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Abstract

This article reviews current knowledge about the main areas of research in regards the role of genetic, 
immunological, and environmental factors implicated in the onset and exacerbation of inflammatory bowel 
disease (IBD). Over the past decade, there has been enormous progress in the discovery of numerous 
genetic variants that increase or decrease the risk of IBD. (IBD Rev. 2018;4:3-11)
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Introduction

Inflammatory bowel diseases (IBD) are a group 
of chronic diseases including Crohn’s disease 
(CD) and ulcerative colitis (UC) and are chronical-
ly relapsing and remitting inflammatory condi-
tions that result from chronic dysregulation of the 
mucosal immune system in the intestinal tract1.

The exact pathogenic mechanisms behind 
IBD are yet to be fully defined; the current hy-
pothesis suggests that IBD develops at the 
interface of predisposing genetic variations, im-
munological alterations, shifts in the gut micro-
biome, and external environmental influences1.

Recently, multiple human genetic mutations 
are implicated in an increased susceptibility to 
IBD; however, not everyone who carries these 
mutations develops IBD, indicating that addi-
tional exposures are also involved2.

Many of these additional factors can be 
linked to alterations in immune pathways and 
environmental factors such as microbial and 
lifestyle (Fig. 1).

In this review, we summarize the latest liter-
ature on genetical immunological and environ-
mental influences in IBD.

Genetic factors contributing to IBD 
pathogenesis

The advent of advanced molecular biological 
techniques in the past two decades has al-
lowed the study of genetic factors in IBD.
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NOD2

In 2001, the first IBD susceptibility locus was 
found to involve NOD2. In some geographical 
regions, patients with CD had a high frequen-
cy of NOD2 variants. The major variants involv-
ing the leucine-rich repeat region include a 
frameshift mutation (L1007fsinsC) and two 
missense mutations (R720W and G908R) sug-
gesting that a defect in peptidoglycan recog-
nition may be associated with CD6.

The NOD2 gene was the most important ge-
netic factor, being an independent predictive 
factor for ileal location (p = 2.02 × 10 (−06), 
odds ratio [OR] = 1.90), structuring (p = 3.16 
× 10 [−06], OR = 1.82) and penetrating behav-
ior (p = 1.26 × 10 (−02), OR = 1.25), the need 
for surgery (p = 2.28 × e−05, OR = 1.73), and 
complicated disease course (p = 6.86 × 10 
[−06], OR = 2.96). Immunomodulator (azathio-
prine/6-mercaptopurine and methotrexate) use 
within 3 years after diagnosis led to a reduction 
in bowel structuring disease (p = 1.48 × 10 
[−06], OR = 0.35) and surgical rate (p = 1.71 
× 10 [−07], OR = 0.34)7.

There is strong evidence that suggests a ge-
netic basis for IBD, including familial clustering 
and racial and ethnic differences in risk for 
IBD3. 10-20% of affected individuals have a 
family history of IBD, with the highest risk 
among first-degree relatives. A positive family 
history is the principal risk factor for IBD, with 
relatives of affected individuals having at least 
a 10-fold increased risk for IBD. Genome-wide 
association studies have identified over 200 
distinct single nucleotide polymorphisms pre-
disposing to the development of CD or UC4.

Increased rates of IBD between identical 
twins compared to fraternal twins, and siblings 
compared to spouses of affected individuals, 
suggests that genetic rather than environmen-
tal factors are primarily responsible for the ob-
served familial aggregation for IBD5.

The relationship between genetic and immu-
nological factors for the development of IBD 
was demonstrated through studies with GWAS 
have revealed a great number of genetic vari-
ants predisposing to different complex diseas-
es, but only three genetic polymorphisms re-
lated to NOD2, IL23/17, and autophagy have 
been well established for a direct role in IBD5.

Figure 1. 
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HLA class II

Actually, there is significant evidence that 
specific HLA Class II associations contribute to 
overall disease pathogenesis, especially for 
UC. A meta-analysis combining results from 29 
studies showed significant positive associa-
tions in UC to DR2, DR9, and DRB1*0103, 
whereas a negative association was found for 
DR4. For CD, a positive association was found 
with DR7, DRB3*0301, and DQ4, and a neg-
ative association with DR2 and DR38,9.

