
and non-classical major histocompatibility complex (MHC) 
class Ⅰ and Ⅱ genes, and other genes, namely MHC 
class Ⅲ genes tumor necrosis factor (TNF)-α and -β, and 
Hsp, whose proteins play key functions in immunologi-
cal processes. To date, it is not clear which genes within 
the MHC family contribute to the IBD pathogenesis, 
although certain HLA alleles have been associated with 
IBD. Recent insights into the biological function of other 
genes encoded within the IBD3 region, such as the MHC 
class Ⅰ chain-related (MIC) genes, have led investigators 
to a more comprehensive exploration of this region. MHC 
class Ⅰ chain-related molecule A (MICA) is highly poly-
morphic and interacts with NKG2D, its receptor on the 
surface of NK, Tγδ and T CD8+ cells. Increased expres-
sion of MICA in intestinal epithelial cells and increased 
expression of NKG2D in CD4+ T cells (lamina propria) in 
patients with CD have also been reported. MICA alleles 
have also been associated with IBD, and a variation at 
amino acid position 129 of the α2-heavy chain domain 
seems to categorize MICA alleles into strong and weak 
binders of NKG2D receptor, thereby influencing the effec-
tor cells’ function. In this regard, a relevant role of MICA-
129-Val/Met single nucleotide polymorphism has recently 
been implicated in the pathogenesis of IBD. TNF-α and 
-β also play an important role in inflammatory response. 
In fact, IBD is commonly treated with TNF-α inhibitors. 
Additionally, polymorphisms of TNF-α  gene are known 
to affect the gene expression level and particular TNF-α 
genotypes may influence the response of IBD patients 
treated with TNF-α inhibitors.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review gathers information about the 
importance of IBD3 genomic region in susceptibility to 
inflammatory bowel disease (IBD). The new and old 
immunogenetic biomarkers of the IBD3 region (human 
leukocyte antigen, MHC class Ⅰ chain-related molecule A, 
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Abstract
Many studies have demonstrated the linkage between 
the IBD3 region (6p21.1-23), an area which encompass-
es the famous human leukocyte antigen (HLA) complex, 
and Crohn’s disease (CD) or ulcerative colitis (UC). IBD3 
is the only region that meets genome-wide significance, 
and provides stronger evidence of the linkage than 
16p13.1-16q12.2 (IBD1), the locus that contains the 
susceptibility gene CARD15 . However, despite these find-
ings, IBD3 susceptibility genes remain elusive and un-
clear due to the strong linkage disequilibrium, extensive 
polymorphism, and high gene density that characterize 
this area and also due to varying allele frequencies in 
populations around the world. This area presents an ex-
tremely high abundance of genes, including the classical 
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MHC class Ⅰ chain-related molecule B, and tumor necro-
sis factor-α and -β) and their role on IBD susceptibility 
are discussed in the light of recent publications. IBD3 
gene polymorphisms and their clinical relevance for the 
treatment of the IBD patients are also discussed. In-
sights into the natural history of these complex diseases 
may allow in the future appropriate patient selection for 
early aggressive therapy aimed at modifying the course 
of the disease.
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INTRODUCTION
Inflammatory bowel diseases (IBD) are an idiopathic 
disease that seems to involve an immune reaction of  the 
body to its own intestinal tract. The two major types of  
IBD are ulcerative colitis (UC) and Crohn’s disease (CD). 
Although both UC and CD present different pathologic 
findings, a significant percentage of  patients are classi-
fied as indeterminate IBD. Twin studies and segregation 
analysis strongly support IBD, especially CD, as complex 
genetic traits[1], whose etiology also involves immuno-
logical and environmental factors. These pathologies are 
polygenic-related diseases that share some susceptibility 
loci, but differ at others. A number of  studies have been 
performed to identify IBD susceptibility chromosomal 
regions, and in some of  them causative genes have been 
found[2-5]. However, although these studies have indicated 
multiple regions of  interest, the replication of  these re-
sults has been rather limited. IBD susceptibility genes 
have classically been identified with different and con-
secutive names, depending on the chromosomes involved 
[e.g., 5q31 (IBD2), 6p21 (IBD3) and 19p (IBD4)], while 
several loci of  interest (e.g., at 3p, 3q, 14q and others) re-
quire further follow-up.

