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BACKGROUND:  Colorectal cancer and IBD account 
for a large portion of the practice of colorectal surgery. 
Historical research models have provided insights into 
the underlying causes of these diseases but come with 
many limitations.

OBJECTIVE:  The aim of this study was to systematically 
review the literature regarding the advantage of organoid 
models in modeling benign and malignant colorectal 
pathology.

DATA SOURCES:  Sources included PubMed, Ovid-
Medline, and Ovid Embase

STUDY SELECTION:  Two reviewers completed a 
systematic review of the literature between January 2006 

and January of 2020 for studies related to colon and 
intestinal organoids. Reviews, commentaries, protocols, 
and studies not performed in humans or mice were 
excluded.

RESULTS:  A total of 73 articles were included. 
Organoid models of colorectal disease have been 
rising in popularity to further elucidate the genetic, 
transcriptomic, and treatment response of these 
diseases at the individual level. Increasingly complex 
models utilizing coculture techniques are being rapidly 
developed that allow in vitro recapitulation of the disease 
microenvironment.

LIMITATIONS:  This review is only qualitative, and the lack 
of well utilized nomenclature in the organoid community 
may have resulted in the exclusion of articles.

CONCLUSIONS:  Historical disease models including 
cell lines, patient-derived tumor xenografts, and 
animal models have created a strong foundation for 
our understanding of colorectal pathology. Recent 
advances in 3-dimensional cell cultures, in the form 
of patient-derived epithelial organoids and induced 
human intestinal organoids have opened a new avenue 
for high-resolution analysis of pathology at the level of 
an individual patient. Recent research has shown the 
potential of organoids as a tool for personalized medicine 
with their ability to retain patient characteristics, 
including treatment response.

KEY WORDS:   Colorectal cancer; Inflammatory bowel 
disease; Organoids; Personalized medicine.

Of the diseases that colorectal surgeons treat, both co-
lorectal cancer (CRC) and IBD account for a dom-
inant portion of our practice. Colorectal cancer 

continues to grow in prevalence worldwide; it now accounts 
for about 1 in every 10 cancers,1 constituting the second 
most common malignancy in the world and the third most 
common malignancy in the United States.2 Despite nu-
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merous scientific advances and an increasing number of 
therapeutics, more than 700,000 deaths occur annually in 
the world.3 Inflammatory bowel disease primarily refers to 
2 types of chronic relapsing-remitting inflammatory disor-
ders of the bowel, Crohn’s disease and ulcerative colitis. An 
estimated 3.0 million Americans currently have IBD, result-
ing in significant morbidity and financial burden to patients 
and the health care system4 despite the advances in medical 
therapies that have decreased the need for surgical treat-
ment over the past 6 decades.5

Historically, IBD research has used mouse models 
of disease that are derived through chemical and genetic 
transformation and bulk tissue analysis.6 Since the discov-
ery that intestinal stem cells could be cultured, there has 
been a large shift toward the derivation and use of patient 
samples to advance research into the treatment and path-
ogenesis of IBD. For both CRC and IBD, because disease 
heterogeneity is now recognized at the cellular and molecu-
lar levels, clinical and basic science investigators are seeking 
patient-derived models that 1) more closely mimic disease 
pathology and can be analyzed at the cellular, molecular, 
and functional levels and 2) are used as avatars or represen-
tations of the human tissue from which it was derived to i-

dentify and test patient biomarkers and potential individual 
patient responses to therapy (Fig. 1). Development of the 
3-dimensional intestinal organoid has advanced to the stage 
that it has the potential to meet these challenges. Herein, we 
summarize the history of intestinal models used for these 
purposes, then introduce the organoid as a new model that 
will obviate many of the challenges to analyzing the biology 
of both CRC and IBD. Therefore, to allow for a thorough 
appraisal of the literature, we will use “Are patient-derived 
organoids an improvement over current technologies for 
recapitulating patient disease and treatment response” as 
the overarching question driving this review.