In Latinoamerica, previous studies confirmed 
the role of genetic factors in the development 
of IBD. Yamamoto-Furusho et al.10 suggested 
that HLA-DRB1 alleles were associated with 
the clinical course of disease and steroid de-
pendence in UC Mexican patients. The authors 
showed significant associations were found 
between some HLA-DRB1 alleles and the clin-
ical course of disease: initial active and then 
inactive and the HLA-DRB1*14 allele (p = 0.03; 
OR = 4.63; 95% confidence interval [CI]: 1.08-
21.23); and HLA-DRB1*08 allele (p = 0.04; OR 
= 4.34; 95% CI: 1.9-33.3). On the other hand, 
the HLA-DRB1*07 (p = 0.001; OR = 9.76, 95% 
CI: 1.55-65.56) was significantly associated 
with steroid dependence in UC Mexican pa-
tients.

IL-15

IL-15 has a pivotal role in life and death of 
natural killer (NK) and CD8 memory T cells. 
IL-15 is an inflammatory cytokine involved in 
immunological memory including that to self, 
thereby playing a role in autoimmune diseases. 
Dysregulated IL-15 expression was demon-
strated in patients with rheumatoid arthritis, 
psoriasis, celiac disease, and IBD11.

Previous studies reported the role of IL-15 
gene polymorphisms as susceptibility markers 
in patients with UC. Seven polymorphisms of 
IL-15 (rs3806798, rs10833, rs4956403, 
rs2254514, rs2857261, rs10519613, and 
rs1057972) in a group of 199 Mexican patients 

with UC and 698 Mexican Mestizo healthy un-
related individuals12. The rs2254514 polymor-
phism was significantly associated with de-
creased risk of UC as compared to controls 
under both dominant and additive models (OR 
= 0.62, pdom = 0.014 and OR = 0.65, padd=0.02). 
The rs2254514 CC genotype was associated  
with young age at diagnosis 40 years (p = 0.03;  
OR = 3.67). Five polymorphisms (rs1051613, 
rs2254514, rs2857261, rs1057972, and 
rs10833) were in strong linkage disequilibrium 
and were included in six haplotypes: H1 
(ACAAC), H2 (CCGTC), H3 (CTAAT), H4 
(CCAAT), H5 (CTAAC), and H6 (CCAAC). UC 
patients showed an increased frequency of the 
H6 haplotype (p = 0.005; OR = 3.2) and a 
decreased frequency of the H5 haplotype (p = 
0.031; OR = 0.40). These results suggest that 
the IL-15 rs2254514 polymorphism might have 
an important role in the development of UC in 
the Mexican population12.

IL-1 by binding to receptor IL-1 R1

IL-1 R1 and IL-1B polymorphisms were as-
sociated with the genetic susceptibility to de-
velop UC. Yamamoto-Furusho et al.13 found a 
significant increased frequencies of IL-1RN6/1 
TC (rs315952) and RN6/2 CC (rs315951) and 
decreased the frequency of IL-1B-511 TC 
(rs16944) genotypes in UC Mexican patients 
as compared with healthy controls. Patients 
with UC showed increased frequencies of IL-
1RN “CTC” and “TCG” haplotypes when com-
pared with healthy controls (p = 0.019, OR = 
1.43 and p < 10 [−7], OR = 2.63, respectively). 
Two haplotypes (TTG and CTG) showed de-
creased frequency in patients when compared 
with healthy controls (p = 9 × 10 [−7], OR = 
0.11 and p = 8 × 10 [−6], OR = 0.11, respec-
tively).

IL-19 (rs2243188 and rs2243193)

IL-19 belongs to the IL-10 family and is a 
potent immunomodulatory cytokine, with impli-
cations for pathogenesis in IBD. Yamamo-
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to-Furusho et al.14 studied the role of IL-19 
gene polymorphisms as susceptibility markers 
for UC. Three polymorphisms of IL-19 gene 
(rs2243188, rs2243191, and rs2243193) were 
genotyped in a group of 200 Mexican Mestizo 
patients with UC and 698 healthy unrelated 
individuals with no family history of UC. Al-
though genotypes AA (rs2243188) and AA 
(rs2243193) were significantly decreased in UC 
patients as compared with healthy controls (p 
< 0.018 and p < 0.006, respectively), a genet-
ic additive effect for the alleles was not observed 
(Cochran–Armitage trend test, not significant). 
In the subgroup analysis, no differences were 
found between the IL-19 genotypes and the 
clinical characteristics of UC. The results sug-
gest that IL-19 polymorphisms (rs2243188 
and rs2243193) might have a protective role in 
the development of UC in Mexican individuals.

