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Preclinical human IBD mechanisms is part of five focus areas of the Challenges in IBD research document, which also include environmental 
triggers, novel technologies, precision medicine and pragmatic clinical research. The Challenges in IBD research document provides a comprehen-
sive overview of current gaps in inflammatory bowel diseases (IBD) research and delivers actionable approaches to address them. It is the result of 
a multidisciplinary input from scientists, clinicians, patients, and funders, and represents a valuable resource for patient centric research prioritiza-
tion. In particular, the preclinical human IBD mechanisms manuscript is focused on highlighting the main research gaps in the pathophysiological 
understanding of human IBD. These research gap areas include: 1) triggers of immune responses; 2) intestinal epithelial homeostasis and wound 
repair; 3) age-specific pathophysiology; 4) disease complications; 5) heterogeneous response to treatments; and 6) determination of disease loca-
tion. As an approach to address these research gaps, the prioritization of reverse translation studies is proposed in which clinical observations are 
the foundation for experimental IBD research in the lab, and for the identification of new therapeutic targets and biomarkers. The use of human 
samples in validating basic research findings and development of precision medicine solutions is also proposed. This prioritization aims to put 
emphasis on relevant biochemical pathways and humanized in vitro and in vivo models that extrapolate meaningfully to human IBD, to eventually 
yield first-in-class and effective therapies.
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Preclinical human IBD mechanisms is part of five focus 
areas of the Challenges in IBD Research document, which 

also include environmental triggers,1 novel technologies,2 pre-
cision medicine3 and pragmatic clinical research.4 The focus 
of preclinical human mechanisms research is the identifica-
tion and study of questions and processes that are most highly 

relevant to patients with inflammatory bowel diseases (IBD). 
This requires the application of basic science approaches to 
human IBD. Notable and impactful advances have been made 
over the last several years, however numerous knowledge gaps 
remain. The highest priority gaps that have been identified are 
in areas of (1) triggers of immune response, (2) intestinal epi-
thelial homeostasis and wound repair, (3) developmental and 
age-related pathophysiology, (4) biology of complications, 
(5) biological determinants of disease location, and (6) new 
therapies and response to treatment (Fig. 1).

TRIGGERS OF IMMUNE RESPONSE
It is widely accepted that IBD is the result of dysregulated 

gut mucosal immune responses to environmental factors in 
genetically-predisposed individuals. For several years, im-
mune dysregulation was primarily attributed to an imbalance 
between pathogenic and regulatory T cells, and emphasis 
was placed on the adaptive arm of the gut mucosal immune 
system in the pathogenesis of IBD. However, although aber-
rant adaptive immunity is still thought to play an essential role, 
more recent studies have focused on upstream events, based 
on reports highlighting the importance of functional and ge-
netic associations between dysregulated intestinal innate im-
mune responses and IBD.5 Environmental triggers primarily 
affecting early innate immune responses, including the gut 
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microbiome, diet, and enteric infections, among others, are 
currently primary areas of research in identifying etiologic and 
modifying factors in the pathogenesis of IBD. Indeed, the rap-
idly increasing incidence of IBD associated with industriali-
zation emphasizes the importance in environmental factors in 
the pathogenesis of IBD.6 IBD is characterized by alterations 
in the composition of the intestinal microbiome.7 In addition, 
IBD patients with active disease have been reported to have 
a different microbiome composition compared to patients in 
remission.8 While these general concepts have been firmly es-
tablished, there are major gaps that exist in dissecting the spe-
cific impact of the gut microbiome on IBD. This includes the 
need to identify specific microbial metabolites and bacterial 
strains, as well as global patterns thereof, and their functional 
roles in regulating gut mucosal immune responses. It is also im-
portant to recognize that microbes may not possess the same 
triggering effects on immune responses throughout the entire 
gastrointestinal tract, and that their effects may be dependent 
on differences in conditional factors specific to anatomic lo-
cation within the gut mucosa. Moreover, their phenotype and 
functions as individual strains can be quite different as opposed 
to when they are part of a microbial consortium. While it is easy 
to conceptualize how the host’s immune system can innately 

