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Introduction
Inflammatory bowel disease (IBD) is a chronic, relapsing, idi-

opathic inflammation of the gastrointestinal tract [1,2]. It is char-
acterized by chronic colonic inflammation that results from the in-
teraction between the various components of the mucosal immune 
system and the microenvironment [3]. It is classified as an Auto 
immune disease (AID) whose pathophysiology remains uncertain. 
Inflammatory bowel disease (IBD) is a chronic, relapsing, idiopath-
ic inflammation of the gastrointestinal tract characterizing chronic 
colonic inflammation of GIT. This results from the interaction be-
tween the various components of the mucosal immune system and 
the microenvironment. It is considered as an auto immune disease 
(AID) involving various factors like immune dysregulation, genetic 
predisposition, dysbiosis of commensal flora and environmental 
factors. ATP-binding cassette (ABC) transporters are a large super-
family of membrane proteins with various functions and are also  

 
expressed on apical lining of intestine. They utilize the energy from 
ATP hydrolysis for import and export of substrates. The inflamma-
tory changes associated with IBD pathophysiology are may affect 
the inner mucosal layer structure and affects these transporters 
modifying their absorptive and secretory functions and protective 
role against toxic compounds. This subsequently affects the drug 
absorption and hence IBD treatment. Beside this transporters also 
play role in drug resistance and their expression is modulated dur-
ing inflammatory conditions IBD.

 Therefore regulating the ABC transporter may be useful in con-
trolling the symptoms or treatment of disease. ABC transporters 
expressed on epithelial lining of intestine could interact with gut 
pathogens and microbes and could involve in dysbiosis leading to 
various gastrointestinal disease such as IBD. The information out-
lined in this review may help in designing new studies for further 
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exploration of ABC transporters and their role in gastrointestinal 
diseases. This might be beneficial to develop improved innovative 
approaches. It has been shown that that IBD is caused by the enter-
ic microflora in genetically predisposed patients with an immune 
dysregulation in the gastrointestinal tract. Various components of 
mucosal immune system and the microenvironment: luminal anti-
gens, intestinal epithelial cells, T- lymphocytes, cells of innate and 
adaptive immune systems and their secreted mediators contribute 
to the initiation and perpetuation of gut inflammation in genetical-
ly predisposed individual [3]. Genetic predisposition plays a role 
through the inheritance of a number of contributory genes and ge-
netic polymorphisms. These variant forms of genes may be associ-
ated with an abnormal response [4]. However the exact etiology is 
unknown.

Results from research in animal models, human genetics, ba-
sic science and clinical trials have provided new insights into the 
pathogenesis of chronic, immune-mediated, intestinal inflamma-
tion. These studies indicate that Crohn’s disease and ulcerative co-
litis are heterogeneous diseases characterized by various genetic 
abnormalities that lead to overly aggressive T-cell responses to a 
subset of commensal enteric bacteria. The onset and reactivation 
of disease are triggered by environmental factors that transiently 
break the mucosal barrier, stimulate immune responses or alter 
the balance between beneficial and pathogenic enteric bacteria. In-
flammatory bowel disease is mainly of two types: 

a) Ulcerative colitis (UC)

b) Crohn’s disease (CD)

ATP-Binding Cassette (ABC) Transporters
ATP-binding cassette (ABC) transporters are a large superfam-