IL-20 (rs2981573 and rs2232360)

IL-20 belongs to the IL-10 family and is a 
potent immunomodulatory cytokine. The IL-20 
gene is located within a 200kb region of q31-
32 locus of chromosome 1. Yamamoto-Furu-
sho et al.15 evaluated the IL-20 gene polymor-
phisms as susceptibility markers for UC. Three 
polymorphisms of IL-20 gene (rs2981573, 
rs2232360, and rs1518108) were genotyped 
in a group of 198 Mexican Mestizo patients 
with UC and 698 ethnically matched healthy 
unrelated individuals with no family history of 
UC. We found significant decreased frequen-
cies of two IL-20 genotypes: GG (rs2981573) 
(10.6% vs. 17.6%, p = 0.017, OR = 0.55, 95% 
CI = 0.33-0.93) and GG (rs2232360) (10.6% 
vs. 17.6%, p = 0.017, OR = 0.55, 95% CI = 
0.33-0.93) in UC patients as compared to 
healthy controls. No significant differences in 
gene frequencies were found between UC pa-
tients and healthy controls in the rs1518108 
polymorphism. In the subgroup analysis, no 
differences were found between the IL-20 gen-
otypes and the clinical characteristics of UC. 
The results suggest that the GG genotypes of 
the IL-20 polymorphisms (rs2981573 and 

rs2232360) might have an important role in the 
development of UC in the Mexican population.

IL-27

Depending on the microenvironment, IL-27 
has anti and pro-inflammatory properties. As 
an anti-inflammatory, IL-27 seems to induce a 
general negative feedback program that limits 
T and NK-T cell activity. At the onset of infec-
tion, IL-27 induces an IL-12 receptor on naïve 
CD4+ T cells, making them susceptible to sub-
sequent IL-12 activity16-18.

The first study of IL-27 performed in UC pa-
tients from a Latin American country demon-
strated the protective role of IL-27p28 
(rs17855750) and IL-27EBI3 (rs428253, 
rs4740, and rs4905) polymorphisms in Mexi-
can patients with UC compared to healthy 
controls. IL-27p28 rs17855750 polymorphism 
was associated with decreased risk of devel-
oping UC (OR = 0.27, 95% CI = 0.06-1.13, p 
= 0.031). Under recessive models adjusted by 
age and gender, the EBI3 rs428253 (OR = 
0.54, 95% CI = 0.29-0.99, p = 0.035), rs4740 
(OR = 0.60, 95% CI = 0.36-1.01, p = 0.046), 
and rs4905 (OR = 0.59, 95% CI = 0.35-1.01, 
p = 0.043) were associated with decreased 
risk of developing UC. Similar levels of IL-27 
were observed among the genotypes of the 
studied polymorphisms. The authors proposed 
that IL-27 polymorphisms might play a protec-
tive role for the development of UC in the Mex-
ican population19.

Autophagy

At least 12 genes located at IBD risk loci play 
roles in autophagy. Lassen and Xavier dis-
cussed20 the connection between autophagy 
and IBD. This association was first realized 
through the identification of a common coding 
polymorphism in the core autophagy gene AT-
G16L1 (ATG16L1 T300A) that confers an in-
creased risk of CD20-22. Since this discovery, 
other genes associated with CD susceptibility, 
including IRGM, have also been associated 
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with anti-bacterial autophagy and the clear-
ance of intracellular pathogens, underscoring 
the importance of this pathway in IBD20. Mul-
tiple studies have investigated the contribution 
of autophagy to IBD susceptibility and chronic 
disease23. Recent studies of CD patients who 
express the ATG16L1 T300A polymorphism 
have demonstrated increases in pro-inflamma-
tory cytokines in response to specific stimuli20.

In addition, defects in the size and number 
of Paneth cell granules are also found in pa-
tients harboring ATG16L1 T300A, suggesting 
that these cell types are highly susceptible to 
perturbations in autophagy and highlighting the 
role for autophagy in Paneth cell development 
and function20,24. In patients with quiescent 
disease, Paneth cells exhibit higher levels of ER 
stress when the ATG16L1 T300A polymor-
phism is present, further supporting a role for 
both ER stress and autophagy defects in dis-
ease pathogenesis25,26.