From a functional point of  view, active IBD is immu-
nologically defined as an infiltration of  the lamina pro-
pria by innate immune cells (neutrophils, macrophages, 
dendritic and NK cells) and adaptive immune cells (B and 
T cells). Increased numbers and activation of  these cells 
in the intestinal mucosa enhance local levels of  tumor 
necrosis factor (TNF), located in the IBD3 region, and 
other pro-inflammatory interleukins[3,6]. Cytokines are also 
essential mediators of  the interaction between activated 
immune cells and non-immune cells, including epithelial 
and mesenchymal cells. Moreover, germ-line variation 
in IL23R, IL12B, JAK2 and STAT3 has recently been 
associated with IBD susceptibility, consistent with the 
newly described role for IL-23 signaling and Th17 cells in 
inflammatory disease pathogenesis. Additionally, several 

genes involved in different aspects of  bacterial handling, 
such as NOD2 (from now on called CARD15) on hu-
man chromosome 16 (IBD1) and the autophagy genes 
ATG16L1 and IRGM, are defective only in CD. IL10 and 
ECM1 are associated with UC, and an inherited variation 
at the human leukocyte antigen (HLA) region (IBD3) 
is related to an inflammatory colonic phenotype[7-16]. In 
fact, other non-classical HLA genes, such as HLA-G and 
MIC (major histocompatibility complex (MHC) class I 
related chain), are also implicated in IBD pathology[4,17,18].

In the last years, the application of  genome-wide as-
sociation studies (GWAS) has been successful in defining 
the genetic architecture of  CD and UC and in delivering 
genuinely novel and important insights into disease patho-
genesis. The recent “Immunochip” study[19], carried out 
by the International IBD Genetics Consortium, has led to 
the validation of  163 genetic loci containing susceptibil-
ity genes for IBD[5,20,21], including 71 newly established, a 
number that is expected to double in the next years. In the 
“Immunochip” study, the maximal genetic association for 
UC at single nucleotide polymorphism (SNP) rs6927022 
mapped adjacent to HLA-DQA1 class Ⅱ gene (between 
DQB1 and DRB1). However, there was no evidence 
of  this SNP conferring the risk of  developing CD. CD 
maximal association mapped to HLA class Ⅰ region and 
showed no association with UC. These results showed 
that the HLA region, central to autoimmunity, is especially 
important and broad-based (influencing a large segment 
of  the at-risk population) to UC. On the other hand, the 
HLA association with CD seems to be less important and 
distally located, at least in Caucasians.

Finally, although important obstacles need to be over-
come, the successes of  the last years suggest that a de-
tailed description of  the genetic basis of  IBD is a realistic 
goal. This has unearthed a plethora of  attractive targets 
for the development of  future therapeutics. Insights into 
the natural history of  these complex diseases may allow in 
the future appropriate patient selection for early aggres-
sive therapy aimed at modifying the course of  the disease.

In this review, we will analyze the new and old immu-
nogenetic biomarkers of  the IBD3 region and their role 
on IBD susceptibility, in the light of  recent publications. 
In this context, HLA, MICA, MICB, and TNF-α and -β 
are the most important genes involved.

HLA SYSTEM AND IBD
Since the first report of  an HLA association with IBD 
in 1972, more than 150 studies investigating the role of  
HLA genes in determining susceptibility and phenotype 
of  IBD have been published[22]. The HLA complex en-
codes more than 225 genes, and GWAS have shown con-
sistent evidence of  its linkage to IBD3 (6p21.1-23)[23-25]. 
This has been demonstrated in several independent stud-
ies of  both CD and UC[26-28]. The structure of  this region 
is shown in Figure 1. The importance of  this area was 
further highlighted by a meta-analysis of  ten published 
genome-wide scans[3]. IBD3 was the only locus that met 
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genome-wide significance and provided stronger evi-
dence of  linkage than 16p13.1-16q12.2 (IBD1), the locus 
that contains the susceptibility gene CARD15. Although 
it is difficult to estimate the importance of  this region in 
determining the overall genetic susceptibility, calculations 
derived from studies of  HLA allele sharing within fami-
lies suggest that this region could contribute to 10%-33% 
of  the total genetic risk of  CD and 64%-100% of  that 
of  UC. Thus, the HLA locus association is far more pro-
nounced for UC than for CD. Before the associations 
with NOD2 were discovered, the only consistent genetic 
associations were those with HLA gene polymorphisms, 
especially of  the highly polymorphic HLA class Ⅱ genes, 
which are responsible for the presentation of  foreign an-
tigens to T-lymphocytes. 

