandin E2

Human
CRC

Costales-Carrera Costales-Carrera
et al. (2020)

AdvDMEM/F12, Hepes 10 mM, Glutamax 10 mM, N2(1×), B27(1×), 1 mMN-acetyl-L-
cysteine, Primocin(1:500), 0.1 μg/ml Noggin, 1 μg/ml Gastrin, 10 μM Y-27632, 50 ng/
ml EGF

Human
CRC

Narasimhan Narasimhan et al. (2020) AdvDMEM/F12, 10 mM Hepes, Glutamax(1×), 10 mg/L gentamicin, antibiotic-
antimycotic(1×), B27(2×), 500 nM A83-01, 50 ng/ml hEGF, 1 nM Gastrin 1 human,
1 mM M-Acetyl-L-cysteine, 5 μM SB202190, 10 μM SB431542, 10 μM Y27632

Human
CRC

Song Song et al. (2020) AdvDMEM/F12, 50%(v/v)L-WRN-conditioned medium, Wnt3a, R-spondin, Noggin,
penicillin/streptomycin(1×), 10 mM HEPES, 2 mM GlutaMAX, B27(1×), N2(1×), 1 mM
N-Acetylcysteine, 10 nM Gastrin, 10 mM nicotinamide, 10 μM SB202190, 50 ng/ml
recombinant murine EGF, 0.5 μM A83-01

Human
CRC

Costales-Carrera Costales-Carrera
et al. (2020)

AdvDMEM/F12, 10 mM HEPES, 10 mM Glutamax, N2(1×), B27(1×), 1 mM N-acetyl-
L-cysteine, Primocin(1:500), 0.1 μg/ml Noggin, 1 μg/ml Gastrin, 10 μg/ml, 10 μM Y-
27632, 50 ng/ml EGF, 0.02 μM PGE2, 1 μM LY-2157299, 10 μM SB-202190

Human
CRC
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unique advantages. It can proliferate indefinitely in vitro and
maintain the heterogeneity of tumors. Therefore, organoids can
be widely used in tumor studies of tumor occurrence,
development, and drug response.

In the field of CRC, organoids were first isolated and
established in mice by Sato (Sato et al., 2009), and 2 years
later, he developed a protocol that allowed a robust and long-
term culture of primary human epithelial cells isolated from the
colon (Sato et al., 2011). Subsequent studies on CRC organoids
mostly adopted Sato’s protocols or were slightly modified based
on these protocols. Tissue is mechanically dissociated and then
digested into single cells. In the isolation procedure, Rho kinase
inhibitor (Y-27632) is included in the medium to avoid anoikis,
which seems to determine the survival rate. Cells are plated into
matrigel and cultured in a basal culture medium. Here we list
different culture mediums for culturing mouse and human
organoids (Table 1). Obviously, gastrin, A83-01, and
SB202190 are added to the human organoid medium
compared with the mouse organoid medium. The addition of
gastrin can extend the survival time of organoids. A83-01, an
inhibitor of Alk4/5/7, can significantly improve the plating
efficiency. SB202190 can inhibit p38, inhibiting goblet cell
differentiation and increasing intestinal epithelial proliferation.

APPLICATION OF ORGANOIDS IN CRC
RESEARCH

The intestinal organoid is the first organoid successfully
cultivated, and it is also the most mature organoid produced

and studied. Organoids are considered the best preclinical
models, which can be used to construct disease models, tumor
mechanism research, drug screening, tumor treatment and
personalized medicine, drug development, regenerative
medicine, etc. Organoids can culture, subculture, frozen
storage, recovery, the genetic background, and histological
characteristics are similar to internal organs. Organoids have
been considered good preclinical models applied to many fields,
such as construct disease models, tumor mechanism research,
organoids construction of living organoids, drug screening,
personalized drugs, novel drug development, drug toxicity,
safety testing, and regenerative medicine. The potential
applications of organoids of colorectal cancer patients are
shown in Figure 1.

Disease Model Construction
Organoids were first cultured to test the drug sensitivity of
Orkambi in patients with cystic fibrosis (CF) and succeed
(Sato et al., 2011; Dekkers et al., 2013), which might be
applied to CRC. Sato (Sato et al., 2011) pioneered the
development of intestinal organoids, and he isolated intestinal
adenomas from APC-deficient mice and successfully formed
cystic organoids in vitro. Moreover, he found that
R–spondin–1 and Noggin, which are essential for normal
small intestine organoid culture, were not necessary in
adenomatous organoids. Then he applied the intestinal
adenoma culture condition to human CRC samples and got
CRC organoids with irregular dense structures, requiring
neither R-spondin nor Noggin. Patient-derived organoids
recapitulated the original tumor tissues’ histological features

FIGURE 1 | Basic application of colorectal organoids in disease and basic research. Organoids can be established from healthy or CRC tissue from the patient-
sourced samples. Isolated tissue or stem cells, or activin-treated human pluripotent stem cells, are embedded in a basement membrane matrix and maintained in media
containing a variety of niche factors critical for expansion. Organoids are usually formed in 3D and have structures similar to their origin. For example, culturing isolated
gastric epithelial cells under the conditions described above can grow human gastric organoids in which gastric gland zone buds are distributed around the central
lumen. Gene editing of organoids can be used for the modeling of diseases as well as the construction of xenografts. Direct sampling through mice and organoids can be
used for a series of fundamental studies.
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and marker expression, which also presented patient-specific
heterogeneous morphologies and remained mutational
spectrum observed in paired tumors in the most frequently
mutated CRC genes with a 94.4% overlap (Yao et al., 2020).
Weeber et al. (Weeber et al., 2015) obtained metastatic cancer
tissues from 14 patients with CRC by a biopsy to culture
organoids, of which 10 were successful. They then sequenced a
total of 1977 cancer-related genes from tumor biopsies of eight
patients and its matched biopsy-derived culture. They found that
90 percent of somatic mutations were shared between organoids
and biopsies from the same patient. The correlation between the
DNA copy number and the corresponding primary tumor was
0.89. Most importantly, none of the mutations found exclusively
in the tumor or organoid culture are in driver genes or genes
amenable to drug targeting. van de Wetering et al. (van de
Wetering et al., 2015) generated 22 CRC organoids and 19
normal adjacent organoids from 20 patients. They proved that
CRC organoids retained the subtypes of the original tumor
samples by sequencing all exons. Buzzelli et al. (Buzzelli et al.,
2018) proved that CRC liver metastases organoids show
characteristics of colonic origin and different expression of
stem cell markers, which could be screened for susceptibility
to novel drug therapies. Janakiraman et al. (Janakiraman et al.,
2020) observed that rectal cancer in vitro tumor organoid models
replicated the clinical 5-fluorouracil chemotherapy with radiation
neoadjuvant therapy pathologic tumor regression grading
observed in the corresponding patient tumors. Therefore, the
CRC organoid culture has a high success rate and reflects the
genetic characteristics of patients, which can provide strong
evidence for individualized treatment of cancer. In addition to
producing organoids from patients with CRC, with the
development of gene-editing technology, researchers have
successfully introduced mutations into organoids derived from
normal intestinal epithelium to produce CRC organoids for the
study of diseases. Matano et al. (Matano et al., 2015) used CRISPR
- Cas9 gene-editing technology to mutate a series of tumor
suppressor genes APC, Smad4, TP53, and oncogenes KRAS,
PI3K in normal epithelial organs, and produced corresponding
CRC organoids via selective culture in medium without
corresponding growth factors. At the same time, these
modified organoids were transplanted into the kidney capsule
and spleen of nude mice, which showed that they had different
abilities of tumor formation, invasion, and metastasis, and
indicated that they could reproduce the occurrence and
development of CRC in vitro. Fujii et al. (Fujii et al., 2015)
used the CRISPR–Cas9 system for precise genome editing.
They obtained genetically modified human colonic organoids
within 3 weeks through piggyBac transposon stable integration
genes and efficient electroporation. Not content with culturing
CRC organoids in vitro, researchers tried diseased organoids into
mice and successfully established a model of CRC
transplantation. Drost et al. (Drost et al., 2015) used CRISPR -
Cas9 technology to modify the four most common CRC genes
(APC, TP53, KRAS, and Smad4) in human intestinal stem cells
and select mutated organoids by removing a single growth factor.
Next, they subcutaneously injected organoid lines into mice.
Some mice were injected with triple–mutant organoids (3 out