Immunological factors

UC and CD are chronically relapsing and re-
mitting inflammatory conditions that result from 
chronic dysregulation of the mucosal immune 
system in the intestinal tract2.

In IBD, this loss of immune tolerance toward 
the enteric flora it is mediated by different mol-
ecules. Several types of innate immune cells 
have been shown to contribute to IBD patho-
genesis.

Elevated levels of a large variety of inflamma-
tory mediators, including chemokines and cy-
tokines, have been measured in mucosal tis-
sue samples from patients with IBD27. This 
dysregulation of the immune system with in-
creased expression of pro-inflammatory cyto-
kines are detected in active IBD and correlate 
with the severity of inflammation, indicating 
that these molecules may play an important 
role in the pathogenesis of IBD28.

New therapeutic approaches to the treat-
ment of IBD are based on the knowledge of 
the immunological mechanisms that character-
ize the pathogenesis of the diseases.

Studies in experimental models also indicate 
that IBD-related tissue damage results from 
dynamic intercommunications between im-
mune and non-immune cells and that cytokine 
are crucial mediators of this cross-talk29.

Pro-inflammatory cytokine secretion

IL-12 drives the development of T-helper-1 
(Th1) immune responses by CD4+ Th lympho-
cytes, which secrete IL-1, IL-6, interferon-gam-
ma (IFN-γ), and tumor necrosis factor-alpha 
(TNF-α). IL-4 drives the development of a 
T-helper-2 (Th2) immune response by CD4+ T 
cells, which secrete IL-4, IL-5, IL-10, and IL-13. 
Thus, IL-12 induces the aforementioned clas- 
sical IFN-γ producing Th1 T cells, whereas IL-23  
is involved in the possible maintenance and/or 
expansion of another polarized T-cell popula-
tion, namely, Th17. This latter T-cell population 
is characterized by the secretion of IL-17, IL-6, 
and TNF-α These cytokines are intimately in-
volved in innate host defense but also can play 
a primary role in the occurrence of tissue in-
flammation. Thus, IL-17 may act on cell popu-
lations to induce secretion of inflammatory 
chemokines that have a prompt role in rapid 
neutrophil recruitment. TNF-α can cause direct 
tissue injury, while IL-6 can enhance resistance 
to T cell-activated cell death (apoptosis) and 
survival of such inflammatory effector cells30,31.

Chronic inflammation in IBD is characterized 
by an imbalance in the production of Th1, Th2, 
and Th17 and regulatory T subset cells. De-
fects in T regulatory (Treg) cells function or in 
their ability to contain effector cells are related 
to IBD pathogenesis32.

Nonetheless, several immune-regulatory me-
diators such as some members of IL-10 fam-
ily (IL-19, IL-20, and IL-24) and Indoleamine 
2,3-dioxygenase are up-regulated in the intes-
tinal mucosa of patients with IBD33-36.

Immunoregulatory pathways

Many immunoregulatory abnormalities are 
noted in IBD, including the ratio of proinflam-
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matory to immunosuppressive cytokines, se-
lective activation of T(H) lymphocyte subsets, 
and abnormalities in epithelial antigen presen-
tation. When activated during the initial inflam-
matory process, macrophages and T lympho-
cytes secrete a host of cytokines, which recruit 
other inflammatory cell types, thereby continu-
ing the process. Tissue injury is the net result 
of the soluble products of the activated inflam-
matory cells37.

Treg exerts a potent anti-inflammatory action 
in experimental colitis, and they are depleted 
in peripheral blood of patients with active IBD 
compared to inactive IBD patients and control 
subjects38,39.

Interestingly, in the intestinal mucosa of IBD, 
patients Treg are increased, and their function 
is to suppress the proliferation of effector T 
cells33-36. The main findings regarding colitis 
protection by Treg cells emerged from cell 
transfer colitis models to mice with the im-
paired immune system40.