respond to various microbes and their microbial products, not 
much is known about how these commensal microbes react to 
components of the gut mucosal immune system and how this 
process may differ in patients with IBD. Other possible envi-
ronmental microbial triggers include enteric infections and the 
nonbacterial microbiota (i.e. fungi and viruses) and their roles in 
triggering immune responses leading to IBD, which is an active 
area of investigation. There is also a gap in knowledge about 
the interrelationship between members of the microbiome, die-
tary components, and the subsequent host immune response to 
this interaction.

INTESTINAL EPITHELIAL HOMEOSTASIS AND 
WOUND REPAIR

Understanding the essential role of the intestinal epithe-
lium in IBD is paramount, particularly since mucosal healing 
has become a major endpoint in clinical management of 
patients. Research in this area has focused on epithelial intrinsic 
defects, extrinsic effects on epithelial function, and alterations 
of the intestinal epithelium during repair.

Recent translational studies have revealed a rich and still 
expanding set of genetic variants/mutations in IBD subjects. 

FIGURE 1. Preclinical human IBD mechanisms:  current research gaps and proposed steps forward to advance the field in order to better understand 
IBD pathophysiology as experienced by patients.
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These discoveries have launched investigations into epithelial-
intrinsic defects that may be instrumental in understanding the 
mechanisms of IBD pathophysiology. In addition, the nature 
of the gene mutations that lead to susceptibility to IBD also de-
pend on environmental factors that are challenging to uncover 
in human subjects. A  plethora of new techniques, including 
systems biology and mechanistic approaches, can be integrated 
to study the link between human genetic variants and specific 
pathways relevant to IBD. The current approach to account for 
genetic complexity and to leverage advances in IBD genetics is 
to select genes and proteins for detailed study based on infor-
mative mutations associated with susceptibility or resistance to 
IBD, and to study these genes and proteins in relationship to 
each other.9, 10

An emerging area of challenge is to define precisely the 
effects of non-epithelial factors from other mucosal cells that 
impact cell function as above. The current approach is the 
co-culture of microbes, microbial product and immune cells 
to model interactions that occur in vivo.11, 12 There are many 
platforms that are in development from traditional organoids, 
spheroids that are enriched in specific cell types,13 gut-on-a-chip 
systems with controlled shear and oxygen parameters,14 and 
transwell cultures.15 Each of these platforms will provide unique 
opportunities to query epithelial interaction. Key approaches 
to studying the effect of environmental factors in the context 
of gene mutations that lead to susceptibility of IBD in human 
patients have included integration of insights from patient data; 
knockout (KO) and knock-in (KI) mouse studies; mechanistic 
studies; and network analysis to define pathways involved in 
the phenotypes of human cells carrying risk variants. In this 
way, one can link standard mechanistic studies to studies in pa-
tient cells to rapidly move to clinical relevance. Specific to the 
epithelium, there are several cellular targets and processes that 
remain of high interest to IBD pathophysiology and therefore 
warrant further careful investigation. The major epithelial cell 
type is the absorptive barrier cell (enterocyte in the small intes-
tine and colonocyte in the colon). Metabolic processes, water/
electrolyte/nutrient transport, barrier function, and states of 
differentiation of these cells are of high interest and are still 
poorly understood in the context of IBD. Secretory lineage 
cells include goblet cells, which produce mucus; the impor-
tance of mucus production and its regulation in colitis has been 
demonstrated in animal models, though this has been chal-
lenging to test in human subjects. There is also a new appre-
ciation for various functional sub-lineages of goblet cells that 
detect microbial products and secrete discrete cargo.16 Such 
functional sub-lineages occur for other secretory lineages, and 
this will be a rich source of future research. For example, this 
approach should better define specific pathways in IBD that af-
fect Paneth cell function,17 in particular production and release 
of antimicrobial proteins, enteroendocrine lineages18 and the 
newly invigorated tuft cells that can sense and react to specific 
types of infections in the intestine.19 The suggestion from initial 