of 12 injections). The majority of mice were injected with
quadruple–mutant organoids (13 out of 16 injections)
developed visible nodules. The quadruple mutants grew as
tumors with features of invasive carcinoma. Roper et al.
(Roper et al., 2017) injected CRC organoids with APC, TP53,
and Kras mutations via CRISPR - Cas9 technology into the
intestinal mucosa of mice to establish an orthotopic
transplantation model. After 6 weeks, 15 tumors were found in
10 mice, and liver metastasis occurred in 3 mice after 12 weeks.
Then, they injected human CRC organoids into the intestinal
mucosa of mice. 8 of the 26 mice developed liver metastasis, and
the resulting tumors highly maintained the morphological and
pathological characteristics of the primary tumor. O’Rourke et al.
(O’Rourke et al., 2017) induced colon injury to form a favorable
microenvironment for tumor colonization. They injected the
gene-edited mice organoids into the intestine of mice by
enema to establish an immune CRC model. Fumagalli et al.
(Fumagalli et al., 2018) surgically implanted CRC organoids
into the cecum of mice, which resulted in tumor metastasis to
the liver and lung with 100% efficiency. This model summarized
the whole adenoma-adenocarcinoma-metastasis axis in vivo. This
model is also applicable to orthotopic transplantation of patient-
derived CRC organoids to produce a histopathological accurate
preclinical human cancer model. Gastrointestinal tissue has been
in a rhythmic peristaltic environment in the human body, and
gastrointestinal organoids cannot simulate this environment.
Recently, Guocheng Fang et al. (Fang et al., 2021) developed a
microfluidic chip to imitate the rhythmic peristaltic culture of
human colon tumor organoids. This chip consists of 200 lateral
microwells and a surrounded pressure channel. Each microwell
will grow into 1–2 colon tumor organoids that receive periodical
contraction by the pressure channel and simulate the peristalsis.
It was found that human colon tumor organoids grown in a
peristaltic environment had a more uniform size distribution, and
the expression of KI67 and LGR5 enhanced. Moreover, this chip
achieves the high-throughput culture of organoids. Unexpectedly,
the uptake of the ellipticine-loaded polymeric micelles by human
colon tumor organoids grown in peristaltic environments was
significantly reduced, which causes a reduction in antitumor
activity. This study provides a new strategy for the large-scale
dynamic culture of digestive organoids. The above-mentioned
in vitro CRC organoids and organoid transplantation models
have great potential in researching CRC drug screening, disease
progression, and individualized treatment.

Establishment of Living Biobanks of
Organoids
Since various tumor organoids were successfully established,
researchers from home and abroad have devoted themselves to
establishing living biobanks of tumor organoids again. In recent
years, many large-scale living organoid biobanks have been
established abroad, including breast cancer (Sachs et al., 2018),
gastric cancer (Yan et al., 2018), advanced prostate cancers
(Beshiri et al., 2018), bladder cancer (Lee et al., 2018),
metastatic colorectal and gastroesophageal cancer
(Vlachogiannis et al., 2018), paragangliomas (Verginelli et al.,
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2018), glioblastoma (Jacob et al., 2020), tumors arising in the
pancreas and distal bile duct (Driehuis et al., 2019), urothelial
cancer (Mullenders et al., 2019), CRC (Kuipers et al., 2015; van de
Wetering et al., 2015), and locally advanced rectal cancer (Yao
et al., 2020). Figure 2 illustrates the information on the
establishment and application of colorectal cancer organoid
biobank. Establish a living biobank using tissue from patients.
The aim was to screen suitable drugs for these patients. For the
patient, the most obvious benefit is that drug testing can be
performed without the patient’s participation. If there are no
suitable drugs, the organoids would be kept in this organoid
biobank. Once there is a new drug, they might test again to screen
appropriate drugs. At present, living organoid biobanks are
mainly used for drug screening, covering the genetic diversity
of patients’ tumors, identifying specific drug-gene interactions,
and providing more possibilities for personalized treatment of
cancer patients. This work is inspiring, showing the powerful
prospects of living organoids biobank in cancer biology research.
Van de Wetering et al. (van de Wetering et al., 2015) successfully
established a living biobank of CRC, including 22 tumor organoid
cultures and 19 normal-adjacent organoid cultures derived from
20 patients. H&E staining of primary tumors and the
corresponding organoids showed that “cystic and solid”-
organization of the epithelium was generally preserved.
Transcriptome analysis of individual organoids showed subtle
differences in gene expression in organoids, confirming their
heterogeneous composition. Genomic characterization
demonstrates that organoids faithfully capture the genomic
features of the primary tumor from which they derive and
much of the genomic diversity of CRC, which also

demonstrates that the gene change spectrum in the “living
Biobank” is very consistent with the previous large-scale
mutation analysis of CRC. RNA analysis indicates organoids
in this living biobank of CRC represent the main molecular
subtype of CRC. It is found that organoids closely
summarized/recapitulated several properties of the original
tumor, which are amenable to high-throughput drug screens
and detect gene-drug associations. Fujii et al. (Fujii et al., 2016)
established a tumor tissue living organoid biobank derived from
55 CRCs patients, including various tumor subtypes. They found
that patients with different subtypes of CRC require different
culture medium. In addition, different tumor mutation
backgrounds need different culture medium components. It
was also found that tumor tissue organoids retain the
pathological characteristics of the original tumor tissue and
can be xenotransplanted under the kidney capsule of
immunodeficient mice. Georgios Vlachogiannis et al.
(Vlachogiannis et al., 2018) used 110 fresh biopsy samples
from 71 metastatic, heavily pretreated colorectal and
gastroesophageal cancer patients recruited in four prospective
phases I/II clinical trials to establish a living organoid biobank of
CRC. Histological evaluation showed significant morphological
similarities between PDOs and the patient biopsies. The
immunohistochemistry markers routinely used in the
diagnosis of CRC indicate that the expression pattern of
patient tumors was still maintained in PDOs. Similarly,
amplification of some oncogenic drivers was retained in
PDOs. Genotypic profiling also revealed a high similarity
between the original patient tumor and PDOs. CRC is a
heterogeneous disease, and the clinical manifestations and

FIGURE 2 | Establishment of colorectal cancer organoids and its application in clinical therapy and biobank. Tumor tissues and normal tissues of a certain number
of colorectal cancer patients are collected to generate PDOs. Next, HE staining, immunohistochemistry, andwhole-genome sequencing analysis are used to confirm that
PDOs have similar histopathological features and genomic features to the original tumors. Part of PDOs can be directly used for drug screening and personalized
medicine. The screening of new drugs always needs a large number of PDOs. Once a new drug appears, it can be used to test the potential activity and toxicity of
new drugs, improving the speed and success rate of new drug development and promoting drug development. The other parts of PDOs can be stored to establish
biobanks. The biobank contains a certain number of patient organoids, and the analysis of PDOs also makes it possible to compare drug sensitivity between individual
patient responses.
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prognoses of patients are different. Now, the treatment strategy
of tumors is very diverse. It also did not turn out to be the
curative effect we expected. The reason why tumors are difficult
to treat is that it is closely related to the heterogeneity of the
tumor. Therefore, it is possible to recapitulate inter- and intra-
tumor heterogeneity through a large number of samples of the
organoid biobank and a related personalized treatment strategy,
which are mainly used to evaluate the application value of
organoids in predicting personalized drug response and
related therapies currently, as well as patient responses in
clinical trials. Organoid biobanks can also be used for gene
editing and other research, the development of new cell therapy
strategies, and the development of new drugs; organoid
biobanks also can be used to quickly verify the efficacy,
safety, and new indications of new drugs and drugs that have
entered the market, conduct research on rare diseases, and carry
out clinical research projects.