MATERIALS AND METHODS

This review was designed and performed in accordance 
with the Preferred Reporting Items for Systematic Review 
and Meta-Analyses.7

Search Strategy and Eligibility
A search was constructed using PubMed, Ovid-MED-
LINE, and Ovid Embase from January 1, 2006 to Janu-
ary 15, 2020 to identify research articles related to colon 
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FIGURE 1.  PRISMA flow diagram. 4943 articles were identified using the terms organoid, colonoid, enteroid, or spheroid, as well as colon, 
intestine, and intestinal (Supplemental Figure 1 http://links.lww.com/DCR/B337). Following deduplication, 3637 unique articles were identified 
for further review. 3370 articles were screened by reviewing the title and abstract, resulting in 267 full-text research articles that were assessed. 
Of these, 73 articles were found to be appropriate for inclusion in our review.
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or intestinal organoids. The search terms utilized were 
organoid, spheroid, colonoid, intestine and colon. For 
PubMed and Ovid-Medline, a combination of MeSH 
terms and keywords were used, whereas, for Embase, 
subject headings were utilized along with keywords. For 
all databases the explode function was utilized where 
appropriate. Our search strategy is outlined in Supple-
mental Figure 1 http://links.lww.com/DCR/B337. The 
references of the included articles were also queried for 
additional articles that may not have been discovered in 
the initial search.

Study Selection
Reviews, commentaries, protocols, and studies not per-
formed in humans or mice were excluded. Two reviewers 
(R.K.D. and E.H.H.) screened PubMed, Ovid-MEDLINE 
and Embase records based on titles with subsequent ab-
stract review following removal of those articles not ap-
plicable to the above search. The full search strategy is 
included in Supplemental Figure 1 http://links.lww.com/
DCR/B337. The remaining full-text articles were reviewed, 
and articles not focused on organoids or organoid models 
of colorectal pathology were removed (Fig. 1).

Historical Models
Conventionally, investigation of CRC pathogenesis relies 
on tissue analysis of the stages of the adenoma-to-carci-
noma transition during which normal epithelium evolves 
to adenoma and eventually to carcinoma through a se-
quence of acquired genetic alterations in the APC,1 K-RAS, 
DCC, and TP53 genes.8 Throughout the 1990s and early 
2000s, much of the experimental work regarding CRC was 
performed using 3 models: 1) animal cancer models, 2) 
cancer cell lines, or 3) patient-derived tumor xenografts 
(PDTXs). Animal cancer models have served the cancer 
research community well, with numerous genetic (genet-
ically engineered mice) and chemical models of CRC that 
have allowed us to delineate many of the basic alterations 
that occur between benign and malignant tissue. Unfortu-
nately, these models are costly and time consuming, and 
they fail to recapitulate the complex pathologic processes 
seen in human patients.9,10

One of the most frequently used tools in cancer re-
search is cancer cell lines. These are derived from primary 
patient tissue and adapted to 2-dimensional culture for 
use worldwide. Over the course of decades, these have ad-
vanced our understanding of cancer genetics, epigenetics, 
molecular, and cell biology. However, they have numerous 
limitations, including the loss of tissue heterogeneity from 
the primary tumor and an absence of matched healthy con-
trol lines. The most frequently used and well-characterized 
colon cancer cell lines are HCT-116, HT-29, and SW480, 
but many others including cell lines derived from lymph 
nodes and metastatic disease exist.11 The PDTX model is 

generated by transplanting a fresh patient-derived tissue 
sample either subcutaneously or orthotopically in an im-
munocompromised mouse. Patient-derived tumor xeno-
grafts models allow for in vivo preclinical testing of novel 
cancer therapies. Despite the advantages provided by in 
vivo implantation, the recapitulation of the normal tumor 
microenvironment is limited, because immunocompro-
mised mice must be used. As with other mouse models, 
the PDTX model is also limited by expense, technical chal-
lenges, and resource consumption, as well as the presence 
of mouse-specific tissue changes.12