ily of membrane proteins with varying functions [5,6]. They utilize 
the energy obtained from ATP hydrolysis for import and export of 
substrates across the into trans-bilayer. In both cases, a pair of cy-
toplasmic ABCs (nucleotide-binding domains, NBDs) catalyse ATP 
hydrolysis, a and pair of transmembrane domains (TMDs) facilitate 
the translocation of the substrate. The basic domain architecture 
and schematic mechanism are shown in Figure 1: ABC transport-
ers are mainly of two types (a) ABC importers, (b) ABC exporters 
ABC importers, require a substrate binding protein (SBP) that feeds 
the hydrophilic substrates into the translocation pathway formed 
by the TMDs. The ABCs (or NBDs) are separate subunits. (b) ABC 
exporters, which typically have their TMDs fused to the ABCs. ABC 
importers have been found only in prokaryotes till date, whereas 
ABC exporter is expressed ubiquitously in all kingdoms of life. ABC 
transporters have been shown to be associated with various clinical 
conditions suggesting the importance of understanding their mech-
anism. There are approximately 50 known ABC transporters in the 
human. There are 13 genetic diseases associated with defects in 14 
of these transporters. The most common genetic disease conditions 
include cystic fibrosis, Stargardt disease, age-related macular de-
generation, adrenoleukodystrophy, Tangier disease, Dubin-Johnson 
syndrome and progressive familial intrahepatic cholestasis [7].

Conserved Coupling Mechanism For ABC Transporters: The 
NBD domain is conserved and regarded as a common engine at-
tached to diverse TMDs. NBDs has two sub-domains, one resem-
bling the functionally unrelated RecA protein, and another that has 
been dubbed the ‘helical sub-domain’ (Figure 1). NBDs contains 
many conserved sequence motifs , each with a specific function [8]. 
For example P-loops (Walker-A motifs) is the most important of 
them and located in the RecA-like sub-domain, and the LSGGQ motif 
(denoting the amino acid sequence in single letter code), located in 
the helical sub-domain. In full transporters, the two NBDs assemble 
exposing their conserved motifs towards the shared interface in a 
head-to-tail arrangement. This setting produces two ATP binding 
and hydrolysis sites between the P-loops of one NBD and the LSGGQ 
motif of the other, hence the name ‘head-to-tail’. In the absence of a 
nucleotide, there is a gap at the domain interface, with water being 
able to access the nucleotide-binding sites. When ATP is bound, the 
interface closes and the nucleotides are sandwiched between the 
NBDs [9]. During a single transport cycle, two molecules of ATP are 
consumed, which is consistent with positive cooperativity observed 
for ATP hydrolysis in several ABC transporters [10]. Exceptions are 
possible due to mutations for e.g cystic fibrosis transmembrane 
conductance regulator CFTR where one of the ATP binding sites 
features mutations that prevent hydrolysis.

Figure 1: Basic domain architecture of ABC transporter [6].

Types of ABC Transporters: In human total 48 ABC transport-
ers are known. These are subdivide in 7 sub families ABCA, ABCB, 
ABCC, ABCD, ABCE, ABCF and ABCG by the Human Genome Organi-
zation. Table 1 displays a list of all 48 known human ABC genes with 
chromosomal location, and function.

Role of ABC Transporters in IBD
Irrespective of the genetic cause, severe and continuous inflam-

mation causes damage to the intestinal epithelium that may strong-
ly affect its absorptive and secretory functions as well as its protec-
tive role against toxic compounds [11]. Cytoprotection is provided 
by ATP-binding cassette (ABC) transporters that are specialized in 
exporting toxic compounds of foreign or endogenous origin. Thus 
by the knowledge of transporters showing change during the IBD 
helps us to improve drug absorption as well as increase protection 
given by these transporters.
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Role of ABCC1: MRP1 (multidrug resistance-associated pro-
tein 1, encoded by the ABCC1 gene) plays a role in inflammatory 
responses. It transports glutathione and substrates that are con-
jugated to reduced glutathione, glucuronide, or sulfate as part of 
the detoxification machinery of cancer cells. The role of Mrp1 in 
the inflammatory signaling pathway is evident from studies with 
Mrp1-/- knock-out mice that show a strongly reduced response 
to arachidonic acid-induced inflammatory stimuli as measured by 
decreased ear edema and vascular permeability [12]. Relevant for 
IBD, however, it was shown that intestinal damage was significantly 
aggravated in Mrp1-/- knock-out mice exposed to dextran sulfate 
sodium-induced colitis. These animal studies suggest that Mrp1 
serves a dual role during inflammation, both sending out inflam-
matory signals as well as protecting the intestinal epithelium. The 
mechanism of the latter and the relevance for IBD patients are un-
known to date. 