Cancer Mechanism Research
CRC organoids can simulate the pathological mechanism of
intestinal malignant tumors and the role of mutations in
different signaling pathways. In the 1990s, Fearon et al.
(Fearon and Vogelstein, 1990) presented a model for the
genetic basis of colorectal neoplasia, and most CRCs follow
this pathway. In this model, malignant tumors occur because
genes change according to the sequence of specific preferences
and the total accumulation of changes, rather than their order
with respect to one another, is responsible for determining the
tumor’s biologic properties. Constitutive activation of Wnt
signaling is usually found in early adenomas, so mutations in
this pathway are thought to cause tumors. Progression to the
cancer stage is related to activating mutations in the EGFR
signaling pathway and subsequent inactivating mutations in
the TGFβ and p53 pathways (Fearon, 2011). Drost et al.
(Drost et al., 2015) knocked out the APC and P53 genes of
organoids through CRISPR-Cas9 and then found that the
deletion of APC and P53 was sufficient to obtain
chromosomal instability and extensive aneuploidy. Fumagalli
et al. (Fumagalli et al., 2017) demonstrated that early deletion
of p53 is beneficial to tumor progression through triple mutation
in human organoids. The initial APC and KRAS mutations drive
effective proliferation and growth, while inactivation mutations
in Smad4 prevent differentiation during tumor progression. After
obtaining APC, KRAS, Smad4, and TP53 gene mutations, the
global translation of intestinal organoids can be strongly
enhanced (Smit et al., 2020). Apc mutation can cause
uncontrolled Wnt activation, leading to tumorigenesis in most
CRC patients (Szvicsek et al., 2019). In intestinal organoids,
PPARD upregulates BMP7/TAK1 signaling to enhance the
activation of β-catenin in intestinal epithelial cells (Liu et al.,
2019), while β-catenin/TCF4 complex activates the expression of
NRF3 mRNA (Aono et al., 2019), both of which promote tumor
progression. Reischmann et al. (Reischmann et al., 2020)
systematically compared the effects of BRAFV600E and
P53R172H alone or in combination on oncogene naive
organoids from the large intestine of knock-in mice and found
that BRAFV600E and p53R172H cooperate in colorectal

carcinogenesis by conferring survival signals, MEK inhibitor
resistance, and invasive properties. BRAFV600E mutant
organoid cultures survived treatment with TGFβ and induced
EMT process (Fessler et al., 2016). P53 loss alone (Takeda et al.,
2019) or QKI-5 (a transcriptional target of P53) decline in
expression (Mukohyama et al., 2019) confers the metastatic
ability to intestinal tumors. Nguyen et al. (Nguyen et al., 2020)
found that ERBB3 (a member of the EGFR) kinase activities
contribute to the outgrowth of epithelial cells under NRG1-β1
exposure, which is usually overexpressed in colon cancers. Hu
et al. (Hu et al., 2020) found that Dachshund homologue 1
reduces the phosphorylation of Smad4 and inhibits the BMP
pathway through its interaction with Smad, thereby promoting
the formation and stemness of CRC organoids. He et al. (Li et al.,
2020) generated paired organoids derived from primary tumors
and matched liver metastases in the same CRC patients and
showed that inducible knockdown of SOX2 attenuated invasion,
proliferation, and liver metastasis outgrowth. In addition to
studying gene mutations in CRC, organoids are also used to
study the role of the tumor microenvironment in tumor
development and metastasis. Tumor growth and degree of
tumors malignancy are differentially regulated by different
fibroblast subtypes under the influence of Wnt signals (Mosa
et al., 2020). Rare pericryptal Ptgs2-expressing fibroblasts
secreting PGE 2 provide a micro-niche conducive to activating
the pro-tumorigenic Yap program in neighboring stem cells
driving tumorigenesis in the presence of mutations (Roulis
et al., 2020). FGFR-inhibition prevents the formation of
organoids in primary CRC cells (Otte et al., 2019). Fibroblast-
derived EVs carry active amphiregulin as EGF activity in the
intestinal stem cell niche (Oszvald et al., 2020a), inducing the
proliferation of CRC cells in EGF-dependent patient-derived
organoids (Oszvald et al., 2020b). Tran et al. (Tran et al.,
2020) proved that glutamine could over-activate Wnt signaling
and prevented cell differentiation, while α-ketoglutamine could
rescue the dryness induced by bottom glutamine and inhibit Wnt
signaling to restore cell differentiation. However, signet ring cell
carcinoma of the large intestine increased the uptake and
breakdown of glutamine by upregulating SLC1A5 and GPT2
(Wang J et al., 2020). Zhao et al. (Zhao et al., 2020) used organoid
models to study the metabolic phenotypes of cancer stem cells
(CSCs) and differentiated cancer cells (non-CSC) in CRC. Then
they found that non-CSC-originated lactate promotes self-
renewal of CSCs and thus contributes to CRC progression.
Besides, CRC organoids are also used to study the mechanism
of tumor treatment. Liang et al. (Liang et al., 2019) found that
Triptolide inhibited the transcription of Pol III by destroying the
formation of TFIIIB, thus inducing the growth arrest of CRC
cells. Buczacki et al. (Buczacki et al., 2018) found that itraconazole
inhibited the Wnt signal through the nonstandard hedgehog
signal, then caused G1 cell cycle arrest, and finally
transformed the cell into global senescence. Deleting the
Fbxw7 in CRC organoids induces a decrease in sensitivity to
5—FU (Lorenzi et al., 2016). Butyrate increases the sensitivity of
CRC organoids to radiation via increasing FOXO3A
transcriptional activity and inducing cell cycle arrest (Park
et al., 2020).
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Drug Screening and Personalized Medicine
Accuracy of Organoids in Predicting Drug Response
As an in vitro individualized preclinical model, organoids have
great potential in drug susceptibility testing of personalized
medicines. At present, drug sensitivity tests have proved the
value of organoids in personalized medicine. However, their
potential in predicting patient clinical outcomes is unclear.
Further prospective studies and clinical validation are needed
to determine the feasibility of organoids.

Chemotherapy and radiotherapy are the standard treatments
for locally advanced or metastatic CRC patients. Cheri A. Pasch
et al. (Pasch et al., 2019) cultured organoids from 90 cancer
patient-derived specimens (colorectal, pancreatic, lung
adenocarcinomas, and so on) to test the sensitivity to
chemotherapy (5-fluorouracil (5FU) and oxaliplatin with
different concentrations) and radiation; the result indicated
that using this technology could prospectively predict the
treatment response of patients with metastatic CRC. PDOs test
predicted the response to biopsy lesions in more than 80% of
patients treated with irinotecan in metastatic CRC patients,
without misclassifying patients who would have benefited from
this treatment. It was indicated that PDOs could be used to
identify nonresponders to standard-of-care chemotherapy in
CRC, thereby preventing CRC patients from undergoing
ineffective irinotecan-based chemotherapy (Ooft et al., 2019).
A living organoids biobank was generated from biopsy samples of
a chemo-refractory metastatic CRC patient. Then they evaluated
the response to FDA-approved therapies, including cetuximab,
regorarenib, and TAS-102. PDOs and matched biopsy samples
carrying KRASG12D and BRAFV600E mutations did not
respond to cetuximab. However, it is interesting that PDOs
with genotypic characteristics did not respond to cetuximab,
which consisted of the patient’s results, indicating the
predictive utility and accuracy (Bradley, 2018). 21 different
rectal cancer (RC) organoids were separately treated with 5-
FU and FOLFOX (a chemotherapy regimen of 5-FU,
leucovorin, and oxaliplatin), and 19 RC organoids were
received radiation treatment. The results showed that the RC
organoids are sensitive to their response to doses of 5-FU and
FOLFOX. They also achieved different sensitivity responses to
radiation, corresponding to clinical chemoradiation responses
(Ganesh et al., 2019). Recently, a blinded study using patients
of stage IV colorectal cancer-derived tumor organoid was
employed to evaluate the predictive accuracy for responses
to chemotherapy regimens (Wang et al., 2021). In this blinded
study, 71 patients met the inclusion criteria, 77 organoids were
successfully established, achieving an 80.21% success rate. It
was found that organoids and metastatic tissue were
remarkably consistent with the original cancer tissue
through identification. H&E staining showed that the
organoid retained the histological characteristics and
marker expression of the original tumor tissue. The results
showed that the sensitivity, specificity, and accuracy of the
tumor organoid model to predict the response of
chemotherapy regimens were 63.33, 94.12, and 79.69%,
respectively. Briefly, the patient-derived organoids can be
used as a predictive model to effectively predict the drug