Inflammatory bowel disease research primarily has 
used animal models, as no current standard cell lines re-
flect any stage of IBD. Broadly, these animal models are ei-
ther genetic or chemical models of inflammation. Genetic 
models of IBD include the interleukin-10 (IL-10) null 
mouse, the Winnie mouse (MUC –/–), and the Samp/Yit 
mouse. Interleukin-10 is required to maintain immune 
homeostasis throughout the GI tract, and knocking out 
the IL-10 gene leads to induction of spontaneous colitis 
and increased sensitivity to infectious, drug-induced, or 
autoimmune colitis.13 N-Ethyl-N-nitrosourea-induced 
mutagenesis screening produces a phenotype of watery 
diarrhea and rectal bleeding arising from a MUC2 mu-
tation. This mouse strain was named the Winnie mouse 
and shows a phenotype of mild spontaneous ulcerative 
colitis.14 Unlike the IL-10 null and Muc2 mouse that have 
specific single-gene mutations, the Samp/Yit mouse arose 
from the accumulation of mutations during breeding that 
has led to a phenotype of chronic intestinal inflamma-
tion with skip lesions localizing to the ileum and cecum.15 
Further breeding of this strain led to the development 
of the SAMP1/YitFc mouse that has a phenotype even 
more similar to Crohn’s disease, including perianal fis-
tulizing disease and intestinal structuring.16 Recently, 
increased efficacy and decreased off-target effects have 
been achieved in genetically engineered mouse models 
of IBD via the use of Clustered Regularly Interspaced 
Short Palindromic Repeats (CRISPR)- associated pro-
tein 9 (Cas9).17 Chemical mouse models of colitis vary, 
with the most widely used being dextran sulfate sodium 
(DSS) added to animals’ drinking water.18 Dextran sul-
fate sodium induces an acute chemical colitis in mice that 
leads to diarrhea, hematochezia, and weight loss within 6 
to 10 days with concomitant histopathologic changes, in-
cluding erosions and crypt abscesses. With recurrent DSS 
administration, colitis-associated cancer will develop in 
about 10% of mice.19 Building on this work, azoxymeth-
ane, a procarcinogen that becomes an alkylating agent in 
the host, induces colitis-associated cancer in rodents re-
ceiving DSS over several weeks.20 Although these models 
have provided insight into the underlying genetics of IBD, 
they remain extremely limited because they do not reca-
pitulate either the human immune system or the intesti-
nal microbiome.

http://links.lww.com/DCR/B337
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In Vitro Models of Intestinal Stem Cells 
and the Rise of Organoids
In the early 1990s, Evans and colleagues21 developed one 
of the first methods to grow rat intestinal epithelial cells 
2-dimensionally in culture. Unfortunately, these cells were 
only stable in culture for about 14 days before they became 
senescent. Significant progress was made in the following 
years regarding the physiologic signaling pathways, prima-
rily Wnt, in the proliferation and maintenance of intesti-
nal epithelia.22,23 Several other studies outlined the roles of 
other various factors in the maintenance and differentia-
tion of epithelial cell lineages including noggin, bone mor-
phogenetic protein, and other growth factors.24,25

In 2007, Barker et al26 discovered Lgr5 as a marker 
of intestinal stem cells and showed that these were capa-
ble of differentiating into the cell types that make up the 
intestinal villus. Building on this work, a method for iso-
lating and maintaining Lgr5+ intestinal stem cells was de-
veloped that has led to an explosion of novel research.27 
Further characterization of Lgr5 stem cells revealed that 
that they are found at the bottom of crypts between termi-

nally differentiated Paneth cells producing lysozyme and 
defensins. These characteristics held true for both mouse 
and human small intestine, as well as in colonic adeno-
mas with Lgr5+ cells associating with CD24(+) cells, which 
represents the colonic functional equivalent of small intes-
tinal Paneth cells and thus setting the stage for the devel-
opment of organoid models (Fig. 2).28 Along with normal 
tissue, several potential cancer stem cell markers have been 
identified, including CD133 (PROM1), CD44, or aldehyde 
dehydrogenase, which demonstrate the hallmark stem cell 
characteristic of self-renewal (Fig. 3).29–33

Organoids are defined as a part of a given organ that is 
able to replicate in 3-dimensional culture a structure sim-
ilar in structure and function to the tissue from which it is 
derived.34–36 Culturing technique has become more refined 
since the landmark study of Barker et al,26 but the primary 
components of organoid culture, Matrigel, a solubilized 
basement membrane protein derived from Engelbreth-
Holm-Swarm mouse sarcoma that serves as an extracel-
lular matrix, and the growth factors Wnt3A, R-Spondin, 
and Noggin, remain integral to the successful prolonged 