Up-regulation and cytoprotective role of epithelial multidrug 
resistance-associated protein 1 in inflammatory bowel disease is 
also known [13]. In their study they found that MRP1 expression is 
induced in the inflamed intestine of IBD patients, e.g. Crohn disease 
and ulcerative colitis. Increased MRP1 expression was detected at 
the basolateral membrane of intestinal epithelial cells. To study a 
putative role for MRP1 in protecting epithelial cells against inflam-
matory cues, they manipulated MRP1 levels in human epithelial 
DLD-1 cells and exposed these cells to cytokines and anti-Fas. Also 
inhibition of MRP1 (by MK571 or RNA interference) resulted in in-
creased cytokine- and anti-Fas-induced apoptosis of DLD-1 cells. 
Opposite effects, e.g. protection of DLD-1 cells against cytokine- 
and anti-Fas-induced apoptosis, were observed after recombinant 
MRP1 over expression. Inhibition of LTC4 synthesis reduced an-
ti-Fas-induced apoptosis when MRP1 function was blocked, sug-
gested that (leukotrienes 4) LTC4 is the pro-apoptotic compound 
exported by epithelial MRP1 during inflammation. These data 
showed that MRP1 protects intestinal epithelial cells against in-
flammation-induced apoptotic cell death and provides a functional 
role for MRP1 in the inflamed intestinal epithelium of IBD patients.

Role of ABCC4: Multidrug resistance protein 4 (MRP4/ABCC4) 
belongs to the MRP family of multispecific drug transporters. MRP4 
is widely expressed in a range of human blood cells including 
CD34+ stem cells, erythrocytes, platelets, granulocytes and lym-
phocytes. MRP4 is localized in the plasma membrane and shows 
an ATP-dependent transport of a broad range of compounds. Like 
the other MRPs, MRP4 is an organic anion transporter, but has the 
unique ability to transport nucleoside monophosphate analogs 
such as 6-mercaptopurine (6-MP) and 6-thioguanine nucleotide (6-
TGN). Drug TPMT is commonly administered in IBD patients which 
is metabolized to 6-MP. The over expression of MRP4 in cells results 
in resistance to 6-MP and 6-TGN. Since MRP4 is an ATP-dependent 
efflux pump, one possible explanation for the resistance observed 
in cells over-expressing these proteins is the increased removal of 
an essential thiopurine metabolite from these cells. A single-nucle-
otide polymorphism in human MRP4 (rs3765534) dramatically re-
duces MRP4 function and results in the intracellular accumulation 
of 6-TGN [14]. 

It was observed that the gene expression changes during UC 
development may be responsible for resistance to intravenous cor-
ticosteroid therapy in children with severe ulcerative colitis [15]. In 
this study they selected 20 corticosteroid responsive patients and 
20 corticosteroid resistant patients for analysis. A total of 41 genes 
differentially expressed between responders and non-responders 
were detected with statistical significance. Two of these genes, 
CEACAM1 and MMP8, possibly inhibited by methylprednisolone 
through IL8, were both found to be over-expressed in non-respon-
sive patients. ABCC4 (MRP4) as a member of the multi-drug re-
sistance superfamily was a novel candidate gene for corticosteroid 
resistance. The expression pattern of a cluster of 10 genes selected 
from the 41 significant hits was able to classify the patients with 
80% sensitivity and 80% specificity.