single cell ribonucleic acid ribonucleic acid sequencing (RNA-
seq) of the intestinal epithelium is that there are multiple sub-
lineages present for certain morphologically defined lineages.20 
The challenge is now to devise methods to test the sub-lineages 
that are present to determine their specific functional roles.

Intestinal wound repair is a tightly orchestrated event 
that occurs in sequential phases involving multiple epithelial 
cell types. Using experimental systems for studying injury of the 
intestinal mucosa has allowed investigators to demonstrate that 
wound repair involves a series of reprogramming events and 
stages.21–26 The challenge is to determine what factors drive this 
process, particularly during inflammation and chronic damage 
where wound healing may be compromised or aberrant. To 
better understand the spatial and temporal requirements for 
mucosal healing, currently existing experimental models of in-
testinal injury and in vitro modeling could be useful to screen 
for new factors.27–29 What remains unclear is the role of the in-
testinal microbiome given the alterations in the microbiome the 
wound site30 and what microbiome related mechanisms can pre-
vent penetrating injuries.

DEVELOPMENTAL AND AGE-RELATED 
PATHOPHYSIOLOGY

In recent years, our understanding of the early develop-
ment of the gut microbiome and factors affecting IBD onset and 
progression early in life has advanced significantly. Investigators 
discovered rare variants in over 50 genes interfering with both 
epithelial and immune functions that lead to high penetrant 
forms of very early onset IBD (VEO-IBD).31 For a handful of 
these mutations, advances in our understanding of their patho-
genic mechanisms have led to development of therapeutics with 
allogeneic hematopoietic stem cell transplant (e.g. mutations 
in genes encoding the IL-10 receptor and XIAP) or successful 
treatment with emerging drugs targeting the affected pathway 
(e.g. abatacept for defects in CTLA4 or LRBA). Advances in de-
oxyribonucleic acid (DNA) sequencing technology led to an ex-
plosion in our understanding of the dynamic nature of the early 
life gut microbiome and the strong effects of Caesarean section, 
early life nutrition, and antibiotics on species abundance and 
diversity.32 The large RISK inception cohort yielded a detailed 
characterization of the profound changes in gut microbiota 
present in treatment-naïve children with Crohn’s disease (CD), 
and investigators have begun to characterize microbiome dy-
namics as they relate to inflammation, nutrition, antibiotics, 
and anti-tumor necrosis factor (TNF) treatment in pediatric 
IBD.33, 34 The RISK study increased our understanding of the 
gut microbial alterations and tissue transcriptional programs in 
treatment-naïve pediatric Crohn’s disease patients that portend 
risk for stricturing and penetrating complications.35

To build on these achievements and meaningfully ad-
vance our understanding of the developmental and age-related 
pathophysiology of IBD, the scientific community must address 
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several critical knowledge gaps. With regard to VEO-IBD, the 
last decade focused on single gene defect identification, but 
a specific causative gene variant is only identified in 20 per-
cent of patients.31 We must broaden our understanding of the 
mechanisms through which high penetrance gene mutations and 
gene interactions cause VEO-IBD so that we can develop new 
treatments and repurpose existing therapies. Additionally, the 
incidence of IBD is rising disproportionately in these youngest 
children.36 A small peak of IBD diagnoses late in life has been 
long established, yet we do not understand the environmental 
or microbial triggers of IBD at these developmental extremes. 
Additionally, since the mucosal immune system is ultimately 
the effector of the chronic inflammation of IBD, it will be crit-
ical to understand how the key components of the immune 
system change with age to affect risk and presentation of IBD 
across the age spectrum. Lastly, environmental influences and 
host genetics intersect to influence disease in the burgeoning 
field of epigenetics. In the coming years, we must scale our un-
derstanding of how the cell-type-specific accumulation of epi-
genetic changes across the life span influences the development 
of IBD at specific developmental windows.