In this respect, our group has recently found an in-
creased frequency of  HLA-A*03, -DRB1*13, -DRB1*01 
and -DRB1*01:03 alleles and a decreased frequency 
of  DRB1*15 allele in CD patients compared with UC 
patients[7]. These data are concordant with previous 
studies that suggest that, among British patients, HLA-
DRB1*01:03 was associated with the development of  
severe isolated colonic CD, defined by the requirement 
for infliximab (anti-TNF-α) or colectomy[1,29], while posi-
tive association of  CD pathology was found with HLA-
DRB3*03:01 and -DRB1*13[30,31]. The association of  
HLA-DRB1*01:03 with UC has also been confirmed 
in other studies[32]. Moreover, HLA-DRB1*15 was also 
negatively associated with CD[7], which explains a previ-
ous negative association with the serological antigen 
HLA-DR2 in the 1999 meta-analysis[31]. This allele seems 
to confer protection against all subgroups of  CD pathol-

ogy, in all ethnic groups, including Japanese. In addition, 
in our UC patients, allele frequencies of  HLA-DRB1*15 
were strongly increased compared with CD patients[7]. 
This data agree with other reports showing that HLA-
DRB1*15 is associated with UC in the European[27], 
North American[33], Japanese[34] and Korean[35] popula-
tions. However, HLA-DRB1*07 frequency allele, associ-
ated in unselected patients with CD in other studies[1,25,26], 
was not associated to CD in our study[7]. Additionally, in 
contrast to other studies[31,36-38], we were not able to find 
an increased frequency in HLA-DRB1*04 allele in CD 
patients. However, the frequency of  HLA-DRB1*04 was 
decreased in UC compared with CD patients[7]. Addition-
ally, HLA-DRB1*04 allele was also negatively associated 
with UC in the Northern European and Japanese popula-
tions, in contrast to the positive association with CD[30].

It was reported that in the Spanish population, the 
only DR alleles significantly associated with the disease 
were DR3 (very strong protection) and DR4 (weak pro-
tection)[39]. The strong protective effect of  DR3 was 
evenly distributed among the haplotypes DR3-TNFa1b5, 
DR3-TNFa2b3, and DR3-TNFother. These results 
showed the strong protective effect of  DR3 in this 
population, which suggests that the relevant protective 
gene could be located centromeric to TNF-α and TNF-β 
markers.

Recent results showed that IBD Tunisian patients 
have an increased frequency of  the homozygous 
DRB1*07 genotype[40]. In UC patients, DQB1*03:02 was 
also predictive of  colonic extension, whereas DRB1*13 
and DQB1*03:01 were associated with limited disease 
localization (left-sided colitis and proctitis). The same 
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Figure 1  Localization of the MIC genes in the major histocompatibility complex class Ⅰ region on the short arm of human chromosome six. Classical hu-
man major histocompatibility complex (MHC) class I locus (HLA-A, -B and -C), non-classical MHC (HLA-E, -F and -G) (grey boxes), and TNF-α  and HFE (white box) 
are shown. Pseudogenes are painted in black boxes.
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Recent insights into the biological function of  other 
genes encoded within the IBD3 region have also led in-
vestigators to a more comprehensive exploration of  this 
region. An example of  this is the analysis of  MIC genes 
presented in the next section.

MIC GENES AND IBD
Polymorphism of MIC Molecules
On the 2 Mb class Ⅰ segment in the short arm of  hu-
man chromosome 6, multiple MHC class Ⅰ chain-related 
(MIC) loci have been identified[46,47]. The genes at these 
loci represent a second lineage of  mammalian MHC class 
I genes. The MIC genes include seven members (MICA 
to MICG), five of  which are pseudogenes and gene frag-
ments, and two, namely MICA and MICB, are functional 
genes closely related to each other (Figure 1). 

They code for stress-induced cell surface molecules, 
which do not associate with β2-microglobulin and do not 
appear to present peptides[48], since the putative peptide-
binding groove is too narrow to accommodate a ligand. 
This suggests that MICA/MICB are not antigen-present-
ing molecules[49]. MICA gene has an overall homology of  
83% with MICB gene, but their homology with the clas-
sical MHC class Ⅰ genes is quite low, ranging from 15% 
to 35%[50].