FIGURE 2.  Organoid generation. A, B, Specimens are obtained from patients via either surgical resection or endoscopic biopsy. Specimens as 
small as 1 mm3 have been used to obtain viable organoids. C, The organoids generated will recapitulate the phenotype of the tissue sampled, 
be it normal, colitic, or malignant. The organoids can be used for various downstream analyses, including drug screening, genomic analysis, 
transcriptional analysis, or to derive a patient avatar that allows the testing of varying treatment strategies for either IBD or malignancy on 
patient-specific samples. D, Induced human intestinal organoids can be generated from colon fibroblast, skin fibroblast, or blood. Sendai virus 
containing the Yamanaka factors is used to reprogram the differentiated cell back to a pluripotent state. Through treatment with a series of 
various factors, induced pluripotent stem cells (IPSCs) undergo directed differentiation to definitive endoderm, then buds, and finally progress 
to an induced human intestinal organoid. EGF = epidermal growth factor; FGF = fibroblast growth factor; iHIO = induced human intestinal 
organoid.



DISEASES OF THE COLON & RECTUM VOLUME 63: 11 (2020) 1563

culture of intestinal epithelial cells.37–40 As shown in Fig-
ure 2, the models generated by Barker et al are limited to 
the expression of intestinal epithelia.41 These epithelial 
organoids can be used to study biology, including signal-
ing pathways and molecular inhibitors (Fig. 2). Some re-
searchers have also utilized an air-liquid interface system 
that increases cell viability due to improved oxygenation.42 
This culturing system was recently shown to recapitulate 
“homeostasis-injury-regeneration” cycles of epithelial al-
terations that occur in vivo through hypoxia and endo-
plasmic reticulum stress like those seen in IBD.43 Using 
other novel technologies, some groups have combined the 
use of decellularized human colon with epithelial organ-
oids derived from normal human tissue to assess genetic 
drivers of CRC invasion and progression.44

Their genomic and phenotypic stability along with 
the ability to undergo prolonged culture allows organoids 
to be used to investigate cancer biology in ways that pre-
viously were both technologically and financially nearly 
impossible. The adenoma-to-carcinoma pathway has 
been well documented, but CRISPR-Cas9 editing of ep-
ithelial organoids has led to new insights. CRISPR-Cas9 
has been used to generate mutant organoids harboring 
the most common modifications to APC, p53, KRAS, and 
SMAD4.45–48 When xenografted into mice, these quad-
ruple mutant epithelial organoids develop into invasive 
carcinomas.45 Similarly, cancer organoids can be used to 
recapitulate the accumulated mutations seen in mismatch 
repair-deficient CRC.49 Similar methodology has been 

applied to analyze the development of tumor metastasis. 
CRISPR-Cas9-modified organoids implanted into mice 
revealed that the metastatic potential of CRC required 
mutations in each of the genes p53, KRAS, APC, and 
SMAD4.50

Concurrent with the derivation of epithelial organ-
oids based on intestinal stem cells, several other groups 
focused on using induced pluripotent stem cells to derive 
intestinal and colonic organoids (induced human intesti-
nal organoids) (Fig. 2D). Unlike epithelial cell organoids, 
these have the advantage of possessing all 3 germ layers 
with mesoderm and nonfunctioning ectoderm arising 
during the generation of definitive endoderm in the tra-
ditional model (Figs. 2D and 4).51,52 Recently, the absence 
of an enteric nervous system has been overcome by suc-
cessfully coculturing human pluripotent stem cell-derived 
neural crest cells and induced human intestinal organoids, 
opening a new frontier to further study the physiologic 
function of the GI tract.53 Along with study of the enteric 
nervous system, induced human intestinal organoids have 
been leveraged to further elucidate the role of the meso-
derm, in particular, myofibroblasts, in the intestinal fibro-
sis that may occur in IBD.54

Organoid Bio-Banking and the Future 
of Personalized Medicine
A principal advantage of organoid technology is that both 
the physiologic and pathologic features of the tissue of or-
igin are maintained despite prolonged culturing.55 Despite 