BIOLOGY OF COMPLICATIONS
More than 50% of patient with CD develop complications 

over their lifetime, defined as stricturing (luminal narrowing, 
wall thickening and prestenotic dilation) or penetrating (an ab-
normal passage between the intestine and the body surface or 
other organs) disease.37, 38 Stricturing disease is a serious problem 
also for ulcerative colitis (UC) with approximately 8% incidence 
over the lifetime of disease.39–41 The importance of studying 
fibrostenosis is emphasized by the facts that its pathophysiology is 
complex, dynamic, multifactorial, and involves multiple cell types. 
Current anti-inflammatory therapies can neither prevent nor treat 
fibrosis; no specific anti-fibrotic therapy is available; no validated 
predictors for intestinal fibrostenosis have been established; and 
no validated clinical trial endpoints exist.37 Internal penetrating 
and perianal disease is mainly a challenge in CD. Limited descrip-
tive studies implicate cytokines, such as IL-13 or the process of 
epithelial-to-mesenchymal transition in its pathogenesis.42 The 
success of anti-inflammatory therapies is limited, and recurrence 
rates are high.42

There is a need to delineate early pathogenic events to elu-
cidate intervenable factors prior to the establishment of fibrosis 
and which genetic or epigenetic markers could be the indicators/ 
triggers of these changes. There is also a need to increase the ef-
fort for the study of pathogenic factors of fibrogenesis, which 
include luminal (e.g. microbiota, host microbe interactions), 
extraluminal (e.g. mesenteric fat), and systemic drivers (e.g. 
fibrocytes or bone marrow derived stem cells). Additional IBD 
complications associated with morbidity and mortality require 
specific research strategies drawing on expertise from outside 
the IBD field. For example, IBD-associated colorectal cancer 
is a serious concern for many patients; modelling this familial 

and identifying therapeutic strategies may require application 
of genomics to IBD-associated cancer43 and use of xenograft 
models.

BIOLOGIC DETERMINANTS OF DISEASE 
LOCATION

The determinants of disease location for CD and UC 
along the longitudinal axis of the bowel remains a major gap 
in knowledge. Two clinical models serve as surrogates for 
addressing this question, providing insights that may be rele-
vant to pathophysiology events that determine IBD location. 
The first is the development of pouchitis in up to half  of UC 
patients who undergo ileal anal pouch anastomosis within two 
years of creation of the J-pouch. Non-IBD patients who have 
familial adenomatous polyposis (FAP) rarely develop this con-
dition, suggesting that pouchitis in UC patients recapitulates 
some aspects of the original disease. However, because ulcer-
ative colitis is confined to the colon, it has been unclear why 
these processes now involve the ileal mucosa of the pouch 
(sparing the regions proximal to the pouch). A  plausible ex-
planation is provided by a prospective study that shows that in 
UC patients, but not FAP patients, the ileal pouch undergoes 
changes consistent with colonic metaplasia, characterized by 
expression of colon-specific genes and decreased expression of 
ileal-specific genes.44 These changes, which are observed in con-
cert with the development of a colonic-like pouch microbiota, 
could represent a “hardwired” response unique to UC that is 
not observed in normal or FAP subjects. Many of the altered 
genes also involve inflammatory pathways and those associated 
with extracellular matrix remodeling and changes in the tight 
junctions as occurs in UC. The shift from ileal to colonic gene 
expression pattern in UC patients may be permissive for the 
development of subclinical inflammation. The development of 
frank clinical inflammation may be a consequence of a second 
set of triggering events, perhaps provided by regional gut mi-
crobiota. In monoassociated germ-free IL-10 deficient mice, for 
example, different commensal bacterial species selectively ini-
tiate immune-mediated intestinal inflammation with distinctly 
different kinetics and anatomic distribution in the same host.45 
These data suggest that the types and functions of regional 
gut microbiota and their effects on site-specific host immune 
responses can be important determinants of location, nature, 
and severity of mucosal inflammation. The mechanisms un-
derlying these events are not understood and require further 
investigation.