Regulatory T cells (Tregs) and B cells present 
in gut-associated lymphoid tissues are both 
implicated in the resolution of colitis. The onset 
of dextran sulfate sodium (DSS) colitis in se-
vere combined immunodeficient (SCID) mice 
does not require the presence of T or B cells, 
making it an excellent model in which to study 
specific immune regulation40,41. In this regard, 
the expansion of Tregs with a super agonist 
CD28 antibody led to a reduction in the sever-
ity of DSS colitis40,42.

A regulatory role for B cells in colitis was first 
shown in TCRα−/− mice that spontaneously 
develop chronic colitis, exhibiting more severe 
disease in the absence of B cells40,43.

Similarly, the severity of spontaneous colitis 
in SCID mice induced by the adoptive transfer 
of CD4+CD45RBhi cells was attenuated by the 
cotransfer of B cells40,44.

Regulatory cytokine secretion

The immunoregulatory cytokines play a criti-
cal role in the immune response of IBD. Reg-
ulatory cytokines such as IL-10, IL-35, and 

IL-37 are essential for maintaining the integrity 
and homeostasis of intestinal tissue epithelial 
layers. These cytokines can promote innate 
immune responses from tissue epithelia to lim-
it the damage caused by viral and bacterial 
infections. These cytokines can also facilitate 
the tissue-healing process in injuries caused by 
inflammation45.

IL-35

IL-35 is a member of IL-12 family, and it has 
anti-inflammatory/immunosuppressive proper-
ties. Li et al. showed that the IL-35 is not 
constitutively expressed in non-stimulated hu-
man tissues; IL-35 is produced by regulatory 
T cells (Foxp3+ Tregs) and by activated den-
dritic cells (DCs)46 and this novel cytokine can 
down-regulate Th17 cell development and in-
hibits autoimmune inflammation47.

The increased immunity found in mice lack-
ing the IL-35 production by B cells was asso-
ciated with higher activation of macrophages 
and inflammatory T cells, as well as an 
increased function of B cells as antigen-pre-
senting cells48. Moreover, Wirtz et al. have 
demonstrated that IL-35 protects against the 
development of T-cell–dependent colitis in 
mice39.

IL-37

IL-37 is an anti-inflammatory cytokine in the 
IL-1 ligand family49. The IL-37 plays an import-
ant role in the development and progression of 
inflammatory and autoimmune diseases50; it 
may be associated with the development of 
pediatric IBD51. IL-37, which is normally ex-
pressed at low levels in peripheral blood mono-
nuclear cells (PBMCs), mainly monocytes, and 
DCs is rapidly up-regulated in the inflammato-
ry context52, and therefore IL-37 conversely 
inhibits the production of inflammatory cyto-
kines in PBMCs and DCs of patients with sys-
temic lupus erythematosus. In addition, IL-37 
effectively suppresses the activation of macro-
phage and DCs. DCs expressing IL-37 are 
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tolerogenic, thereby impairing activation of ef-
fector T-cell responses and inducing Treg cells. 
The IL-37 thus emerges as an inhibitor of 
adaptive immunity53.

Environmental factors in the 
pathogenesis Of IBD

Recently, Ananthakrishnan and Bernstein et 
al.1 have discussed the current conceptualiza-
tion, evidence, progress, and direction sur-
rounding the association of environmental 
factors with IBD. The authors suggest an im-
portant role of environmental factors such as 
diet, exercise, smoking, infections, microbiota, 
pollution, geography, psychological state, ed-
ucation level, and mode of birth contributing to 
IBD pathogenesis.

In this context, this review discusses some 
of these relevant factors involved in the patho-
genic of IBD, such as diet and microbiota.

Diet

The increasing incidence of IBD in develop-
ing countries suggests that environmental fac-
tors, such as diet, are also critical components 
of disease susceptibility. A recent report from 
the European Prospective Investigation in Can-
cer study, did not identify a correlation be-
tween body mass index (a measure of obesity) 
and IBD morbidity, therefore proposing that a 
hypercaloric diet per se is not enough to trigger 
the development of IBD. The result not support 
the hypothesis that dietary fiber is involved in 
the etiology of UC54. Evidence suggests that 
consumption of a Western diet, enriched with 
saturated fat, refined carbohydrates, and food 
additives, is associated with increased IBD 
risk55.

Westernized diet, defined as high dietary in-
take of saturated fats and sucrose and low 
intake of fiber, represent a growing health risk 
contributing to the increased occurrence of 
metabolic diseases, e.g., IBD, diabetes, and 
obesity in countries adapting a westernized 
lifestyle56.