FIGURE 3.  Representative immunohistochemistry and in situ hybridization of normal and colon cancer organoids. A–C, Normal and cancer 
organoids with immunohistochemistry staining for stem cell markers ALDH1, CD44, and in situ hybrization for Lgr5. ALDH1 is less specific, in 
this case, whereas CD44 marks a more specific cell population. Lgr5 (RNAScope) marks cells with high specificity at the base of crypts. D–F, 
Stem cell markers show increased enrichment throughout colon cancer organoids especially for ALDH1 and CD44 (p < 0.005 for ALDH1,  
p < 0.05 for CD44, p < 0.02 for Lgr5). n ≥ 3 organoids; scale bar = 100 μm.
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there being only roughly 12 known signaling pathways 
that drive CRC tumorigenesis, every tumor within a pa-
tient has distinct genetic alterations as well as intratumoral 
heterogeneity that defines both pathology and treatment 
response.56,57 Consequently, intestinal organoids present 
the opportunity to better tailor treatment to the individual 
patient with CRC. Individual patient tumors are cultured 
to generate organoids that are then used to screen drugs 
to determine the best chemotherapeutic strategy for that 
patient. Ashley et al58 performed a small proof-of-concept 
study using organoids cultured with and without Matri-
gel and cell death enumeration to elucidate the effects of 
staurosporine, an apoptosis inhibitor, on CRC organoids. 
They showed that organoids were able to recapitulate the 
phenotype of an individual patient’s malignancy and were 
responsive to drug therapy.58 In another proof-of-concept 
study, Van de Wetering and colleagues59 derived organoids 
from tumors obtained from 20 patients with CRC and 
tested treatment response to 25 drugs showing that the ge-
netic mutations present in the original tumor were reca-
pitulated within the organoid and had varying responses 
to therapy based on these mutations. Since the advent of 
organoid technology, rapid advances in culturing capabili-
ties have allowed organoid lines to be derived from nearly 
all types of colorectal cancer.60 Patient-derived organoids 
from treatment-naïve metastatic colorectal and gastro-
esophageal tumors, when used as in vivo and orthotropic 
mouse tumor xenografts, recapitulated patient response 
to chemotherapy.61 Various other studies have tested pa-
tient-derived and induced pluripotent stem cell-derived 
CRC organoids alongside normal colonic organoids to 
assess both treatment response and off-target toxicity to 
normal colonic epithelium with various chemothera-
peutic agents.62–64 One study showed that clinically used 
mitogen-activated protein kinase kinase inhibitors inad-
vertently induced stem cell plasticity and gene signatures 
consistent with cancer recurrence.65 Two studies used ep-
ithelial organoids derived from patients with rectal can-
cer to investigate clinical guideline-based chemoradiation 
treatment.66,67 Both groups concluded that patient-derived 
organoids reliably predicted the primary tumor response, 

providing hope that organoids will provide a novel way to 
better individualize a patient’s treatment regimen.

Novel drug discovery can also leverage organoid tech-
nology to rapidly assess the efficacy and toxicity of drugs 
before they are tested in costly and expensive prolonged 
clinical trials. Plocabulin, a novel microtubule-disrupting 
compound originally isolated from a marine sponge, had 
a strong cytotoxic effect when it was used to treat CRC 
organoids from 3 patients.68 A study by Fiore and col-
leagues69 showed the versatility of the organoid models to 
assess the effects of chemotherapeutic agents, in this case 
rimonabant, to induce cytotoxicity in cancer organoids 
while minimizing off-target effects on normal organoids. 
Genetic factors that predict response to drugs can be elu-
cidated as well.70–74 Tissue-derived organoids can be cocul-
tured with local tumor-infiltrating immune cells to assess 
the response to chemotherapeutic agents and radiation.75 
Along with the ability to assess the effects of chemothera-
peutic agents and radiation directly on patient tumor 
samples, organoids also allow us to more deeply analyze 
the transcriptional and proteomic profiles of individual 
patients. Using normal and cancer organoids derived from 
the same patient, Cristobal and coworkers76 determined 
a CRC-specific proteomic profile that showed a signifi-
cant enrichment in Wnt signaling as would be expected, 
along with unique tumor proteomic signatures. Organoid 
technology allows analysis at the single-cell transcrip-
tome level; thus, intratumor heterogeneity that gives rise 
to marked differences in response to chemotherapeutic 
agents can be analyzed.77,78 Air-liquid interface culturing 
techniques permit coculture of patient-derived organoids 
and native immune cells, including macrophages and T, 
B, and NK cells, with the goal of enabling precision im-
mune-oncology investigations and personalized immuno-
therapy testing.79 Chimeric antigen receptor-engineered 
lymphocytes have been tested using CRC organoids with 
a chimeric antigen receptor strategy directed against 
FRIZZLED receptors with some success in vitro.80 Other 
treatment strategies including CRISPR-Cas9 gene correc-
tion have also been performed successfully in organoids to 
correct mutations in the CFTR (cystic fibrosis) gene in in-