The second model that can also provide information rel-
evant to determinants of disease location, is the clinical het-
erogeneity of CD. Using a molecular stratification approach 
based on RNASeq and chromatin profiling, a recent study 
mapped the levels of gene expression in non-inflamed, healthy-
looking colon tissue samples taken from Crohn’s patients46 
and found that adult patients with CD clearly segregated 
into two classes based on colon tissue gene expression—one 
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that largely resembled the normal colon and one where cer-
tain genes showed expression patterns normally specific to 
the ileum. These classes were supported by changes in gene 
regulatory profiles observed at the level of chromatin accessi-
bility, reflective of a fundamental shift in underlying molecular 
phenotypes. Furthermore, gene expression from the ilea of a 
treatment-naïve cohort of pediatric patients with CD could be 
similarly subdivided into colon-like and ileum-like classes. The 
former was associated with patients with rectal disease, or that 
required a colectomy. The latter primarily was characterized 
by an upregulation of pathways involved in lipid and xenobi-
otic metabolism, paralleling findings reported in the UC pouch 
study.44 Although the sample size was small, the ileal subtype 
of CD was associated with patients who tended to have ileal 
disease that required intensive medical therapy. Despite these 
insights, the specific mechanisms or factors that determine 
where IBD occurs in the bowel remain unknown.

NEW THERAPIES AND RESPONSE TO 
TREATMENT

Animal models are used to explore mechanisms of ac-
tion and provide proof of concept for therapeutics in a number 
of diseases including IBD. However, the unique interaction in 
the gastrointestinal system between host genetics and environ-
mental factors makes modeling IBD in surrogate species chal-
lenging.47, 48 Even well-established models of colitis are plagued 
by reproducibility concerns across labs, which partially can be 
explained by differences in the microbiota present in different 
facilities.49 Nevertheless, preclinical mouse models of inflam-
matory bowel disease remain a workhorse for mechanistic dis-
covery of IBD pathophysiology and evaluation of therapeutics. 
There are numerous mouse models of IBD ranging from chem-
ically induced colitis models to genetic models to models which 
are induced by manipulation of the immune response or ad-
dition of specific bacteria. However, while there are many 
in vivo models of IBD, none adequately predicts response 
to therapeutics. Every in vivo model has its strengths and 
weaknesses and the key to robust scientific investigation re-
mains the selection of the correct model for the scientific ques-
tion under inquiry with focus on mechanistic questions rather 
than direct translatability to efficacy in the clinic. The technical 
simplicity of dextran sulfate sodium (DSS) administration in 
the drinking water and the injury and inflammation it causes 
has led to a multiplicity of peer-reviewed publications that 
have not lead to direct patient benefit. In particular, surrogates 
of therapeutics which show benefit in patients including anti-
TNF and anti-IL-12/23p40 antibodies are generally not effica-
cious in chemically-induced colitis models including DSS. This 
is likely because these are acute injury models run over a few 
days rather than a continuous disease process which develops 
over many years in a genetically susceptible individual. In 
other models, like the T cell transfer model where naïve T cells 
are transferred into a lymphopenic mouse (Rag null or SCID 