MICA/MICB polymorphic residues are positioned 
on the outer edge of  an antigen-binding cleft, appar-
ently bordering an invariant ligand-binding site, unlike 
MHC class Ⅰ molecules[51,52]. The functional significance 
of  these polymorphisms is unknown, although certain 
changes in the amino acid sequence of  the protein in-
fluence the abnormal expression[4,53,54] or the affinity in 
the interaction with NKG2D/DAP10, its ligand on the 
surface of  NK, Tγδ and T CD8+ lymphocytes. MIC 
triggers the cytolysis mediated by these NKG2D-bearing 
cells (Figure 2). It has been demonstrated that the allelic 
diversity at the MICA locus affects ligand binding be-
tween MICA and NKG2D, potentially affecting NK-cell 
activation and the modulation of  T-cell responses[4,46,55]. 
Therefore, the presence of  methionine or valine at codon 
129 of  α2 domain could confer strong and weak affinity, 
respectively. Alleles at the MICA locus can be defined as 
strong or weak binders depending on their capacity to 
bind NKG2D. The strong NKG2D binding alleles share 
methionine at position 129, whereas weak binding alleles 
have valine at this position. In this respect, high-affinity 
alleles include MICA*001, *002, *007 and *017, while 
low-affinity alleles include MICA*004, *006, *008, *009 
and *010[51]. Although the significance of  high/low affin-
ity for NKG2D in terms of  immune activation is unclear, 
knowledge of  specific haplotypes may provide valuable 
information with regard to modern population’s ancestry, 
admixture and the selective pressures maintaining such as 
linkage.

The crystal structure of  the MICA-NKG2D complex 
has also revealed that NKG2D binds as a homodimer 
to one molecule of  MICA[4,55]. One of  the NKG2D 

study showed that DRB1*15 allele was also increased 
in patients with extra intestinal manifestations. In CD, 
female patients showed an increased frequency of  the 
DRB1*13, *15, and DQB1*06 alleles and DRB1*13-
DQB1*06 haplotype, whereas male patients showed a 
significant increase of  the DRB1*07, DQB1*02 alleles, 
and DRB1*07-DQB1*02 haplotype. These recent results 
suggest a significant association of  the homozygous 
HLA-DRB1*07 genotype with UC and CD and of  sev-
eral HLA-DR/DQ alleles and haplotypes with the clinical 
phenotypes of  these diseases. At the same time, it had 
also been reported that IBD patients had lower odds of  
DQ2/8 positivity compared with healthy controls in an 
Italian population[41]. Similarly, a pathogenetic link of  
HLA-B27 between CD and primary sclerosing cholangi-
tis in South Africans has been reported[42]. 

HLA-C gene has also been reported to associate with 
IBD in a study that suggests that HLA-C*07 and -C*12 
alleles may be strongly associated with the susceptibil-
ity to UC and CD, respectively[43]. Interestingly, GWAS 
of  Japanese population[44] showed that although HLA-
C*12:02-B*52:01-DRB1*15:02 haplotype increases sus-
ceptibility to UC when compared with the frequency of  
healthy controls, this haplotype reduces the risk of  non-
colonic CD, whereas it has no effect on colonic CD. 

HLA-G is another gene associated with IBD (Figure 
1). HLA-G is a non-classical MHC class Ib molecule, 
predominantly expressed in cytotrophoblasts and, under 
pathological conditions, in chronically inflamed tissue. 

An interesting study investigating a 14-bp deletion 
polymorphism (Del+/Del-) (rs16375) within exon 8 
of  the HLA-G gene revealed significant differences 
between UC and CD[18]. Heterozygous genotype and 
the homozygous Del- phenotype were significantly in-
creased, whereas the homozygous Del+ phenotype was 
significantly decreased when UC was compared with CD. 
The fact that the deletion in exon 8 of  the HLA-G gene 
seems to influence its transcription activity suggests that 
the HLA-G gene might play a role in the pathogenesis of  
IBD.

Other polymorphisms in this region have also been 
associated with IBD. In this regard, significant association 
with the rs2395185 variant of  the HLA gene and steroid-
response, and positive family history in UC patients has 
recently been reported[45]. For the HLA-rs2395185 SNP 
this association persisted both in the adult- and in the 
pediatric-onset subset of  patients with a positive family 
history. 

The unclear role of  different HLA molecules in IBDs 
might be explained by either different affinity to the same 
peptide or by the HLA molecules binding with different 
strength to different molecules. In this respect, the IBDs 
might be explained by molecular mimicry hypothesis[1,15]. 
Cross-reactivity of  peptides derived from bacterial lu-
minal flora (similar in their structure to HLA antigens) 
with host “self ” antigens present in the gut may lead to 
the generation of  auto-reactive T lymphocytes that either 
stimulate or inhibit the immune system.
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molecules binds mostly to the α1 domain of  MICA, 
while the other NKG2D molecule binds mostly to the 
α2 domain. The NKG2D homodimer overlays MICA 
diagonally, and αβTCR overlays MHC class Ⅰ molecules 
in a similar way. The hypothetical binding pockets of  
MICA remain free of  any ligand confirming that MICA 
is not an antigen-presenting molecule. The half-life for 
the MICA-NKG2D complex indicates that it is more 
stable than the complexes formed by TCR and MHC 
class Ⅰ molecules[50].