Role of ABCB1

Inflammation is known to suppress the expression and activity 
of several hepatic drug transporters [16-18]. Goralski et al, 2003 
investigated localized CNS inflammation induced by Escherichia 
coli lipopolysaccharide (LPS) modified mdr1a/P-gp expression 
and function in the brain and liver. Their major finding was that the 
CNS inflammation in male rats produced a loss in the expression 
of mdr1a mRNA in the brain and liver that was maximal 6 h after 
intracranial ventricle (i.c.v.) administration of LPS. When radioac-
tive H3-digoxin was used at discrete time points, as a probe for Pgp 
function in vivo, an increase in brain and liver H3-radioactivity and 
plasma level of parent digoxin was produced 6 and 24 h following 
LPS treatment compared to the saline controls. Digoxin disposition 
was similarly altered in mdr1a (+/+) mice but not in mdr1a(-/-) 
mice 24 h after administering LPS i.c.v. They also shown that in 
male rats, the biliary elimination of parent digoxin was reduced at 
24 h (60%) and 48 h (40%) after LPS treatment and was blocked 
by the Pgp substrate cyclosporin A. The conditions which impose 
inflammation in the CNS, produce dynamic changes in mdr1a/P-gp 
expression/function that may alter hepatic drug elimination and 
the movement of drugs between the brain and the periphery. 

In rats the expression and function of intestinal mdr1 and mrp2 
were found to be reduced in lipopolysaccharide-induced inflamma-
tion [19,20]. In their study transport and metabolism were deter-
mined in jejunum segments isolated at 24 h from endotoxin-treated 
or control rats (n = 8). Transport and metabolism of (3)H-digoxin, 
5-carboxyfluorescein (5-CF), amiodarone (AM), and 7-benzylox-
yquinoline (7-BQ) were measured for 90 min in the presence and 
absence of inhibitors. They found that as compared to controls, lev-
els of mdr1a and mrp2 mRNA were significantly decreased by ap-
proximately 50% in the jejunum of LPS-treated rats. Corresponding 
reductions in the basolateral¬-->apical efflux of digoxin, AM, and 
5-CF were observed, resulting in significant increases in the api-
cal-->basolateral absorption of these compounds. Role of Pgp in IBD 
was suggested after finding that mdr1a-deficient mice developed a 
ulcerative colitis (UC)-like phenotype that was reversed with anti-
biotics [21]. They reported that mdr1a knockout (mdr1a-/-) mice 
are susceptible in developing a severe, spontaneous intestinal in-
flammation when maintained under specific pathogen-free animal 
facility conditions. The intestinal inflammation seen in mdr1a-/- 
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mice had pathology similar to that of human inflammatory bow-
el disease (IBD) and was defined by dysregulated epithelial cell 
growth and leukocytic infiltration into the lamina propria of the 
large intestine. Treating mdr1a-/- mice with oral antibiotics pre-
vented both the development of disease and resolved active inflam-
mation. Lymphoid cells isolated from mice with active colitis were 
functionally reactive to intestinal bacterial antigens, providing ev-
idence that there is enhanced immunologic responsiveness to the 
normal bacterial flora during IBD.

Gene array data have reported that Pgp is down regulated in 
patients with UC [22,23]. Drug efflux pump P-glycoprotein, a mem-
brane transporter extruded Glucocorticoids from cells and thereby 
lowering their intracellular concentration [24]. Natural and syn-
thetic glucocorticoids (GCs) are widely employed in a number of 
inflammatory, autoimmune and neoplastic diseases, and, despite 
the introduction of novel therapies, remain the first-line treatment 
for inducing remission in moderate to severe active Crohn’s disease 
and ulcerative colitis patients. GCs interact with their cytoplasmic 
receptor, and are able to repress inflammatory gene expression 
through several distinct mechanisms. The glucocorticoid receptor 
(GR) is therefore crucial for the effects of these agents: mutations in 
the GR gene (NR3C1, nuclear receptor subfamily 3, group C, mem-
ber 1) are the primary cause of a rare, inherited form of GC resist-
ance. In their study they found not only GC mutations but other 
factors also causes resistant against GCs. This protein is encoded by 
the ABCB1/MDR1 gene; this gene presents different polymorphic 
sites that can influence its expression and function.