mutant mice), anti-inflammatory therapeutics are extremely 
beneficial. However, while mice fairly uniformly respond to a 
given therapeutic, there are no treatments which will adequately 
treat all individuals with IBD, demonstrating the need for mul-
tiple models to probe different aspects of the human disease. 
Understanding which models adequately represent different 
aspects of the human disease is key to understanding when 
and how to use one model over another to address appropriate 
mechanistic questions related to pathways and therapeutics. 
Additionally, mice with genetic mutations that confer significant 
and often severe immunodeficiencies have led to great insight 
into the immunopathogenesis of IBD; however, discoveries in 
such mice have only led to a handful of treatments that help 
a fraction of the over two million people afflicted with IBD 
in the U.S. with millions more world-wide. There is a need for 
models which are able to predict and explain the mechanisms 
behind failures in IBD treatments. One recent example is the 
unexpected failure of anti-IL-17 antibody to show benefit in 
CD, and in fact to lead to disease exacerbation in a subset of 
patients. A similar result was found in the Mdr1a mutant colitis 
model in which genetic deficiency in the P-gp protein leads to 
an epithelial barrier defect. In this mouse model, IL-17 inhibi-
tion lead to exacerbation of colitis and thus provided a model 
system to explore the effects observed in the clinic.50–52

One of the important issues behind the limited transla-
tional application of experimental findings in mice into suc-
cessful therapies for humans is the lack of models enabling study 
of human cells and the direct testing therapeutics rather than 
relying on surrogates which are rodent cross-reactive. Two re-
cent advances in this regard are the development of humanized 
mouse models which allow the direct testing of therapeutics on 
human immune cells which are engrafted into immunodeficient 
mice and the use of explants or lamina propria mononuclear 
cells isolated directly from human IBD patient intestinal tissue 
both of which enable investigators to test therapeutic hypotheses 
directly on human cells and/or tissue.53, 54

Lastly, current therapeutics are only efficacious in a 
subset of patients. By advancing our understanding of under-
lying disease processes, we should be able to better define more 
homogeneous subsets of patients for whom specific targeted 
therapeutics are more likely to be effective. Insights gained 
through preclinical models represent the starting point for 
achieving this goal. However, more research is needed to ex-
plore mechanisms of action of novel drugs in sub-populations 
of IBD, thus development of precision models of IBD would 
significantly advance research and development of novel 
therapies.

Steps Forward
Several common themes have emerged in reviewing 

the current state of knowledge of preclinical mechanisms of 
human IBD. The existing research gaps in understanding the 
basic mechanisms underlying the pathophysiology of human 
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IBD fall into several categories, as described above. To address 
these gaps, we propose both intermediate and longer-term 
approaches. Overall, to focus on preclinical research relevant 
to human IBD, we must prioritize both the use of patient 
samples as well as more appropriate models that better reflect 
the complexities and the temporal relationships of disease 
mechanisms that take place in human IBD. One successful ap-
proach for this is reverse translation: laboratory-based research 
addressing observations from clinical practice and/or clin-
ical trials that in turn generates solutions to improve patient 
outcomes. A key feature of this approach is that it is initiated 
by using data obtained from patients with IBD. The key is to 
use an initial sample size that is robust enough to generate firm 
hypotheses that can be further tested. That being said, smaller, 
longitudinal, highly curated cohorts resulting in meta-analyses 
of patient-derived data can often be highly informative when 
patients serve as their own controls. In these subjects, recent 
‘omics’ technologies applied to clinical samples have produced 
an abundance of molecular and cellular data including pa-
tient genetics (through identification of susceptibility genes), 
microbiome surveys, and abnormal cell function as well as 
alterations of gene expression/protein function either for indi-
vidual or groups of genes. Additional prospective longitudinal 
human studies, focused on specific disease entities or subtypes 
(ulcerative proctitis, UC patients with J Pouch-anal, Crohn’s 
patients with ileal resection at time of initial surgery that 
includes formation of ileo-colonic anastomoses) incorporating 
multi-omics analyses, in which patients can act as their own 
controls, and in which more complete metadata is obtained, 
could lead directly to predictive markers of disease progres-
sion. In addition, these data, and the novel systems approaches 
to synthesize connections between them can provide an overall 
hypothesis and guide for subsequent mechanistic work using 
animal models and in vitro approaches.