Recently Dixon et al.55 in a recent review 
discussed how genetic and dietary risk factors 
synergize to promote IBD, and they remark the 
relevance between IBD-associated polymor-
phisms with alterations in mucosal barrier func-
tion, innate bacterial killing, immune regulation, 
and microbiota function. Dietary risk factors 
also influence many of these functions and 
may combine with genetic factors to either 
exaggerate a primary defect or impair multiple 
intestinal homeostasis mechanisms. The au-
thors discuss the example where individuals 
with genetic polymorphisms in ECM1 have in-
creased epithelial permeability that could be 
increased further by consumption of a high-fat 
diet, leading to the increased presence of mi-
crobial antigens or microbes that overwhelm 
normal regulatory mechanisms55.

Microbiota

In this context, the authors discussed the 
relationship between genetic factors and mi-
crobiota. They suggest alternately mechanism 
diet can influence the functional properties mi-
crobes leading to increased epithelial ad
herence and invasion, that when combined 
with genetic defects in innate bacterial killing  
(ATG16L1 or NOD2 polymorphisms), results in 
persistent infections that drive chronic inflam-
mation55.

Other study suggests that the changes as-
sociated with NOD2 genotype might only be 
seen at the mucosal level, or that environmen-
tal factors and prior inflammation are the pre-
dominant determinants of the observed dysbi-
osis in gut microbiota57.

In recent study Atsushi Hirano, Junji Umeno, 
and Yasuharu Okamoto et al.58 investigated 
paired mucosa-associated microbiota obtained 
from both inflamed and non-inflamed sites of 
UC patients and corresponding sites of non-
IBD controls. The authors observed that micro-
bial alpha diversity in both inflamed and non-in-
flamed sites was significantly lower in UC 
patients compared with non-IBD controls. 
There were more microbes of the genus 
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Cloacibacterium and the Tissierellaceae family, 
and there were less microbes of the genus 
Neisseria at the inflamed site when compared 
with the non-inflamed site in UC patients. De-
creased abundance of the genera Prevotella, 
Eubacterium, Neisseria, Leptotrichia, Bilophila, 
Desulfovibrio, and Butyricimonas was evident 
at the inflamed site of UC patients compared 
with the corresponding site of non-IBD con-
trols. Among these taxa, the genera Prevotella 
and Butyricimonas were also less abundant at 
the non-inflamed site of UC patients compared 
with the corresponding site in non-IBD con-
trols. Finally, they conclude mucosal microbial 
dysbiosis occurs at both inflamed and non-in-
flamed sites in UC patients. The taxa showing 
altered abundance in UC patients might medi-
ate colonic inflammation58.

In other recent study, in-depth analysis of 
microbial composition and functional proper-
ties at baseline and during the administration 
of vedolizumab treatment in patients with IBD 
in conjunction with clinical data using sophis-
ticated mathematical modelling revealed, that 
the functional microbial profile (including an 
increase in butyrate-producing microbes in re-
sponding CD patients) could be associated 
with therapeutic response59.

Eom et al.60 discussed the current under-
standing of microbiota- and dietary-therapies 
for treating IBD.They suggested the treatments 
of IBD usually includes medications such as 
corticosteroids, 5-aminosalicylates, antibiotics, 
immunomodulators, and anti-TNF agents, res-
toration of gut dysbiosis seems to be a safer 
and more sustainable approach. Bacteriother-
apy and dietary interventions are an effective 
way to modulate gut microbiota. In this review, 
we summarize factors involved in IBD and 
studies attempted to treat IBD with probiotics. 
The authors also discuss the potential use of 
microbiota therapies as one promising ap-
proach in treating IBD. As therapies based on 
the modulation of gut microbiota becomes 
more common, future studies should include 
individual gut microbiota differences to develop 
a personalized therapy for IBD60.

Conclusion

Recent studies have demonstrated the im-
portance of different factors such as genetic 
factors, autophagy, immunoregulatory path-
ways mediated by several immunological cells 
subtypes and cytokines, and environmental 
factors including diet, exercise, smoking, in-
fections, microbiota, pollution, geography, 
psychological state, education level, and 
mode of birth are all involved in the etiology 
of IBD. The study of this field might have a 
potential role in the future treatment of this 
kind of patients.
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