Decreased ABCB1 (P-glycoprotein) expression in ulcerative 
colitis was found to be associated with disease activity [25]. The 
major human efflux transporter ABCB1 showed significantly lower 
expression levels, that were inversely correlated with those of cer-
tain antimicrobial peptides (DEFA5/6) and cytokines (IL1beta and 
IL8). Cell culture experiments revealed a time-dependent decrease 
of ABCB1 expression upon IL8 exposure. Disease activity profound-
ly modified ABCB1 expression, indicated by an inverse correlation 
of clinical activity index values with ABCB1 mRNA expression (r = 
-0.603; p = 0.017) and markedly reduced protein expression in UC 
patients with moderate and severe symptomology (p = 0.011).

Cortada et al. [26] investigated the role of P-gp in therapeutic 
response of ulcerative colitis by studying its functionality in lym-
phocytes isolated from peripheral blood. Rhodamine 123 (a fluo-
rescent P-glycoprotein substrate) efflux was studied by flow cytom-
etry as absence and presence of an inhibitor (verapamil, 100 uM). 
Rhodamine efflux assay was also performed in 12 patients who 
required therapeutic change; a significant diminish of rhodamine 
transport (p < 0.01) was observed without inhibitor when patients 
achieved clinical response. their observation indicates a possible 
relevant role of P-gp in ulcerative colitis treatment response and 
indicate advantage of P-gp functional assay in the early detection 
of individual therapeutic response. Genetic variation in the gene 
encoding Pgp, ABCB1, appears to be associated with disease dis-
tribution as well as susceptibility to UC [27,28]. The author utilized 
a gene-wide haplotype tagging approach to define the identity of 
germ-line variations in the ABCB1/MDR1 gene contributing to 

IBD susceptibility. Six haplotype tagging single nucleotide poly-
morphisms (tSNPs) representing the haplotypic variations of the 
ABCB1/MDR1 gene were identified. The log-likelihood analysis af-
ter the genotyping of 249 ulcerative colitis (UC) and 179 Crohn’s 
disease (CD) patients and 260 healthy controls, showed a highly 
significant association between the common haplotypes and UC 
(P=4.22 x 10(-7) but not CD (P=0.22). 

This significant association was critically dependent on one 
tSNP, intronic variant rs3789243. All haplotypes with this variant 
retained a highly significant association (P=3.2 x 10(-7)-3.6 x 10(-
12), whereas significance was lost when rs3789243 was dropped 
in systematic haplotypic analysis. The effect of this tSNP was inde-
pendent of C3435T SNP, previously suggested to be the critical var-
iant in disease susceptibility and drug transport. The association 
with UC was shown to be strongest with the phenotype of extensive 
disease (P=1.7 x 10(-7). This ‘candidate gene’ approach provides 
compelling evidence to support the contribution of the ABCB1/
MDR1 gene in determining risk to UC but not to CD and provides 
new insights into the localization of the critical susceptibility de-
terminants within the gene. Common variants in mdr1 gene are 
also found to be associated with an overall susceptibility for UC 
in north Indians [29]. SNP analysis was conducted in three exonic 
(C1236T, G2677T/A, and C3435T) locations and one in the promot-
er (C129T) region of mdr1 gene [30-39]. Their results indicated 
that above SNPs in the mdr1 gene are associated with an overall 
susceptibility for UC and specific disease phenotypes in North Indi-
ans. Other ABCB1 SNPs associated with IBD in different population 
are summarized in Table 1.

Table 1: ABCB1 polymorphisms in different population.     

Population/country SNP name Reference

Polish C3435T [30]

Japanese rs3765534 [14]

New Zealand

rs2235046

G2677T/A

C1236T

rs3789243

C3435T

[31]

Turkish G2677T/A [32]

Canadian
C3535T

G2677T/A
[33]

Germany
G2677T/A

C3435T
[34]

Hungarian
C3435T

G2677T/A
[35]

Spanish
G2677T/A

C3435T
[36]

Iranian C3435T [37]

Dutch C3435T [38]