Essential characterization of normal cellular and physi-
ologic processes is lacking and is needed to advance the field, 
including elucidation of the developing and aging immune 
system in humans and animal models; the processes of wound 
healing; the normal host-microbe interaction that selects for 
the regional microbiome; the normal microbial architecture 
of the gastrointestinal (GI) tract (not just presence or absence, 
but also specific location of microbes with respect to each 
other and the host epithelium and the variation depending 
on region of the GI tract); the microbial-driven metabolome; 
immune-microbiota interactions that drive homeostasis and 
colonization-resistance; and investigation of the non-bacterial 
microbiota  including viruses, bacteriophages, fungi, and ar-
chaea to determine their physiologic and immune impact. 
These fundamental areas of investigation will provide critical 
groundwork for understanding these processes during disease.

As the understanding of IBD pathogenesis and research 
on novel therapeutic and diagnostic approaches have evolved, 
novel models will need to be developed in order to enable 

adequate examination of these new aspects of biology as well 
as therapeutic modalities. New models are also needed to de-
velop deeper insights into therapeutics targeting diverse aspects 
of the disease including strategies to shift the microbial com-
position, cell-based therapeutics to regenerate the epithelium 
or reset the immune response, metabolic manipulation, and 
cell-specific delivery to target therapeutics only to the cell of 
interest. Additionally, new models are needed to test the effi-
ciency and specificity of targeting diverse pathways using new 
therapeutic modalities, including antisense oligonucleotides 
and cell-based and live microbial-based therapeutics. Models in 
which the human microbiome can be adequately grown, tested 
and manipulated in vitro and in vivo in the context of human 
immune and epithelial cells as well as the proper gastrointes-
tinal environment including oxygen levels, pH, tension, etc. are 
urgently needed. In vitro advances in gut-on-a-chip technology 
as well as growth of human organoids in three-dimensional and 
air-liquid interface cultures show promise for development of 
such a system. The engraftment of human microbiota from IBD 
patients into germ-free wild type and genetically-modified mice 
may provide an additional model to test therapeutics targeting 
intestinal dysbiosis, including microbial metabolites or metabo-
lite mimetics developed using medicinal chemistry approaches.

Development of preclinical models which will enable 
use of patient blood/tissue/cells to explore the individual’s 
underlying issue and cause of disease would greatly facilitate 
development of personalized solutions. This type of model 
could be based, for instance, on injection of patient-derived 
organoids into the mouse colon in a humanized mouse system. 
Additionally, focusing on reverse translational research to work 
from the human disease and observations in the clinic back to 
the lab will enable researchers to determine how to model di-
verse aspects of the disease or particular subsets of the disease 
to facilitate development of novel systems to enable testing of 
new therapeutic strategies.

The establishment of validated in vitro models is also 
a priority. The recent development of new models, including 
human-derived organoids, enteroids, and polarized epithelia 
that recapitulate the complex mixture of epithelial cell types in 
the GI tract, have been an exciting advance. Further advancing 
these models to include an immune cell component and poten-
tially a microbial component could further the applicability of 
these models, both for studies of disease mechanism and thera-
peutic response. The plethora of approaches for the generation 
of these in vitro/in silico systems is a concern, leading to con-
flicting results and poor reproducibility. The establishment of 
consistent and validated methods to generate these models will 
allow rapid advancement in this area.

Improved and validated animal models that better repre-
sent human IBD are essential. These could incorporate single 
or multiple genetic variants, humanized microbiota and/or 
humanized immune systems could be used to recapitulate the 
gene-environment interactions that lead to the development of 
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IBD, and be used to understand disease progression, triggers of 
disease flares, and prediction of disease trajectory and response 
to treatment. Knocking out or knocking in mutations in spe-
cific cell types and sublineages would allow the investigation of 
the role of host cell intrinsic defects. The development of addi-
tional tools to specifically target cell lineages and sublineages is 
an immediate and essential first step to advance these studies.