FIGURE 4.  Representative H&E and immunofluorescence staining of induced pluripotent stem cell-derived colitic organoids. A, H&E of iPSC 
colitis-derived organoid. Note multilayered nature of epithelia. B, Green fluorescence marks vimentin, a fibroblast marker in the mesenchyme. 
C, Purple staining for CK19 highlights colonic organoid epithelial cells. D, Both CK19 (purple) and vimentin (green) show the distinct epithelial 
and mesenchymal populations. n = 3 organoids; scale bar = 25 μm. H&E = hematoxylin and eosin; iPSC, induced pluripotent stem cell.
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testinal stem cells.81 At least 1 institution has begun clinical 
trials integrating patient whole-exome sequencing with 
high-throughput tumor organoid drug screening to iden-
tify the ideal drug combinations for individual patients.82

Organoids and New Frontiers in IBD
Organoids have been utilized with good success to further 
elucidate the mechanisms behind current biologic thera-
pies for IBD. Bradford and associates83 sought to better un-
derstand this mechanism by using organoids and genetic 
mouse models. Organoid technology has also improved 
our understanding of the mechanism of colitis-associated 
cancer development in patients with long-standing ulcer-
ative colitis. Unlike spontaneous CRC, which is associated 
with late mutations in p53, colitis-associated cancer has 
been shown to have frequent early mutations in p53.84 
Organoid technology combined with azoxymethane/DSS 
models of colitis revealed that p53 promoted continuous 
inflammation through nuclear factor κB (NF-κB) activa-
tion with associated tissue damage.84 One long-standing 
theory of IBD is that, even in pathologic and endoscopic 
remission, the previously inflamed colonic epithelia re-
main dysregulated. Biopsy specimens from histologically 
normal colonic tissue from patients with IBD and healthy 
controls exhibited an aberrant transcriptional profile 
showing increased expression of genes seen in small in-
testinal Paneth cells and gastric epithelia even in the set-
ting of histologically normal epithelia, a finding consistent 
with a chronic underlying genetic change.85–87 In mouse 
intestinal organoids, chronic inflammation was gener-
ated by treating the organoids for 60 weeks with a com-
bination of cytokines (tumor necrosis factor-α, IL-1β 
and IL-6) and bacterial components (lipopolysaccharide 
and flagellin).88 After treatment, significant induction of 
target genes in the NF-κB pathway was found, and these 
genes remained induced despite withdrawal of treatment 
for up to 60 weeks, again suggesting that changes likely 
occur in the progenitor and stem cell compartments that 
are “remembered” even after the inflammatory stimuli are 
removed. Single-cell analysis of small-bowel organoids 
derived from patients with Crohn’s disease show similar 
findings, with factors in the inflammatory microenviron-
ment modifying intestinal stem cells.89 Coculturing of 
macrophages and organoids have produced physiologic 
models recapitulating the epithelial-to-mesenchymal 
transition that occurs with fibrosis in Crohn’s disease and 
leukocyte migration.90,91 Other groups have used epithe-
lial organoids to determine epithelial barrier responses 
to interferon-γ-induced permeability changes.92 Similar 
studies have been performed by other groups using mouse 
intestinal organoids to show novel genes involved in in-
testinal epithelial integrity and tight junction formation.93 
Williamson and colleagues94 developed a novel micro-
injection platform that allows for injection of luminal 
microbiota into patient-derived organoids to assess the 

effects of patient-specific fecal microbiota on epithelial in-
tegrity and physiology. Induced human intestinal organ-
oids provide a more advanced tool as myofibroblasts are 
present in the mesoderm-derived stroma of the cells and 
respond to profibrotic stimuli with a response consistent 
with isolated human myofibroblasts.54