Furthermore, some authors have also suggested that 
MICA should be considered a cell homeostasis sensor 
rather than a cell stress sensor whose up-regulated ex-
pression is induced not only by cell distress but also by 
strong proliferation and pro-inflammatory stimuli that 
disrupt the cellular homeostasis and elicits a cytotoxicity 
that eliminates altered cells, thus contributing to the res-
toration of  the normal homeostasis[56].

MICA has also been shown to play a role in very dif-
ferent aspects of  the immune response, such as solid 
transplant rejection, immune response against viruses 
and intracellular bacteria, inflammation, homeostasis of  
epithelia, mother-fetus tolerance and immune response 
against tumors[55-59].

MICA/MICB Molecules in Intestinal Pathology
Different studies have demonstrated that MIC genes are 
implicated in intestinal homeostasis. In fact, MICA is a 
stress-inducible cell surface antigen that is recognized by 
intestinal epithelial Vδ1 γδ T cells, NK cells and CD8+ 
T cells with their NKG2D receptor participating in the 
immunological reaction in intestinal mucosa. With regard 
to intestinal pathology, patients suffering active celiac 
disease with villous atrophy showed a strong MICA ex-
pression on the cells of  crypts[60]. MICA is also expressed 
in villous epithelial cells of  the gut in normal or disease-
free individuals, but its localization is mostly intracellular. 

IL-15, which is over-expressed in the intestine of  patients 
with celiac disease, appears to be involved in this up-
regulation of  MICA expression and contributes to the 
cytotoxicity of  NKG2D+ intraepithelial lymphocytes 
(IELs)[61-63]. These cells lyse target epithelial cell lines in a 
NKG2D-dependent way, developing villous atrophy. 

On the other hand, MICA-A5.1 polymorphism has 
been associated with the risk of  atypical celiac disease, 
while a double dose of  MICA 5.1 allele could predispose 
to celiac disease with gastrointestinal symptoms[64,65]. 
Another study has shown that MICB gene is also associ-
ated with celiac disease and that both MICB*008 and 
MICB*002 alleles are part of  the celiac disease suscepti-
bility extended haplotypes B8/DR3/DQ2, B18/DR3/
DQ2, and DR4/DQ8[66].

With respect to IBD pathology, increased expression 
of  MICA in intestinal epithelial cells and increased ex-
pression of  NKG2D in CD4+ T cells (lamina propria) in 
patients with CD have been reported[67]. 

Lü et al[68] investigated the association of  the micro-
satellite polymorphisms in the intron 1 of  MICB and 
the MICA-MICB haplotype with the susceptibility to 
UC in the Chinese population. All the subjects were of  
Chinese Han ethnicity. The frequency of  MICB-CA18 
was significantly higher in UC patients compared with 
healthy controls and was increased in the female patients 
compared with the female healthy controls. Thus, MICB-
CA18 seems to be positively associated with UC in the 
Chinese population. 

The same group generated MICA*A5.1-expressing 
Raji cells by gene transfection in a later study[69] which 
also showed that the frequency of  MICA*A5.1 was signif-
icantly higher in UC patients compared with the healthy 
controls and that the frequency of  a MICA*A5.1/A5.1 
homozygous genotype was increased in UC patients. 
Raji cells with MICA*A5.1 expression produced in-
deed more soluble MICA than Raji cells with full-length 
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Figure 2  NKG2D signalling requires association 
with the DAP10 adapter protein. Engagement of 
NKG2D on NK cells [e.g., via binding of the ligand 
MHC class Ⅰ chain-related molecule A (MICA)] can 
trigger cytolytic activity. It can also elicit cytokine pro-
duction (e.g., MIP-1β, TNF-α and IFN-γ)[7]. 
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MICA expression in culture supernatant. Raji cells with 
MICA*A5.1 expression were more resistant to killing by 
NK cells than Raji cells with full-length MICA expres-
sion. Thus, the MICA*A5.1 allele and MICA*A5.1/A5.1 
genotype seem to be significantly associated with Chinese 
UC patients in central China. The authors suggested that 
MICA*A5.1 may play a role in the development of  UC 
by producing more soluble MICA and resistance to NK 
cells. The association of  MICB exon 2-4 polymorphisms 
and sMICA expression with the susceptibility to UC in 
central China was also investigated by the group[70]. Their 
results showed that allele frequency of  MICB0106 was 
significantly higher in UC patients than in healthy con-
trols, especially in patients with extensive colitis, moder-
ate and severe disease, extraintestinal manifestations, 
male patients, and patients over the age of  40 years. The 
sMICA level was also significantly higher in UC than in 
healthy controls but not associated with the MICB0106 
genotypes. In 2011, they obtained intestinal mucosal bi-
opsies from patients with UC[71] and observed that the 
relative amount of  MICA mRNA in the colonic mu-
cosa of  UC patients was significantly higher compared 
with controls, as were the MICB and NKG2D mRNA 
expressions. Confocal microscopy resonance scanning 
also showed that MICA was localized predominantly on 
the basolateral membranes of  the epithelium. Further 
flow cytometry confirmed that the percentage of  IFN-γ 
producer NK cells that expressed NKG2D in peripheral 
blood lymphocytes was higher in UC patients than in the 
healthy controls. Thus, MICA, MICB and NKG2D were 
up-regulated in the colonic mucosa of  UC and were as-
sociated with activating NK cells with enhanced NKG2D 
and IFN-γ production.