response of personalized cancer patients and guide the
selection of clinical personalized therapeutic regimens.

Drug Susceptibility Testing and Individualized
Treatment
Drug sensitivity and individualized treatment are the most
mature field of organoid applications. Organoids derived from
patients retain corresponding features of tumors of patients. Its
response to drugs is highly similar to the clinics (Puca et al., 2018).
For patients, the most suitable drug can be quickly detected
through organoids-drug sensitivity testing technology, and the
best and most effective drug treatment plan can be formulated,
reducing drug side effects, the drug resistance, and the probability
of tumor recurrence, thereby obtaining the best therapeutic way.
Organoids especially bring hope to patients with advanced drug
resistance. Organoid models can be used to analyze the causes of
drug resistance to find the next effective treatment strategy.
Moreover, organoids are used for commonly used drugs
sensitivity testing such as chemotherapeutics, targeted drugs,
new antitumor antibody drugs, and for testing radiotherapy
sensitivity in vitro and other therapies.

Cystic fibrosis transmembrane conductance regulator (CFTR)
gene mutation causes CF (Moran, 2017). Using the cystic fibrosis
patient-derived organoids model for drug screening and
individualized treatment (Berkers et al., 2019) is the first
clinical application case of using organoids to guide
individualized medication. Johanna F Dekkers et al. used rectal
organoids derived from CF patients to test the response of
different CFTR-modulating drugs (Dekkers et al., 2016).
Kalydeco was considered highly effective and wonder drug for
CF patients. However, it was expensive and did not work for all
CF patients. Hence, the researchers established intestinal
organoids derived from CF patients to test a person’s response
to kalydeco quickly and efficiently (Saini, 2016). It was finally
determined that the patient population would benefit from
specific types of CFTR-modulating drugs, then developed
individualized treatment plans for patients. At present,
organoid culture has become a routine diagnosis and
treatment procedure for CF patients in the Netherlands. Up to
August, 12 CF patients have been successfully cured by this
method, and this is also the first case of applying the rectal
organoid model to guide clinical treatment.

Georgios Vlachogiannis et al. (Vlachogiannis et al., 2018)
established the patients-derived organoids living biobank and
simulated the treatment response of targeted agents or
chemotherapy of colorectal and gastroesophageal cancers. The
results showed that organoids had a sensitivity of 100%, a
specificity of 93%, a positive predictive value of 88%, and a
negative predictive value of 100% in predicting the
effectiveness of anticancer drugs. It was the first study that
used patient-derived organoids to predict anticancer drug
sensitivity, which indicated that CRC organoids could apply to
drug sensitivity testing and personalized medicine. Pauli et al.
(Pauli et al., 2017) combined the gene mutation data obtained by
whole-genome sequencing of tumors in colon cancer patients
with advanced disease and CRC organoids living biobank to
screen corresponding targeted drugs and explore the effectiveness
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of drug combination applications. The results showed that the
combination of afatinib and vorinostat significantly inhibited
tumor growth in mice transplanted with tumor organoids with
APC mutations, and the tumor volume was only 10% of that
treatment with FOLFOX chemotherapy. Van de Wetering et al.
(van de Wetering et al., 2015) successfully generated a living
biobank of 22 colon cancer organoids. Combined with drug
sensitivity experiments, they observed that IWP-2, a small
molecule inhibitor of the O-acyltransferase Porcupine, has a
strong inhibitory effect on the growth of organoids with
RNF43 mutation. In contrast, the growth of organoids without
RNF43 mutation is not affected. It could be considered a new
target to treat colon cancer. Jarle Bruun et al. (Bruun et al., 2020)
made drug sensitivity testing of 40 clinically relevant drugs and
gene expression profiling with PDOs from 38 CRC liver
metastases of 22 patients. There were significant differences in
the sensitivity of patients to several anticancer drugs that were not
approved for treatment of CRC, antimetabolites (gemcitabine
and methotrexate), and some targeted drugs without clear
genomic markers (alisetidine b and navitoclax) showed greater
heterogeneity in anticancer activity than most approved
chemotherapy drugs.

Drug Discovery
Drugs sensitivity and treatment strategies were tested with the
variety of patient-derived tumor organoids with genetic diversity
and tumor heterogeneity, and the results were highly consistent
with the clinical response of the patient to the corresponding
drugs and treatment strategies (Pauli et al., 2017; Hill et al., 2018;
Lee et al., 2018; Tiriac et al., 2018; Vlachogiannis et al., 2018).
Patients-derived tumor organoids are more sensitive to cytotoxic
drugs and can better predict patient drug safety (Pauli et al., 2017;
Tiriac et al., 2018; Vlachogiannis et al., 2018). Patients-derived
tumor organoids or living biobanks can also be used to screen
efficient antitumor drugs of individuals and even for large-scale
drug screening and discovery. It is an efficient model to screen
and predict effective drugs for patients with tumor in a more
accurate, quick, and safe way.

New Drug Discovery
For new drug discovery, organoids and their living biobanks can
be used as the best models in vitro. Organoids and their living
biobanks can significantly shorten the cycle of preclinical trials,
reduce development costs and risks, increase the success rates,
reverse the current situation that lacks excellent preclinical
models in new drug discovery, and provide the best quality
platform for new drug discovery. Breaking the original new
drug discovery process will be a great benefit for new drug
discovery companies and everyone. Plocabulin is a new marine
original antitumor drug that destroys microtubules and
undergoes phase II clinical trials. SN38 is an active irinotecan
derivative. Alba Costales-Carrera et al. found that the cytotoxicity
of plocabulin was much more efficient than SN38 in CRC
organoids in different passages (Costales-Carrera et al., 2019).
This experiment indicated that plocabulin has intense cytotoxic
action in personalized CRC patient-derived tumor organoids,
providing supplements for plocabulin clinical trials and

accelerating the development of new drugs. In addition,
organoids also have excellent potent in developing cancer
immunotherapies. Patient-derived CRC organoids can be used
to evaluate CAR-mediated cytotoxicity (Schnalzger et al., 2019).
In recent years, many pharmaceutical companies have begun to
invest many resources to build organoid platforms and organoid
biobanks to promote the drug development process.