As with cancer, patient-derived organoids can be used 
to identify epigenetic and transcriptional changes pre-
sent in the development of other intestinal diseases.95–98 
For example, despite the fact that NF-κB signaling path-
way mutations are significantly enriched throughout the 
colon in patients with ulcerative colitis, these pathways 
are exceedingly rare in areas of the colon with dysplasia 
or colitis-associated cancer.99 A recent study comparing 
epithelial organoids derived from 71 patients, 16 without 
colitis, 29 with colitis lacking dysplasia, and 26 from pa-
tients with colitis-associated cancer, showed mutations in 
the IL-17 signaling pathway that confer resistance to an 
IL-17A-induced apoptotic response.100 Like novel chemo-
therapeutic testing for cancer, ulcerative colitis and nor-
mal colonic organoids can be treated with cytokines and 
bacterial components to recapitulate the colitis pheno-
type, and then treated with novel agents to assess suppres-
sion of the immune response and regeneration of normal 
crypts.101–103 One of these studies showed that naltrex-
one alleviated endoplasmic reticulum stress in organoids 
of patients with IBD after treatment with inflammatory 
stimuli.104 Interleukin-22 has shown promise as a prom-
ising target for ulcerative colitis therapy due to its role in 
epithelial homeostasis and repair, which lead Patnaude 
and colleagues105–107 to trial treatment of inflammation-
stimulated organoids with IL-22 that showed improved 
epithelial regeneration and production of membrane mu-
cus. Han and colleagues108 took this idea a step further and 
microinjected patient-derived fecal supernatants with the 
probiotic Lactobacillus rhamnosus. Their group showed 
that fecal supernatants could induce epithelial barrier dys-
function which improved in the presence of L rhamnosus.

CONCLUSION

As cellular and molecular understanding of colorectal 
cancer and IBD have advanced, so too have the models for 
in vitro and in vivo investigation. Patient-derived organ-
oid models, reproducing disease heterogeneity and bear-
ing not only colonic epithelia but also the mesenchyme, 
will increase our scientific and clinical understanding and 
may permit high-throughput analyses of chemothera-
peutic strategies. Furthermore, genetic manipulation of 
organoids is a strategy to increase therapeutic options by 
allowing for the examination of novel targets. For cancer, 
organoids provide a strategy to interrogate DNA damage 
and repair mechanisms in response to various treatments, 
including radiation. These strategies continue to advance 
our ability to provide personalized medicine for both 
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CRC and IBD and will promote high-throughput treat-
ment screening to determine the most efficacious therapy 
for an individual patient. To date, numerous studies have 
been performed showing the utility of organoid models 
(Supplemental Table 1 http://links.lww.com/DCR/B339). 
In the near term, organoid studies from both CRC and 
IBD can be combined with pharmacologic treatments 
and next-generation sequencing techniques to better e-
lucidate underlying genetic, transcriptomic, proteomic, 
and epigenetic signatures that predict treatment success 
and failure. Organoid models can also be leveraged to help 
provide novel insights into the carcinoma-to-metastasis 
pathway through matched analysis of primary and meta-
static tissues. Along with disease-specific insights, they will 
likely play a large role in drug discovery because intesti-
nal organoids have been shown to recapitulate cell death 
and survival of intestinal epithelial cells, one of the most 
common side effects of chemotherapy, radiotherapy, and 
drug-mediated toxicity.109 The field of organoid research 
still has numerous limitations, including various culture 
and derivation techniques that may induce unknown 
changes to the tissue, inability to recapitulate the complete 
human tumor immune environment, being epithelial 
only in nature for patient-derived organoids without as-
sociated stroma, and reliance on Matrigel as the extracel-
lular matrix. Future studies will be required to validate the 
accuracy of intestinal organoids to fully discriminate the 
heterogeneity of human disease to parallel in vivo clinical 
treatment and responses.
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