On the other hand, our group found no statistical 
differences in the distribution of  MICA alleles between 
the IBD, CD and UC patients in the Spanish popula-
tion, in a recent study[4]. Our data corroborated the first 
reported studies showing no association of  CD pathol-
ogy and MICA allele polymorphism and contradict 
other studies showing that UC is mostly associated with 
MICA*007, and Type 2 IBD peripheral arthropathy with 
MICA*008[17,67,72]. 

The association between the polymorphism of  the 
transmembrane region of MICA and the genetic suscep-
tibility in Tunisian patients with IBD has been recently 
studied[73]. No MICA alleles were significantly increased in 
IBD compared with controls. The MICA-A5.1 allele was 
significantly decreased in CD patients. In UC, MICA-A6 
was associated with the presence of  extraintestinal mani-
festations, whereas MICA-A5 was associated with late age 
of  onset. In CD, MICA-A6 was significantly increased in 
active disease patients when compared with moderately 
active or inactive disease. In conclusion, MICA seems to 
play a disease-modifying role, rather than being an impor-
tant gene in the susceptibility to IBD in the South Tuni-
sian population.

Finally, a recent meta-analysis shows that MICA al-
leles are associated with ulcerative colitis in Asians[74].

On the other hand, a variation at amino acid position 
129 of  the α2-heavy chain domain (MICA-129 Val and 
Met) seems to categorize MICA alleles into strong and 
weak binders of  the NKG2D receptor and thereby to 
influence effector cells’ function[4,53]. Evidence supporting 
this hypothesis was provided by Zhao et al[54]. The authors 
showed that the frequency of  MICA-129 Val/Val geno-
type, as well as serum sMICA levels were significantly 
higher in UC patients than in the controls. Moreover, 
higher levels of  sMICA were associated with severe coli-
tis in the patients.

On the contrary, we have recently found a higher fre-
quency of  MICA-129 Met/Met and a lower frequency of  
MICA-129 Val/Met genotypes in IBD patients (mainly in 
UC) compared with control subjects[4,75]. All these prelim-
inary data suggest a relevant role of  MICA-129-Val/Met 
SNP (weak/strong binders of  NKG2D receptor) in the 
pathogenesis of  IBD[55]. However, MICA may be in link-
age disequilibrium with another gene or genes that are in 
fact responsible for the protection against IBD, in which 
case it would involve a secondary disease association. 
In any case, these facts need to be confirmed by further 
studies. In conclusion, a relevant role of  MICA-129-Val/
Met SNP (weak/strong binders of  NKG2D receptor) in 
the pathogenesis of  IBD may imply an association with 
the protection against the disease, although whether it 
confers primary or secondary protection remains to be 
determined.

TNF-a AND TNF-b
TNF-α and -β are key cytokines known to play a role in 
inflammatory responses, and the loci for these genes are 
found in the IBD3 region on chromosome 6p21, which is 
known to be associated with an increased risk for IBD. 

TNF-α/TNF receptor interactions do not only play 
a pivotal role in the pathogenesis of  the inflammatory 
response, but also cause apoptosis, cell proliferation, and 
differentiation[76]. Alterations in the regulation of  TNF-α, 
especially TNF-α over-production, have been implicated 
in a variety of  symptoms associated with autoimmune 
disorders, including IBD, and especially CD[77]. Inflamma-
tion, anorexia, and weight loss are also all associated with 
increased levels of  circulating TNF-α that are seen in 
CD[15].