Drug Repositioning
Drug discovery is a time-consuming, high-investment, high-risk,
and high-failure process in traditional drug development. 90% of
new drugs cannot enter clinical trials because of preclinical data
flaws, and more than a quarter of drugs fail due to lack of efficacy
(Arrowsmith andMiller, 2013; Cook et al., 2014). The reasonmay
be that there are some differences between the preclinical models
used in the development of new drugs and humans. So,
conventional drugs in new use are becoming an attractive
option for cancer therapy. Currently, the success rate of drug
repositioning has accounted for approximately 30% of FDA
newly approved drugs and vaccines. The number of new drugs
approved by the FDA is approximately 40 each year, and the
success rate is less than 6% of new drug development (Pillaiyar
et al., 2020). Daniel Eduardo Gomez et al. (Armando et al., 2020)
summarized drug repositioning of many drugs in oncology, such
as artesunate, auranofin, benzimidazole derivatives. Currently,
there are usually three methods of drug repositioning:
computational methods, biological experimental methods, and
hybrid methods. Organoids and the corresponding human
organs have highly similar histological features, can reflect the
characteristics of the primary tumor, and can accurately predict
the response of drugs. Hengli Tang et al. used organoids to screen
the effect drug from 6,000 compounds with drug repurposing,
which inhibited Zika virus infection and induced neural cell death
(Xu et al., 2016). Suppose tumor organoids or organoid biobanks
will be introduced into drug repositioning for high-throughput
drug screening. In that case, the preclinical data will be more
scientific and practical, significantly increasing the speed of new
drug development and the success rate.

Drug Toxicity and Safety Evaluation
Adverse effects of drugs, especially organ toxicity, are the main
reasons for drug development failure and withdrawal after
marketing (Jamal et al., 2019). The current general cell
screening and animal model screening often cannot accurately
predict adverse reactions in the human body. Drug toxicity
testing is another application of organoid technology to drug
development. Many anticancer drugs mainly cause damage and
toxicity to patients’ vital organs such as the heart, kidney, and
liver (Han et al., 2017). Some drugs with unpredictable toxicity to
the liver cause liver failure in some patients. Drug-induced liver
failure is the main reason for the failure of drugs in clinical trials
(van de Wetering et al., 2015). Human liver organoids were used
to test the toxicity of aspartic acid-coated magnesium oxide
nanoparticles and valproate. These two drugs have toxic
effects on the liver organoids by reducing cell viability,
reducing ATP, and increasing reactive oxygen species (Mekky
et al., 2021). Liver organoids were applied to verify the toxicity of
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drugs that had been withdrawn from the market due to
hepatotoxicity, such as troglitazone, trovafloxacin. The result
indicates that liver organoids, as a potential model, could be
used to test and evaluate drug toxicity (Mun et al., 2019). Kidney
organoids were treated with gentamicin and cisplatin to detect the
toxicity, and the result showed that gentamicin injured proximal
tubules, cisplatin has proximal and distal tubular toxicity
(Morizane et al., 2015). Takasato et al. (Takasato et al., 2015)
also used human kidney organoids to verify the nephrotoxicity of
cisplatin and gentamicin; the results explained the kidney toxicity
of cisplatin and gentamicin. Cells isolated from mouse kidney
tissue were combined with microfluidic techniques to create
kidney organoids with tubular and glomerular structures.
These kidney organoids were used to evaluate the biosafety of
various quantum dots nanomaterials. Black phosphorus quantum
dots have moderate toxicity (He et al., 2020). In addition, heart
organoids also can be used to detect drug cardiotoxicity (Eder
et al., 2016). Dylan J Richards et al. used heart organoids to model
hypoxia-enhanced doxorubicin cardiotoxicity. The result showed
that hypoxic cardiac injury aggravates the cardiotoxicity of
doxorubicin (Richards et al., 2020). Using organoid biobanks,
including large samples to detect the toxicity of drugs, can obtain
more scientific and practical data. The organoid model plays a
vital role in drug toxicity screening.

Regenerative Medicine
Organ transplantation faces the problem of donor shortage and
immune rejection. Researchers have been committed to solving
this problem through regenerative medicine. If the patient’s stem
cells are cultured in vitro to establish organoids and then
transplanted back into the body, which will be an essential
measure to solve this problem. The stem cell population
reproduced from organoids can replace damaged or diseased
tissues, playing a corresponding role. In the future, this
technology also has great potential in regenerative medicine.

A single adult Lgr5+ stem cell can successfully expand into
colon organoids in vitro. Transplanting colonic organoids into
mice models of acute colitis induced by dextran sulfate repairs the
damaged colonic epithelium by integrating it into the mouse
colon to cover the area lacking epithelium due to injury, thereby
repairing its damaged colonic epithelium (Roper et al., 2017). The
transplanted colonic organoids constituted a single-layered
epithelium, self-renewing crypts that normal function and
histology 4 weeks after transplantation, showing the feasibility
of colon stem-cell therapy based on the in vitro expansion of a
single adult colonic stem cell. Sugimoto et al. (Fujii et al., 2020)
established normal human colon organoids, transplanted them
into the submucosa of the mouse colon in situ, and observed their
growth in mice. It was found that the average human colon
organoids are significantly different from that of mouse colonic
crypts after transplantation, which demonstrates the self-renewal
andmultipotency of LGR5+ colonic stem cells in the mouse colon
and reflects corresponding physiological functions that were
generated after colonic organ transplantation. Toshiro Sato
et al. (Lindemans et al., 2015) reported their advanced study
of a new strategy to use organoids to treat intestinal failure.
Integrating intestinal organoids derived from biopsy samples of

children patients into intestinal stents to generate hybrid
intestines (research found that organoids and decellularized
intestinal stents are combined), which can absorb nutrients
and has durability, elasticity, and epithelial lining of the graft.
Surprisingly, it can survive for 2 weeks when transplanted under
the kidney or subcutaneously in mice. It will open a new way to
regenerate patients with intestinal failure. Thierry Jardé et al.
(Jardé et al., 2020) reported that mesenchymal-derived
neuregulin 1 (NRG1) could induce a proliferative gene
signature, promote progenitor cells to form organoids, and
enhance regeneration after injury. NRG1 is an effective
mediator of tissue regeneration and contributes to intestinal
repair therapy following injury by organoids technology.

Human intestinal organoids were applied to the research of
some cytokines on the repair of following intestinal injury,
recombinant interleukin-22 directly targets the intestinal stem
cells, which enhances the growth of mouse and human intestinal
organoids, increases proliferation, and promotes the expansion of
the intestinal stem cells (Lindemans et al., 2015). In addition,
some other organoids with physiological functions of the
corresponding organ were successfully constructed in vitro.
Molly E Kupfer et al. (Kupfer et al., 2020) combined organoid
technology and 3D printing technology to produce a human heart
organoid for the first time that can keep regular operation. Kazuki
Takeishi et al. used human skin cells to induce induced
pluripotent stem cells (iPSC) and successfully created liver
organoids that secrete bile acid and urea like normal livers.
They were transplanted into five rats and generally survived
for 4 days (Takeishi et al., 2020). Transplanting organoids
cultured in vitro back into mice and organoids can cover
damaged or diseased tissues like band-aids and play an
influential role in repairing. These studies are proof of the
concept of potentially revolutionary technology, providing a
glimmer of hope for saving the lives of patients with organ
failure. This technology also has great potential in regenerative
medicine and organ transplantation in the future.

LIMITATIONS AND CHALLENGES

Owing to the development and expansion of the organoid culture
system, organoid research has made significant progress. As a 3D
culture model, organoids are being used in many types of
researches, but its technology still has many limitations and
challenges ahead. There are still many problems that need to
be solved urgently. At present, organoids do not have the
microenvironment of the human body and lack the necessary
components in human tissues, such as the vascular system,
nervous system, and immune system. The construction of a
patient-derived tumor organoid model requires fresh tumor
tissue from the patient. Nevertheless, some fresh tumor
samples are difficult to obtain, such as ovarian cancer. The
culture condition of tumor organoids is varied and complex.
Different tissues of the same patient, even different subtypes, and
the same tissue of different patients are different in culture
conditions. Different laboratories generally use distinct culture
conditions. The results obtained from different laboratories using
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organoids are also different. If different results are received, the
selected drug may not have reasonable specificity, implying the
importance of standardized preparation of tumor organoids. The
problems mentioned above affect the construction efficiency and
success rate of organoids. More reasonable culture methods need
to be further studied. The standardization of organoids, which
contribute to promoting the development of organoids and
benefit human health, are the urgent problems that need to be
solved.

