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Review Article 
Inflammatory bowel disease  
related innate immunity and adaptive immunity
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Abstract: Inflammatory bowel disease (IBD) is a chronic nonspecific intestinal inflammatory disease, including ulcer-
ative colitis (UC) and Crohn’s disease (CD). Its pathogenesis remains not yet clear. Current researchers believe that 
after environmental factors act on individuals with genetic susceptibility, an abnormal intestinal immune response 
is launched under stimulation of intestinal flora. However, previous studies only focused on adaptive immunity in 
the pathogenesis of IBD. Currently, roles of innate immune response in the pathogenesis of intestinal inflammation 
have also drawn much attention. In this study, IBD related innate immunity and adaptive immunity were explained, 
especially the immune mechanisms in the pathogenesis of IBD.
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Introduction

Inflammatory bowel disease (IBD) is an autoim-
mune disease with unclear etiology, and char-
acterized by alternative recurrence and allevia-
tion period. Abdominal pain, diarrhea, bloody 
stool and weight loss are main clinical manifes-
tations of IBD. Other autoimmune diseases, 
such as primary sclerosing cholangitis, psoria-
sis and ankylosing spondylitis, often occur in 
IBD patients [1, 2]. There are few epidemiologi-
cal data about IBD patients in developing coun-
tries. However, incidence of IBD increases sig-
nificantly all over the world according to sur-
veys, indicating that IBD is a global disease  
[3]. Gastrointestinal mucosa is continuously 
exposed to microorganisms with different anti-
genicity. The immune system maintains in low 
reactions to symbiotic bacteria under normal 
circumstances, and only initiates protective 
immune responses when facing pathogens [4]. 
Inflammation happens when any link in the 
immune system is abnormal, as seen in Figure 
1.

The immunity

Immunity is one of physiological functions in 
humans, which can be divided into innate and 

adaptive immunity. The human body relies on 
immunity to recognize ‘self’ and ‘non-self’ com-
ponents, then the immunity protects human 
against invasion of pathogens. Two major pro-
cesses of the innate immunity are usage of a 
large set of different pattern recognition recep-
tors (PRRs) and a system for random and non-
selective generation of antigen specific recep-
tors. The adaptive immunity has been viewed 
as a complement to the innate immunity and a 
definitive solution to pathogen recognition [5]. 
However, there are some differences between 
the innate and adaptive immunity, as shown in 
Table 1.

Innate immunity

The innate intestinal immune system consists 
of intestinal mucosal epithelial barrier, natural 
immune cells, innate immune molecules, etc. 
Unlike adaptive immunity, innate immune is nei-
ther specific nor memorial, but it is a corner-
stone of adaptive immunity. Innate immune is 
involved in adaptive immunity, and presents 
antigens for original T cells to provide the acti-
vation signals. It is also involved in maturity, dif-
ferentiation and homing of immune cells in 
adaptive immunity, therefore regulating immune 
functions [6].
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Intestinal mucosal epithelial barrier 

Apoptosis of intestinal epithelial cells: PRRs 
identify pathogen-associated molecular pat-
tern (PAMPs) on surface of pathogens, nuclear 
transcription factors, such as NF-κB, are acti-
vated by normal intestinal epithelial cells, and 
then gene expression of related factors is start-
ed. Paneth cells are activated to release defen-
sin, and immune cells release pro-inflammatory 
or anti-inflammatory factors, thus gastric muco-

sa was protected from pathogens [7]. Immune 
cells in inflammatory intestinal mucosa of IBD 
patients produce inflammation factors, such as 
TNF-α and IFN-γ, which induce expression of 
epithelial cell apoptosis related proteins, such 
as Caspase-1, and inhibit expression of anti-
apoptotic proteins, such as Bcl-2, resulting in 
induced epithelial cell apoptosis, weakened 
function of epithelial cells resisting pathogens 
and increased permeability of intestinal muco-
sa [8].

Figure 1. Inflammatory bowel disease related immune disorders. The innate immune abnormalities of inflamma-
tory bowel disease lead to adaptive immune disorders (Th1/Th2 regulation imbalance and Th17/Treg transforma-
tion imbalance). The inflammatory cytokines in turn increase the innate immune damages (apoptosis of intestinal 
epithelial cells, reduction of connection protein expression, decrease of antibacterial peptides secreted by Paneth 
cells, etc.), abate the intestinal barrier function, and aggravate inflammation. Therefore a vicious circle forms.