In fact, three anti-TNF agents, namely infliximab 
(IFX), adalimumab and certolizumab pegol have been 
approved by the US Food and Drug Administration for 
the treatment of  luminal CD[6]. IFX has also been ap-
proved for fistulising CD and UC. The advent of  these 
anti-TNF-α agents has also changed the way of  treating 
IBD refractory to standard medications[76,78]. Clinical tri-
als showed that IFX response varies among patients. It 
would be beneficial if  the efficacy could be predicted by 
genetic factors since these treatments are very expen-
sive. In this sense, a recent report shows a relationship 
between the TNF receptor polymorphism and the IFX 
response in Japanese patients[78].
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Several SNPs in the TNF-α promoter region are 
known to affect its gene expression (e.g., -238G/A and 
-308G/A)[79]. Such variations in the TNF-αpromoter 
region have previously been associated with the suscep-
tibility to a range of  autoimmune disorders, asthma, pso-
riasis and rheumatoid arthritis[79-82]. The -238G/A SNP is 
associated with a lower production of  TNF-α in patients 
with ulcerative colitis[83]. Conversely, the -308A allele is as-
sociated with enhanced TNF-α production in cells in vitro 
and in CD patients in vivo[84,85]. 

The TNF-α-308G/A and the TNF-β NcO1 polymor-
phisms have also been associated with survival in sepsis 
or septic shock of  various origins. Polymorphisms of  the 
TNF-α-308 and TNF-β+252 do not correlate with age, 
gender, disease activity or lesion site[86,87] in the Chinese 
population.

In a recent study, we did not find differences in indi-
vidual TNFα -238G/A and -308G/A SNPs allele and 
genotype frequencies between CD, UC and IBD patients. 
These data contrast with other reports showing that the 
-308 G/A SNP could be associated with IBD susceptibil-
ity[79], while they agree with Cao et al[86]. A recent meta-
analysis showed that TNF-α-308 polymorphisms are also 
associated with ulcerative colitis in Asians[74], whereas 
another study from Northern India [evaluating TNF-α 
(-1031T > C, -863C > A and -857C > T)] showed that 
the high-producing genotype of  TNF-α (-863AA) was 
associated with increased risk of  IBD, and more so with 
UC[88]. Similarly, the combined effect of  TNF-α poly-
morphisms in haplotype analysis demonstrated addition-
ally increased risk of  IBD.

 However, in the TNF-α promoter gene polymor-
phism (-308G/A SNP) study, we found an increased fre-
quency of  the -308A allele and -308GA genotype in the 
non-responders to anti-TNF treatment compared with 
responder patients[89]. This -308GA genotype has been 
classified as a high producer of  TNF-α cytokine[80,82], 
which could explain the different response of  IBD pa-
tients to TNF-α inhibitor treatment. It can be argued 
that in situations with a higher production of  TNF-α, 
its inhibitor could not be completely inhibitory, thus 
promoting a worse clinical response to TNF-α inhibi-
tors. In addition, no differences were found between the 
two drugs used[89]. In any case, more polymorphisms af-
fecting the biological response and the responder/non-
responder status of  anti-TNF should be investigated, 
since the contribution of  these genotypes to the immune 
response may be weak. It should also be mentioned that 
no analysis of  the biological response of  anti-TNF has 
been performed in this study. 

Given the inter-individual variability in the response 
to the anti-TNF monoclonal antibody IFX, the predictive 
value of  TNF and/or IL1β as surrogate markers of  IFX 
response was recently studied[90]. Baseline serum concen-
trations of  TNF and IL1β were higher in UC patients 
than in CD patients. CD patients showing < 0.64 pg/mL 
IL1β at baseline were more frequently responders than 
non-responders, and the C allele of  the IL1B polymor-

phism was associated with higher IL1β serum concentra-
tions and with poorer clinical remission after 14 wk of  
IFX treatment. No significant association was found be-
tween serum TNF concentration or TNF polymorphisms 
and patient response to IFX. 

New data on adaptive immunity are emerging, indicat-
ing that: (1) the mucosal Th1 and Th2 responses of  IBD 
may be actually secondary to defects of  the innate im-
mune response; (2) the dysfunction of  regulatory T cells 
may be contributing to mucosal immune abnormalities; 
and (3) the newly described Th17 cells are also promi-
nently involved in the gut inflammatory response in both 
forms of  IBD[15]. In fact, TNF is synthesized by different 
cells, mostly of  monocyte line and T lymphocytes[6], and 
also intestinal epithelial cells (IEC). All known responses 
to TNF are triggered by binding to one of  two distinct 
receptors, designated TNFR1 (also known as TNFRS-
F1A, CD120a, p55) and TNFR2 (also known as TNFRS-
F1B, CD120b, p75), which are differentially regulated on 
various cell types in normal and diseased tissue[79]. 