There has been tremendous progress in studying organoids in
the past 10 years, and organoids are being used in many kinds of
research. However, there are still many deficiencies in the early
development stage of organoid technology. On the one hand,
scientists have usually only used iPSC to culture-specific cells and
organs individually. Integrating multiple organs in stem cell
culture is a crucial unsolved challenge. On the other hand,
most intestinal organoids are derived from the intestinal crypt.
The LGR5+ intestinal stem cells (ISCs) are self-renewal stem cells,
which reside at the bottom of the crypt. These ISCs are divided
into transport expanded cells and rapidly proliferating transit-
amplifying (TA) cells. Intestinal epithelial cells, goblet cells, and
intestinal endocrine cells are developed from TA cells (Barker
et al., 2007). Although the crypt can simulate the function of
intestinal organoids in vitro, it lacks vascular, neural, and immune
cells and epithelial (stromal/mesenchymal) cells (Sato et al.,
2009). Clevers et al. also indicated that current organoids have
obvious limitations, such as the absence of innervation, blood
vessels, and immune cells. Therefore, the disease process can only
be partially reproduced (Clevers, 2016). Similarly, intestinal
organoids cannot completely simulate the occurrence and
development of intestinal tumors in the body, such as invasion
and metastasis.

In addition, changes in gene expression are inevitable
during the culture of CRC organoids. CRC is a
heterogeneous disease involving various genomic and
epigenetic changes (Lau et al., 2020). Some articles have
shown that the cloned established cancer cell lines are
highly genetically heterogeneous—the heterogeneity results
from the number of existing subclones and the emergence
of new genetic variations. Genetic heterogeneity leads to
different gene expression patterns, which leads to different
drug sensitivity (Ben-David et al., 2018), and some tumor
organoids may not maintain clonal proliferation. However,
some studies have shown that some mutations in gut organoids
do not affect the differentiation of stem cells (Cao et al., 2015).
Organoids have been genetically and phenotypically stable for
several years by passaging at a ratio of 1:5 per week (Sato and
Clevers, 2013). Heterogeneity and stability are some of the
technical bottlenecks of tumor organoids, and its solution also
requires the establishment of standards.

Matrigel is necessary for organoid culture, which is three-
dimensional lamin and rich in collagen. It is generally impossible
to establish a long-term culture from primary adult tissues
without inducing genetic transformation (Sato and Clevers,
2013). Most of the matrigel used in organoid culture is
animal-derived. In the future, if we transplant organoids into
the human body, it will also involve ethical issues.

At present, drug sensitivity analysis is the most mature
application of organoids. Tumor-tissue specimens from
biopsies, tumor resections, or ascites could be used to culture
patient-derived organoids. Then drug sensitivity analysis is
performed to screen out the most effective drugs to guide
personalized clinical treatment. However, the organoids of
some cancer patients not only grow slowly but also have a low
success rate, especially in some advanced patients and cancers
with a high degree of malignancy. Therefore, as an effective drug-
screening model, it is also worth exploring how to improve
existing organoid construction efficiency and success rate. The
core problem is the lack of standards in the field of organoids. The
multi-model combination also is an alternative solution to these
limitations.

FUTURE DIRECTIONS

The challenges that organoids face today also let us clarify the
future development direction of organoids. Compared with
traditional technology, we always believe that organoids have
their unique advantages, which will significantly promote the
development of basic research and clinical treatment of cancer.
Some researchers have cultured liver organoids with blood vessels
(Sato and Clevers, 2013), and others have migrated neural stem
cells (NCCS) into human intestinal organoids mesenchyme.
NCCs can differentiate into neurons and glial cells, which
support neuronal activity (Workman et al., 2017). Therefore,
we could build organoid models with the tumor
microenvironment, vascular system, and nervous system only
when we overcome these challenges as mentioned above. This
organoid model will be closer to the human body or even build
more efficient multiorgan integration models, combined with
microfluidic technology, gene-editing technology, live-cell
imaging, and other technologies. Organoid technology will
greatly promote human health in the future.

Construct the Tumor Microenvironment
The tumor microenvironment (TME) is the critical factor for
tumor cells to occurrence, growth, proliferation, and metastasis;
meanwhile, it affects the structure, function, and metabolism of
tumor tissue (Hu et al., 2018; Du et al., 2020; Wang R et al., 2020).
More and more evidence shows that the malignant behavior of
cancer is caused by cancer cells and is fundamentally affected by
the activity of the cancer stroma which includes various
mesenchymal cells, especially fibroblasts, myofibroblasts,
endocrinocytes, pericytes, inflammatory cells, and extracellular
matrix. Moreover, researches also showed that the malignant of
cancer cells is controlled by the microenvironment through
various mechanisms (Yuan et al., 2016; Bu et al., 2019).
Stromal cells can support tumor growth, metastasis, and drug
resistance (Lau et al., 2020). For colon cancer cells, the
extracellular matrix can promote the growth of colon cancer
cells and blood vessels (Romero-López et al., 2017). The vast
heterogeneity within cell types of the TME critically affects
treatment responses (Junttila and de Sauvage, 2013). In terms
of drug research and development, the interaction between cancer
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cells and stromal cells can enhance the responsiveness of cancer
cells to the drugs and contribute to drug resistance (McMillin
et al., 2010). Cocultivation of organoids with other types of cells is a
new research hotspot in organoids in recent years, including
immune cells, tumor cells, intestinal cells, and mesenchymal
cells, which provides another way to simulate the better
development of tumor organoids. Currently, two methods can
be used to construct a tumor immune microenvironment in
organoids, and native immune TME can be simulated by PDO
gas-liquid interface (ALI) or PDO tumormicrofluidic device. TME
can be reconstructed by adding a purified immune population to
submerged tumor epithelial organoids. Organoid established by the
method of ALI builds TME retains tumor parenchyma and stroma
of primary tissues and contains tumor-specific tumor-infiltrating
lymphocyte populations. In addition, both mouse and human
tumor tissues have verified that ALI-PDOs can restore PD-1-
dependent immune checkpoints. Building a personalized
organoid model with TME could contribute to a better tumor
immunotherapy (Neal et al., 2018). Krijn K Dijkstra et al.
demonstrate that cocultures of autologous tumor organoids and
peripheral blood lymphocytes can enrich tumor-reactive T cells
from peripheral blood of patients with mismatch repair-deficient
CRC and non-small-cell lung cancer. Moreover, these T cells can
also be used to evaluate the efficiency of killing matched tumor
organoids (Dijkstra et al., 2018). Chiara M. Cattaneo et al.
performed an initial coculture of 2 weeks of tumor organoids
and autologous peripheral blood lymphocytes from patients
with nonsmall cell lung cancer (NSCLC) and microsatellite
unstable CRC. They found that tumor-reactive CD8+ T-cell
populations can be tested from 33 to 50% of samples from
patients. In addition, the evaluation of tumor-reactive T-cell
function found that it was possible to establish an ex vivo test
system for T-cell-based immunotherapy at the level of an
individual patient (Cattaneo et al., 2020). Mouse colon cancer
organoids are cocultured with adipocytes, and the result indicates
that adipocytes in the TME serve as an energy provider and a
metabolic regulator to promote the growth and survival of colon
cancer cells (Wen et al., 2017). In addition, a microfluidic chip is
also a way to generate the TME. Hypoxia is an essential feature of
the tumor microenvironment. Lulu Zheng et al. have developed a
microfluidic chip that involves lung cancer and liver organoids. By
precisely regulating the oxygen concentration in each chamber and
monitoring the oxygen concentration level with sensors on the
chip, the anoxic environment is achieved in the lung tumor
organoids chamber of the upstream. The downstream chamber
imitates the oxygen environment of the normal liver organoids,
which realizes the cancer metastasis induced by the oxygen-
deficient environment on the chip and can be used to the
antitumor drug screening under the oxygen-deficient
environment (Zheng et al., 2021). More and more tumor
organoids generate the TME by microfluidic chips and
coculture technology. Organoid, an in vitro tumor model, will
be applied increasingly to simulate in vivo tumors.