Table 1. The differences between the innate and adaptive immunity
Item Innate immunity Adaptive immunity
Acquired form Inherent (or congenital)

Do not need to contact the antigens
Acquired
Need to contact the antigens

Time to play roles Early, rapid (minutes-4 days) 4-5 days

Immune recognition receptors Pattern recognition receptor Specific antigen recognition receptors

Immune memory Nothing Generation of memory cells

Examples Antibacterial substances, bactericidal substances, inflammatory cyto-
kines, phagocytic cells, NK cells, NK T cells

T cells (cell immunity)
B cells (humoral immunity)



Inflammatory bowel disease related immunity

2492 Am J Transl Res 2016;8(6):2490-2497

Increase of intestinal epithelial permeability: 
Intestinal mucosal epithelial contains a com-
plete set of epithelial cells and cell connection 
parts of lateral margin. Cells are connected via 
adherence junction, tight junction and the des-
mosome. Tight junction locates at the top of 
intestinal epithelial cells and forms the top 
junctional complex by binding to the adjacent 
adherence, therefore regulating intestinal epi-
thelial permeability [9]. During an active stage 
of IBD, junction protein and its corresponding 
mRNA in intestinal tissue decrease significant-
ly, while the reduction is not obvious in an inac-
tive phage, indicating that an abnormality of 
tight junction protein in epithelial cells is closely 
related to intestinal inflammation [10]. During 
the active stage of IBD, pathogens within enter-
ic cavity shift to mucosa lamina propria, and 
activate immune cells in lamina propria after 
antigen presenting processes. A large number 
of inflammatory cytokines are produced and 
regulate expression of proteins in tight junction, 
thus impairing intestinal mucosal barrier func-
tion and increasing intestinal epithelial perme-
ability [11].

Innate immune cells 

Macrophages: Macrophages decompose en- 
gulfed pathogens into specific antigenic deter-
minants, such as peptides and lipopolysaccha-
ride, using proteases and oxygen free radicals. 
A pathogen antigen-major histocompatibility 
complex is a combination of antigenic determi-
nants and major histocompatibility antigens on 
cell membrane. After the complex binds with 
antigen receptors in T cells, antigenic informa-
tion is presented to T cells [12]. During the 
acute phage of IBD, quantity of macrophages  
in intestinal mucosa dramatically increases. 
The macrophages express a large number of  
T cell co-stimulating molecules (CD40, CD80, 
CD86, etc.) and triggering receptor expressed 
on myeloid cells-1 (TREM-1) [13]. TREM-1 pro-
motes secretion of macrophage pro-inflamma-
tory factors. Expression of TREM-1 is low in nor-
mal intestinal tissue, but higher in an experi-
mental colitis model and IBD patients [14], 
indicating that abnormal innate immunity domi-
nated by macrophages plays a vital role in 
pathogenesis of IBD.

Dendritic cells (DCs): Mature DCs contain sur-
face antigen presenting molecules. They induce 
immune activation, raise co-stimulating fac-

tors, increase effective areas that interact with 
T cells, increase expression of chemokine 
receptors, accelerate DCs movement towards 
lymphoid tissues, and then activate original T 
cells to secrete cytokines, thus inducing 
immune responses. In colitis animal model, 
DCs from colons were co-cultured with autolo-
gous T cells of lamina propria and T cells were 
stimulated to produce IFN-γ and IL-6, quantity 
of which was significantly higher than that pro-
duced by DCs co-cultured with homologous or 
heterologous spleen T cells [15]. In colonic 
mucosa of IBD patients, interactions between 
DCs and T cells promote production of inflam-
matory cytokines and cause inflammation [15]. 
In addition, there is a regulation circuit between 
DCs and Treg cells: Treg cells maintain a normal 
amount of DCs, while a loss of DCs leads to a 
decrease of Treg cells, thus IBD intestinal 
inflammation is aggravated. Therefore, inter-
ventions of this path may provide a new treat-
ment for IBD [16].

Natural killer (NK) cells: NK cells can control 
viral and bacterial infections, secrete cyto-
kines, kill tumor cells, and establish a relation-
ship between innate immunity and acquired 
immunity [17]. NK cells exhibit cytotoxic dam-
age functions without participation of T cell sur-
face receptor or immunoglobulin signals. 
Response processes of NK cells act through 
two receptor systems, one is recognizing anti-
gens and inhibiting immune responses via 
class I HLA; another is killing target cells by 
non-HLA molecules [18]. More NK and natural 
killer T (NKT) cells exist in intestinal mucosa of 
IBD patients. They express more immune active 
molecules, such as CD25, CD28 and CD69, 
than normal intestinal mucosa [19]. It is specu-
lated that function of NK cells maintaining 
steady intestinal epithelium is associated with 
specific cytokines. For example, NK cells that 
express IL-22 have a protective effect on initia-
tion of IBD [20]. And IL-21 in vitro can strength-
en cytotoxic killing activity of NK cells and 
increase secretion of pro-inflammatory factors 
such as TNF-α and IFN-γ [21].