Currently available animal models such as SAMP1/YitFc 
mice that develop CD-like ileitis spontaneously may be useful 
in understanding the cellular and molecular mechanisms and 
their temporal relationship in the development of intestinal fi-
brosis and stenosis.55 Further clues regarding fibrogenesis could 
be derived from exploring underlying mechanisms of trans-
mural disease in CD versus disease restricted to the mucosa 
and submucosa in UC, a phenomenon that could be explained 
by genetics, microbiota or differential inflammatory response. 
The observation that fibrosis can progress despite proper med-
ical therapy and mucosal healing emphasizes the need to focus 
on inflammation independent mechanism of intestinal fibrosis, 
such as matrix mechanoproperties, matrix composition or ma-
trix bound enzymes.

To study the effects of non-epithelial factors from other 
mucosal cells on intestinal epithelial cell function and wound 
healing, development of novel experimental platforms that 
allow co-culture of intestinal cells with immune cells and mi-
crobial cells. Such platforms will allow for the interrogation 
of many key questions such as the effect of inflammation that 
occurs in IBD on specific epithelial lineages. A goal is to define 
these interactions in terms of specific immune lineages that im-
pact key epithelial functions (for example tuft cells and ILCs). 
How do these interactions affect epithelial and immune cell 
functions? Are the effects durable (perhaps through epigenetic 
modification)? We will also be able to interrogate the effects of 
alterations of the microbiota (bacteria, viruses, parasites) or 
microbial products that are known to occur in IBD on intes-
tinal epithelial cells. The goals will be to determine the effects 
on IEC lineage function (direct or indirect).

Finally, despite the rapid evolution of DNA sequencing 
and ‘omics’ technologies for human and experimental samples, 
a major bottleneck to the field has been the analysis, integra-
tion, and interpretation of large datasets. Higher resolution 
visualization platforms and better genetic annotations for tax-
onomical and functional assignments are needed to better un-
derstand biological significance and impact. Such technologies 
should include those that assess the biological processes within 
the gut lumen and intestinal tissues with spatial resolution. 
Emerging technologies such as 2-dimensional mass cytometry 
to characterize cell-cell interactions of the mucosal immune 
system in health and disease, electron spray mass spectrometry 
to localize metabolites, and phosphorescence imaging of ox-
ygen gradients in the intestinal environment will undoubtedly 
lead to new discoveries that may be relevant to the development 
of new diagnostic and therapeutic modalities in Crohn’s and 

colitis. It’s also important to recognize that sources of data have 
their own inherent noise, bias and limitations, confounding 
methods to integrate them. Better analysis tools capable of 
jointly accounting for these nuances are needed along with 
high-quality, well-designed experimental studies that combine 
these data sources. Thus, inclusion and partnerships with data 
scientists and experts in computational modeling and simula-
tion are needed.

Human studies are inherently difficult due to large indi-
vidual differences, challenges in controlling retrospectively for 
confounding variables, and constraints in observational clinical 
study design. However, with well-designed longitudinal studies 
that use multi-omics analysis interpreted in the context of clin-
ical metadata, tremendous insights into disease mechanisms, 
course, and outcomes can be gained. Coupling such insights 
with experimental models that involve patient-derived cells and 
other informative in vitro and in vivo approaches shows great 
promise ahead in making discovery-based advances that will 
greatly impact patient management and outcomes in IBD.

Filling the gaps in understanding the preclinical human 
mechanism of IBD will broaden our understanding of disease and 
accelerate the development of better classifiers for the clinical het-
erogeneity of IBD, recognizing individuals at risk and triggering 
factors that lead to disease, and advancing novel effective and 
targeted interventions for prevention and treatment of IBD.
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