Vascularization Research in Organoids
To a certain extent, organoids can reproduce the specific 3D
structure and certain physiological functions of tissues or organs

in the human body and show their unique advantages in many
aspects, so many researchers are pinning their hopes on the new
technology. However, the currently cultivated organoids cannot
wholly simulate actual tissues and organs regardless of their
shape, size, or physiological functions; it can only simulate
tissues and organs in the human body under impact to a
certain extent. At present, organoids cultured in vitro often
lack effective blood vessels. In the process of organoid culture,
as the volume of organoids increases, hypoxia and accumulation
of metabolic waste products will lead to cell apoptosis. The
vascularization of organoids has always been a hot and
challenging point in organoid research, which is one of the
major bottlenecks in organoid culture technology, which is
also related to the development of organoids in the future.

At present, only a few types of vascularized organoids have
been successfully produced, such as brain organoids (Mansour
et al., 2018; Pham et al., 2018; Cakir et al., 2019; Shi Y. et al., 2020;
Ham et al., 2020), liver organoids (Baptista et al., 2011; Rennert
et al., 2015), pancreatic organoids (Choi et al., 2021), kidney
organoids (Choi et al., 2021), and intestinal organoids (Holloway
et al., 2020). Endothelial cells play essential roles in angiogenesis,
vascular and tissue remodeling (Shu et al., 2014). However, adult
endothelial cells do not vascularize tissues in an organotypic
manner. Brisa Palikuqi et al. transiently reactivated embryonic
restricted ETS variant transcription factor 2 (ETV2) immature
human endothelial cells cultured in a serum-free 3Dmatrix. Then
they reset these endothelial cells to adaptive angiogenic cells,
which form perfusable and plastic vascular plexi. The “reset”
vascular endothelial cells (R-VECs) vascularize the
decellularization of rat intestines and arborize colon organoids
of healthily or cancer patients (Palikuqi et al., 2020). Continuous
delivery of VEGF will upregulate microvasculature and epithelial
proliferation in the tissue-engineered intestine (Rocha et al.,
2008). Emily M. Holloway et al. found that a population of
endothelial cells (ECs) present early in human pluripotent
stem cell (hPSC)-derived intestinal organoids (HIO)
differentiation that declines over time in culture. Recently,
they added EGF, VEGF, BFGF, and BMP-4, and other
cytokines to the culture system based on conventional
intestinal organoid culture methods to induce co-
differentiation of endogenous ECs to form vascularized small
intestinal organoids (vHIOs) (Holloway et al., 2020). After several
weeks of culture in vitro, immunofluorescence assay results
showed many CD31/CD144 double-positive ECs cells in the
interstitium of vHIOs, which confirmed the enrichment of
endogenous ECs. Moreover, ECs can survive for 2 months in
the culture system. Shravanthi Rajasekar et al. designed a
microfluidic platform named IFlowPlate, which successfully
cocultured patient-derived colon organoids in a network of
self-assembled vascular by optimizing the extracellular matrix
(ECM) and formulation of culture media. This platform can be
used to culture up to 128 isolated perfused and vascularized colon
organoids in vitro. A colon inflammation model with the innate
immune function was developed using this platform. The
IFlowPlate platform also opens up new possibilities for
screening potential therapeutic targets or modeling-related
diseases based on the ability to grow vascularized colon
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organoids with intravascular perfusion (Rajasekar et al., 2020).
Blood vessels are critical for the construction of atherosclerosis
models. iPSC-derived cells are loaded into microfluidic devices
and exposed to atherosclerotic stimuli to mimic
atherosclerosis and build the atherosclerosis model in vitro.
The study is the first to simulate the development of
arteriosclerosis plaques in vitro fully (Mallone et al., 2021).
The decisive factors of organoid angiogenesis are not apparent,
but the conditions and culture with different organoids.
Microfluidics may be a solution for the vascularization of
organoids. The vascularization of organoids needs further
research. As researchers continue to deepen, scientists will
successfully construct organoids with blood vessels
in vitro soon.

Restructuring Intestinal Flora
There is a dynamic balance between intestinal microbes and
human immune cells. Once the balance of intestinal flora is
broken, it will cause a series of inflammatory reactions and
immune system diseases and even lead to cancer. The
composition and functional status of different members of the
microbial community can modulate or even control cancer
initiation, progression, comorbidity, and response to therapy
(Dzutsev et al., 2017). It has been shown that some intestinal
microorganisms can promote or inhibit the development of
intestinal tumors (Tilg et al., 2018). Studies have shown that
Enterococcus faecalis, Streptococcus bovis, and Fusobacterium in
patients with CRC are significantly higher than in normal persons
(Kramer and Genco, 2017). Preoperative supplementation of
viable Bifidobacteria for patients with CRC can reconstruct the
balance of intestinal flora and reduce infection complications of
surgery (Zhang et al., 2010). Inosine is a metabolite of
Bifidobacterium pseudolongum, Lactobacillus johnsonii, and
Olsenella, which can effectively activate the antitumor T cells,
shrink the volume of tumors, and even eliminate all CRC cells in
some cases (Mager et al., 2020). In addition, intestinal flora also
affects the efficiency of chemotherapy and radiotherapy (Iida
et al., 2013; Touchefeu et al., 2014). In short, the intestinal flora
plays a vital role in the occurrence, development, and treatment of
CRC. InsP3, a microbiota-derived metabolite, induced growth of
intestinal organoids derived from human tissue, facilitated the
repair of intestinal damage, promoted the HDAC3 activity in the
gut, stimulated HDAC3-dependent proliferation, and countered
butyrate inhibition to colonic growth (Wu et al., 2020). Human
intestinal organoids were repeatedly injected with genotoxic
pks+Escherichia coli culture for 5 months (Pleguezuelos-
Manzano et al., 2020). Whole-genome sequencing of clonal
organoids was performed before and after this exposure of
isogenic pks-mutant bacteria and revealed the distinct
mutational signature absent from organoids injected with
isogenic pks-mutant bacteria. Human ileal organoids grown
under four different culture conditions were exposed to SARS-
CoV and SARS-CoV-2 with the multiplicity of infection. Then
they harvested these samples at multiple time points postinfection
and performed related tests, and they found that enterocytes were
more easily infected by SARS-CoV and SARS-CoV-2 (Lamers
et al., 2020).

The Integration of Multiple Organs
The human body is an organic whole, and there are information
transmission and a number of interactions between cells, tissues,
and organs (Xu et al., 2019). For a long time, scientists could only
cultivate a particular type of organoids, and the integration of
multiple organs is a crucial challenge in organoid research.
However, organoids are used as an in vitro model to better
human health and make research results more accurate and
reliable. Moreover, the integration of multiple organoid
models is a trend in the future. Remarkably, it is for the first
time forms the boundary interactions between the anterior and
posterior gut spheroids, differentiated from human pluripotent
stem cells and enabled autonomous emergence of three kinds of
interconnected organoids domains specified at the foregut-
midgut boundary without the absence of supplement of
extrinsic factor, including liver, pancreas, and bile duct (Koike
et al., 2019). The microfluidic chip can also be used for the
construction of multi-organoid models. The microfluidic chip of
lung tumor organoids and liver organoids linkage model has been
successfully constructed and conducted drug screening at a multi-
organ level (Zheng et al., 2021). In the future, further studies are
needed for the integration model of multiple organoids, which
will better contribute to the development of new drugs and drug
toxicology.