Innate immune molecules 

Defensins: Defensins, which contain two types: 
α and β, possess a broad spectrum antimicro-
bial activity and chemotactic function, and 
induce T cells, monocytes and DCs gathering in 
inflammatory responses quickly, thus acting as 
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a bridge between innate immunity and acquired 
immunity and playing a significant role in cell 
immunity [22, 23]. Therefore, a reduction of 
defensins not only weakens innate immunity, 
but also affects initiation and regulation of 
acquired immunity.

Defensin-α consists of HD-5 and HD-6, which  
is secreted by Paneth cells. A reduction of 
defensin-α is associated with IBD susceptible 
gene NOD2/CARD15 mutations [24]. Ex- 
pression of HD-5 and HD-6 in patients with 
ileum type Crohn’s disease (CD) is significantly 
less than that in normal and non-ileum CD 
patients, and the reduction level is closely 
related to NOD2 gene mutations. The expres-
sion of HD-5 and HD-6 increases in CD patients 
without NOD2 gene mutations [25]. And mRNA 
expression level of HD-5 and HD-6 in colon  
epithelial cells of patients with ulcerative  
colitis (UC) is significantly higher [26]. There- 
fore, CD is considered as a defensin deficiency 
syndrome. A loss of mucosal defensins induces 
more bacteria invasion of intestinal mucosa, 
leading to inflammation [27].

HBD1 in intestinal defensin-β exists in normal 
intestinal mucosa epithelial cells and is not 
affected by inflammation or bacterial infec-
tions, thus playing a basic defensive role. But 
HBD1 mRNA reduces in colon of IBD patients 
[28]. Unlike small intestine type CD, abnormal 
expression of HBD-2, HBD-3 and HBD-4 mainly 
occurs in colon type CD [29]. HBD-2 in intestine 
of UC patients is induced to express, and its 
level is higher than normal and CD patients 
[26]. HBD-2 is induced to express in infections, 
but its expression is low without any infe- 
ctions, speculating that the excessive expres-
sion of HBD-2 may aggravate UC inflammatory 
responses. HD expression in UC patients is 
closely related to pathological changes in UC 
patients, but not in CD patients [30].

PRRs: PRRs consist of Toll-like receptors (TLRs) 
and nucleotide-binding oligomerization do- 
main like receptors (NLRs). They can identify 
recognition molecules of pathogen associated 
molecular patterns (PAMPs), activate innate 
immunity, produce cytokines such as IL, TNF 
and IFN, and fight against pathogens. Activation 
of PRRs promotes maturation of antigen pre-
senting cells, and then activates the adaptive 
immunity. Therefore, PRRs also act as a bridge 

between innate immunity and adaptive 
immunity.

TLRs are the most important compositions of 
PRRs, and a variety of them express in intesti-
nal epithelial cells. TLR2 and TLR4 exist in 
peripheral lymphatic endothelial cells of small 
intestine. DCs are activated under mediation of 
TLRs, induce NF-κB through MyD88 dependent 
or in-dependent signal transduction pathways, 
then activate adaptive immune responses, and 
clear pathogens in lumens. TLR3 is continu-
ously expressed while TLR5, TLR2 and TLR4 
are only expressed in normal intestinal epithe-
lial cells. But the expression of TLR2 and TLR4 
is also detected in intestinal epithelial cells sur-
face of IBD patients [31, 32]. 

After highly expressed TLR4 binds with its 
ligand LPS, downstream cytokines are activat-
ed to recruit inflammatory cells and cause 
inflammation. In a study of TLR4 Asp299Gly 
polymorphism allele frequency in IBD popula-
tion, the frequency was significantly higher in 
IBD patients than that in healthy controls, 
prompting that abnormal TLR4 expression was 
involved in pathogenesis of IBD [33]. Recent 
studies have shown that a lack of NOD2 gene 
or CD-like mutations strengthened activation of 
NF-κB mediated by TLR2 and increased activi-
ties of Th1 cells. CD is characterized by exces-
sive activation of Th1 cells and production of 
cytokines, such as TNF-α, IFN-γ and IL-2.