TNF-α induces the expression of  various genes, 
such as urokinase plasminogen activator, cyclooxygenase 
Ⅱ (COX Ⅱ) and vascular endothelial growth factor by 
activating the nuclear factor-κB[91]. In this way TNF-α 
performs multiple biological functions, such as increasing 
leukocyte recruitment (induction of  leukocyte adhesion 
molecules)[92,93], modulation of  nitric oxide (NO) produc-
tion (by increasing vascular permeability)[94,95], induction 
of  secretion of  proinflammatory cytokines[96], and the 
proliferation and differentiation of  immune cells.

Chronic ulcerative colitis (CUC) is characterized by 
increased IEC apoptosis associated with elevated TNF, 
inducible nitric oxide synthase (iNOS), and p53. In ad-
dition, p53 has been reported to be increased in crypt 
IECs in human colitis and is needed for IEC apoptosis 
in chronic dextran sulfate sodium-colitis[97]. Goretsky et 
al[97] examined the roles of  TNF and iNOS in the regula-
tion of  p53-induced IEC apoptosis in CUC. The IEC 
TUNEL staining, caspases 3, 8, and 9, and p53 protein 
levels, induced by anti-CD3 mAb activation of  T cells, 
were markedly reduced in TNF receptor 1 and 2 gene 
knockout mice. Induction of  IEC apoptosis correlated 
with increased p53, which was attenuated in iNOS(-/-) 
mice. IEC p53 levels and apoptosis were also reduced 
in IL-10 (-/-) colitic mice treated with neutralizing TNF 
mAb and the iNOS inhibitor, aminoguanidine, further 
suggesting that TNF and iNOS are upstream of  p53 dur-
ing colitis-induced IEC apoptosis. IEC apoptosis and p53 
levels were assessed in control vs untreated or anti-TNF-
treated CUC patients with equivalent levels of  inflam-
mation. In this study, IEC apoptosis and p53 levels were 
clearly higher in untreated CUC but markedly reduced in 
patients treated with anti-TNF mAb. Therefore, TNF-
induced iNOS activates a p53-dependent pathway of  
IEC apoptosis in CUC. The inhibition of  IEC apoptosis 
may be an important mechanism for mucosal healing in 
anti-TNF-treated CUC patients.

However, the mechanisms of  action of  anti-TNF-α 
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agents are still unclear[6,98,99]. The neutralization of  TNF-α 
in the inflamed mucosa is unlikely to be a sufficient ex-
planation. Antibody-dependent cytotoxicity also induces 
apoptosis or lysis of  TNF-α-producing cells[59,100]. This 
mechanism involves the Fc portion of  antibodies that 
increases the pro-apoptotic factor caspase-3[76].

Finally, RNA interference (RNAi) holds great prom-
ise for the specific and selective silencing of  aberrantly 
expressed genes, such as TNF-α in IBD. A very recent 
study investigates the efficacy of  an amphiphilic cationic 
cyclodextrin (CD) vector for effective TNF-α siRNA 
delivery to macrophage cells and to mice with induced 
acute-colitis[101]. RAW264.7 cells were transfected with 
CD.TNF-α siRNA, stimulated with lipopolysaccharide 
(LPS). Female C57BL/6 mice were exposed to dextran 
sodium sulphate (DSS) and treated by intra-rectal ad-
ministration with either CD. TNF-α siRNA or a control 
solution. In vitro, siRNA in CD nanocomplexes remained 
intact and stable in both fed and fasted simulated co-
lonic fluids. RAW264.7 cells transfected with CD.TNF-α 
siRNA and stimulated with LPS displayed a significant 
reduction in both gene and protein levels of  TNF-α and 
IL-6. CD. TNF-α siRNA-treated mice revealed a mild 
amelioration in clinical signs of  colitis, but significant 
reductions in total colon weight and colonic mRNA ex-
pression of  TNF-α and IL-6 compared to DSS-control 
mice were detected. This data seems to indicate the clini-
cal potential of  a local CD-based TNF-α siRNA delivery 
system for the treatment of  IBD.

In sum, a number of  IBD immunogenetic markers 
have been identified[102-104], and further investigation may 
establish new approaches to these enigmatic pathologies. 

To conclude, further large-scale and functional studies 
of  IBD3 genes and polymorphisms are required in order 
to determine specific associated variations within the loci 
responsible for the gene dysfunction that confers the risk 
of  IBD, and to identify gene variants that may alter the 
response to the treatment.
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