Combination With Other Cutting-Edge
Biomedical Technologies
Organoids can be combined with other cutting-edge biomedical
technologies to display its better properties in different
researches. Organoids can be combined with microfluidic
technology to imitate the vivo tumor microenvironment
(Schuster et al., 2020). Organoids and organ chip technology
(Park et al., 2019; Cong et al., 2020) can be used together to mimic
the microenvironment of organoids and establish mutual
relationships between tissues and multiple organs, and it also
can reduce the randomness and variability in the culture process.
Furthermore, it was reported that organoids coupled with the
microfluidic chip technology to get meaningful drug responses
within a week, which is a good way for saving time, enabling
patients to receive effective treatment earlier, and prolonging life
(Hu et al., 2021). Organoids can be combined with live-cell
imaging technology (Bolhaqueiro et al., 2019) to study the
biological mechanism by monitoring the process. Organoids
also can be combined with single-cell technology (Chen et al.,
2018; Wang Y et al., 2020) to identify whether tumor organoids
can summarize the heterogeneity of tumor patients and
understand the occurrence and development of diseases
through organoid models. In addition, organoids can be
combined with CRISPR gene-editing technology (Roper et al.,
2017; Artegiani et al., 2020; Ringel et al., 2020). This efficient
organoid gene-editing system can be used to study the molecular
mechanism of colon cancer development, quickly characterize
cancer-related genes in vivo, reproduce the entire process of
tumor progression and metastasis, and study its mechanism.
Organoids can also be used with high-content imaging
technology to study the mechanism of drug action

Frontiers in Cell and Developmental Biology | www.frontiersin.org February 2022 | Volume 10 | Article 81506713

Luo et al. Organoids and Colorectal Cancer

https://www.frontiersin.org/journals/cell-and-developmental-biology
www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles


(Brandenberg et al., 2020) and evaluate the liver toxicity of drugs
(Joshi et al., 2018; Peel et al., 2019). David A Sinclair et al. used
liver organoids that infected with SARS-CoV-2 and artificial
intelligence (AI) to prove that Baricitinib can improve the
condition of four COVID-19 patients (Schultz et al., 2020). AI
analysis is introduced into organoids to assess drug effects and
new drug development (Abdul et al., 2020). Organoid technology,
microfluidics, and 3D printing technology are combined to
quickly establish an automated organoid platform, which is
expected to meet the goal of one-week high-throughput
screening of drugs for cancer patients in 1 week and
personalized medicine (Jiang W et al., 2020). Organoids have
broad prospects; it can be used in conjunction with cutting-edge
biomedical technologies and can play a better role in research.

Organoid Standardization
With the rapid development of organoid technology, the
standardization of organoids urgently needs to be solved.
There are some problems in the organoid culture process,
which will affect the application and the development of
organoid technology. Therefore, we mainly discuss the
standardization of organoids from the aspects of Matrigel,
maturation of organoids in vitro, standardization of operating
procedures, and organoid definitions.

Matrigel, a tumor-derived extracellular matrix with 3D lamin
and rich in collagen, is necessary for organoid culture. Most of the
Matrigel used to organoids culture is animal-derived. In the
future, if we transplant organoids into the human body, it will
also involve ethical issues. Victor Hernandez-Gordillo et al.
completely synthetic a new tumor-derived extracellular matrix
for in vitro culture of primary human intestinal enteroids and
endometrial organoids. They found that this new Matrigel could
improve reproducibility, clarify mechanistic phenomena, and
enable human implantation of organoids (Hernandez-Gordillo
et al., 2020). The application of organoids in regenerative
medicine is considered to be very promising. For this purpose,
changes in Matrigel are also essential. However, the organoids of
some cancer patients not only grow slowly but also have a low
success rate, especially in some advanced patients and cancers
with a high degree of malignancy.

Some scientists have conducted related research regarding the
mentioned problems about the maturation of organoids in vitro.
It is demonstrated that uniaxial strain induces the growth and
maturation of human intestinal organoids transplanted into
mouse mesentery by compressed nitinol springs (Poling et al.,
2018). Kwang Bo Jung et al. showed that coculture with human T
lymphocytes could induce the in vitro maturation of human
intestinal organoids and determined that interleukin 2 (IL-2)
activates STAT3 as the main factor inducing maturation.
Moreover, the matured human intestinal organoids in vitro
still maintain their mature state after in vivo engraftment
(Jung et al., 2018).

With the widespread application of organoids in life sciences,
the standardization of organoids urgently needs to be resolved.
First, the definition of organoids needs to be standardized. Some
articles use “organoids,” but do not meet the definition of the
organoid. The paper published in the New England Journal of

Medicine gave a very classic definition, so that misuse should be
avoided while using in the future. Notably, certain researchers have
confused the concepts of tumor spheroids and organoids, who
describe organoids in place of tumor spheroids in their studies.

Most of the published organoid culture operation processes
need a conditioned medium. The composition of the medium
may vary from batch to batch, while commercial culture can
provide quality control of the culture medium and ensure stability
between different batches. Therefore, try to use a commercial
culture medium for organoid culture to improve repeatability and
stability. There has always been a problem with experiments’
reproducibility within and between laboratories in the process of
organoid culture. The difference in experimental methods,
different manufacturers of experimental materials, and
differences between batches are considered the main reason
that affects experimental reproducibility. Hans Clevers pointed
out that the field of organoids is highly dependent on complex
experimental sequences. However, it is found that many studies
refer to the first CRC organoid culture method that Hans Clevers
wrote in 2011 by the literature survey on CRC organoid culture
(Sato et al., 2011). On this basis, some minor adjustments have
been made. Is it possible to conduct standardized research on
CRC organoids based on this classic document?

Regarding the standardization of organoids, Lancaster said
that “Sometimes standardization is important, but it can also be
constraining on what you can learn if you cannot play around
with your culture conditions.” Nature Research has updated the
Protocols Exchange (https://protocolexchange.researchsquare.
com/browse/journal/protocol-exchange), which provides a
platform for researchers to exchange, discuss, and learn about
the experimental procedures that are included in the publication.
Many scientists believe that improving standardization is an
important step to expand the clinical application of this
technology. At present, organoids are mainly applied in
personalized clinical medicine, and organoid culture is carried
out for different patients to select the most suitable drug for
treatment. Different patients’ organoid culture requires different
conditions. Currently, standardization may limit the application
of organoids in personalized medicine. We think the
standardization of organoids should be the standardization of
different situations, not a generalization. Although there is no
consensus on the standardization of organoids, some results have
been achieved. We and other peers are looking forward to solving
these problems in future studies.

CONCLUSION

In summary, CRC organoids provide excellent opportunities to
study human CRC, breaking the limitations of the previous
clinical and laboratory research and showing a broad
application prospect. Human CRC organoids further our
fundamental understanding of CRC occurrence and
development, biology, and disease, promising tools for a wide
range of biomedical applications, from disease modeling to drug
screen and personalized medicine. Organoids are the bridge that
connects clinical and scientific research by using organoids to
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study urgently needed problems in clinical cancer treatment and
translating research results in clinical applications, which will better
benefit human health. At present, CRC organoids derived fromCRC
patients were used for drug screening and guiding clinicians to
individual treatment of patients, which has saved and could prolong
the lives of CRC patients, especially the patients with advanced CRC.
CRC has become an enormous factor threatening human health all
over theworld. In the future, organoids will still facemany enormous
challenges. The solution to these problems will require a
multidisciplinary approach, so biologists, clinicians, and
bioengineers need to work closely to explore many scientific
problems of CRC further. The CRC organoid is used as an
in vitro model. This model effectively combines the basic
research and clinical treatment of CRC, breaking the original
CRC treatment way, making the treatment of CRC patients enter
the era of personalized medicine genuinely, and providing hope of
life for more CRC patients. At present, the use of organoids derived
from CRC patients for drug screening and guiding clinicians to
individualized treatment of patients has saved the lives of some
people, especially patients with advanced CRC.
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