NLRs are cytoplasm type PRRs, and responsi-
ble for “internal” signal recognition. Their ligand 
recognition and signal transduction is partially 
overlapped with TLRs. NOD2 identifies acyl 
dipeptide of cell walls (MDP) which exists in 
both gram-positive bacteria and gram-negative 
bacteria cell walls. After the identification, 
NOD2 together with receptor binding protein 
RIP2 constitutes oligomer and induces ubiquiti-
nation, eventually activates NF-κB, and induces 
production of inflammatory cytokines. NOD2 is 
expressed in mononuclear cells and Paneth 
cells, and plays an important role in processes 
of antibacterial peptide produced by cells. 
NOD2 gene mutations significantly increase CD 
susceptibility, probably because the mutations 
are not able to identify MDP, resulting in a 
reduction of secretion of IL-23 and IL-1 in DCs, 
thus decreasing inhibitory effects of Th17 cells 
[34], indicating that NOD2 gene is closely relat-
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ed to intestinal mucosal immune responses in 
CD patients [35].

Adaptive immunity

In contrast to the innate immunity, adaptive 
immunity possesses specificities and immune 
memory abilities. Adaptive immunity and innate 
immune supplement each other and mutually 
resist invasion of pathogenic microorganisms. 
The original T cells amplify and are differentiat-
ed into different subsets such as Th1, Th2, 
Th17 and Treg cells after stimulation of anti-
gens. Th1 cells eliminate pathogens inside 
cells; Th2 cells protect human body from harm-
ful parasites and adjust allergic reactions; Th17 
cells remove extracellular bacteria and fungi; 
Treg cells promote tissue repairs. However, dis-
orders of T cell responses and imbalance of T 
cell subsets induce excessive releases of cyto-
kines and chemokines, which lead to 
inflammation.

Th1/Th2 balance 

Th1 cells: IFN-γ secreted by antigen presenting 
cells acts on original Th cell signal transduction 
and transcription activating factor 1 (STAT-1). 
STAT-1 translocates into nuclei to activate spe-
cific transcription factor T-bet, and prompts dif-
ferentiation original Th cells into Th1 cells. Th1 
cells secrete various pro-inflammatory cyto-
kines, such as IL-1, IL-2, IL-6, IL-8, IL-12, TNF-α, 
IFN-γ, etc. In CD mice models induced by trini-
tro-benzene-sulfonic acid, Th1 cells and expres-
sion of IFN-γ were significantly elevated in local 
intestinal mucosa and spleen [36]. There are a 
lot of Thl cytokines, such as TNF, IL-12 and 
IL-18, in intestinal mucosa of CD patients. IL-18 
promotes Thl cell differentiation via AP-1 and 
NF-κB pathways [37], demonstrating that Th1 
cells play important roles in pathogenesis of 
CD.  

Th2 cells: IL-4 secreted by antigen presenting 
cells acts on receptors on surface of original Th 
cells and activates STAT-6. STAT-6 moves into 
nuclei to activate a specific transcription activa-
tion factor GATA3, induces expression of down-
stream genes and promotes transformation of 
original Th cells into Th2 cells. IL-13, together 
with TNF-α, acts on IL-13 Rβ2 receptor on sur-
face of Th2 cells, activates STAT6 and promotes 
proliferation of Th2 cells. Inflammatory factors, 
such as IL-4, IL-5 and IL-13, are secreted by Th2 

cells. Expression of IL-5 and IL-13 increases in 
inflammatory region in UC patients [38], thus it 
can be inferred that Th2 cells are associated 
with pathogenesis of UC. While some scholars 
believe that UC is a result of combined effects 
of Thl and Th2 cells. Thl reaction is enhanced in 
the early phage, while Th2 reaction is dominant 
in the late phage. Therefore, it should be fur-
ther researched which one is closer with UC 
[39].

Th1/Th2 adjustment: Thl and Th2 cells are in 
dynamic equilibrium under normal conditions, 
and are regulated and inhibited by cytokines 
secreted by each other. IFN-γ secreted by Thl 
cells inhibits proliferation of Th2 cells, while 
IL-4, IL-10 and IL-13 secreted by Th2 cells inhib-
it Thl reactions. Immune adjustment of imbal-
ance of Th1/Th2 subsets is involved in patho-
genesis of a variety of autoimmune diseases 
and inflammatory diseases, and also plays an 
important role in IBD development [40]. Pro-
inflammatory cytokines, such as IL-1, IL-2, IL-6 
and IL-8, secreted by Th1 cells participate in 
cellular immune responses. Anti-inflammatory 
cytokines, such as IL-4, IL-10 and IL-13 secret-
ed by Th2 cells are involved in humoral immune 
responses. Therefore, balance of Thl and Th2 
cells determines balance of pro-inflammatory 
and anti-inflammatory cytokines, which then 
determines whether and which kinds of immune 
reactions occur. Thus, key cytokines of adjust-
ing Thl and Th2 cells balance need to be 
explored to provide new ideas for treatments of 
IBD in the future [41].

Balance of Th17/Treg cells

Th17 cells: IL-23 acts on IL-23 receptors on the 
original Th cell surface and activates cytoplas-
mic signal transduction and transcriptional 
activation factor 3 (STAT-3) with presences of 
TGF-β, IL-6 or IL-21. STAT-3 transfers into nuclei 
and activates transcription factor vitamin A 
acid related orphan receptor γt (RORγt), result-
ing in differentiations of original Th cells into 
Th17 cells. Activated Th17 cells mainly function 
through secreting cytokines, such as IL-17, 
IL-21 and IL-22. IL-17 induces immune cells 
transferring into peripheral tissues and binding 
with IL-17 receptors, and then activates NF-κB 
and promotes releases of a variety of pro-
inflammatory factors. Clinical studies have 
found that inflammatory bowel mucosa of CD 
and UC patients contains a much higher level of 
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Th17 cells and IL-17 than the normal ones. 
Th17 cells mainly distribute in intestinal muco-
sa lamina propria at the active phage of UC 
patients, while they distribute in mucosa, sub-
mucosa and muscularis at the active phage of 
CD patients [42]. Serum IL-17 is also signifi-
cantly higher in CD and UC patients [43]. And 
RNA expression of IL-17A and IL-17F increases 
significantly in IBD patients [44], demonstrating 
that Th17 cells play an important role in patho-
genesis of IBD.

Treg cells: Treg cells inhibit other Th cells such 
as Th1, Th2 and Th17 via direct contacts with 
cells and releases of cytokines such as IL-10 
and TGF-β to maintain immune tolerances. 
Transcription factor Foxp3 is a specific surface 
marker of Treg cells. According to different 
sources, Treg cells are mainly divided into two 
categories: natural regulatory T cells (nTreg) 
and adaptability regulatory T cells (iTreg). nTreg 
cells reduce immune responses, induce 
immune tolerances and suppress occurrence 
of autoimmune diseases. Injections of naive T 
cells without CD4+ and CD25+ Treg cells into 
mice with T cell defection induce high respons-
es to symbiotic bacteria in intestine, leading to 
autoimmune colitis. While injections of all T 
cells inhibit inflammation [45]. When CD4+ and 
CD25+ Treg cells are injected into mice models 
of IBD pathological injuries, these cells are 
recruited to intestinal lymphatic tissues and 
lamina propria, and then transfer into spleen to 
play a role in immune regulation and treat-
ments of IBD [46]. Treg cells reductions are 
also found in peripheral blood and colonic 
mucosa of IBD patients [47], suggesting that 
reductions of Treg cells are associated with 
pathogenesis of IBD [48].

Transformation imbalance of Th17/Treg cells: 
Th17 cells and Treg cells are in dynamic equilib-
rium under normal circumstances. The balance 
is broken with over-increases of Th17 cells, 
over-enhancements of immunogenicity and 
decreases or abnormal functions of Treg cells, 
causing intestinal mucosal damages. The origi-
nal T cells differentiate into Th17 cells when 
concentrations of TGF-β are low with the pres-
ence of IL-6, and inhibit generation of Treg cells. 
Productions of Th17 cells are inhibited when 
TGF-β is at a high concentration, and mean-
while generation of Treg cells is promoted [49]. 
Although Treg cells effectively repair inflamma-
tory bowel mucosa of IBD patients, they trans-

form into pathogenic Th17 cells with presence 
of IL-6 and/or IL-23 [50]. There are no reports 
found about Th17 cells transforming into Treg 
cells, indicating that conversions of Treg cells 
into Th17 cells are irreversible [1]. Th17 cells 
increase while Treg cells decrease in peripheral 
blood of IBD patients. The ratio of Th17/Treg is 
significantly higher, suggesting that transfor-
mation imbalance of Th17/Treg plays an impor-
tant role on pathogenesis of IBD [51]. Therefore, 
regulation of balance between Th17/Treg may 
become a new method for treatments of IBD.

Anyhow, abnormal innate immune responses 
induce adaptive immunity imbalance, inflam-
matory cytokines produced by which increase 
innate immune damages, abate intestinal bar-
rier functions and aggravate inflammation, and 
thus a vicious cycle forms. Comprehensive 
analyses of innate and adaptive immunity and 
exploration of the “bridge” between them 
exhibit an important guiding significance for 
treatments of IBD.
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