British
G2677T/A

C3435T
[39]
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Role of ABCA1

TNF- α, an important cytokine produced during IBD, decreases 
ABCA1 expression and attenuates HDL cholesterol efflux in the hu-
man intestinal cell line Caco-2 [40]. The regulation of ABCA1 and 
HDL cholesterol efflux by TNF- α was investigated in the human in-
testinal cell line Caco-2. They found that in response to cholesterol 
micelles or T0901317, an LXR non sterol agonist, TNF- α decreased 
the baso-lateral efflux of cholesterol to apolipoprotein A1 (apoA1). 
TNF- α, by attenuating ABCA1 promoter activity, markedly de-
creased ABCA1 gene expression without attenuating the expression 
of LXR- α, LXR- β, and most other LXR target genes, such as ABCG1, 
FAS, ABCG8, scavenger receptor-B1 (SR-B1), and apoC1. TNF- α also 
decreased ABCA1 mass by markedly enhancing the rate of ABCA1 
degradation and modestly inhibiting its rate of synthesis. Inhibi-
tors of the nuclear factor- kB (NF- k B) pathway, which is activated 
by TNF- α, partially reverse the effect of TNF- α on ABCA1 protein 
expression. The results suggested that TNF- α , the major cytokine 
implicated in the inflammation of Crohn’s disease, decreased HDL 
cholesterol levels by attenuating the expression of intestinal ABCA1 
and cholesterol efflux to apoA1.

       Role of ABCG2 (BCRP)

Similar to Pgp, BCRP is expressed in organs with a barrier func-
tion, indicating a role in tissue defense against xenobiotics [41]. 
BCRP has been suggested as an important determinant in the ab-
sorption of sulfasalazin [42] which is widely used in the treatment 
of IBD. The role of BCRP in transporting carcinogens, exemplified 
by benzo[a]pyrene conjugates, aflatoxin B1, and PhIP is also highly 
interesting in the context of UC, as the colon cancer risk increases 
with longer duration of colitis greater anatomic extent of colitis, and 
the fact that certain drugs used to treat inflammation may prevent 
the development of colorectal cancer. Two of the efflux transporters 
of importance for the barrier function of the gut mucosa, Pgp and 
BCRP, are expressed at strongly reduced levels during active inflam-
mation in patients with UC [43]. In their study colonic and rectal 
mucosa from patients with UC were compared with tissues from 
control subjects (n = 15). The mRNA expression (Taq Man) of the 
efflux transporters and the pro-inflammatory cytokines interleukin 
(IL)-1beta and IL-6 was determined. Western blot was used in the 
analysis of protein expression and the tissue localization of BCRP 
was determined. BCRP and Pgp expression was strongly reduced in 
individuals with active inflammation compared with controls and 
were negatively correlated with the levels of IL-6 mRNA. 

The BCRP staining of colonic epithelium seen in healthy mucosa 
was diminished in inflamed tissues, with concurrent disruption of 
epithelial F-actin structure. Impeded protein folding and function 
of ABCG2 in active inflammatory bowel disease was also known 
[44]. Their study revealed decreased expression of ABC (ATP-bind-
ing cassette) transporters such as ABCG2 (ABC transporter G2) in 
patients with active IBD, thereby limiting the protection against 
various luminal threats. Correct ER (endoplasmic reticulum)-de-
pendent protein folding is essential for the localization and func-
tion of secreted and membrane-bound proteins. Inflammatory trig-
gers, such as cytokines and nitric oxide, can impede protein folding, 

which causes the accumulation of unfolded proteins inside the ER. 
NO is increased during the IBD and this NO inhibited the forma-
tion of disulfide bond and these disulfide bonds are essential for 
the function of xenobiotic transporters, such as ABCG2 , it can be 
assumed that these proteins are not properly folded and therefore 
reduced in expression during inflammation.

 As a result, the unfolded protein response is activated which 
can lead to a cellular process named ER stress. The protein folding 
impairment affects the function and localization of several proteins, 
including those involved in protection against xenobiotics. Absence 
of ABCG2-mediated mucosal detoxification in patients with active 
inflammatory bowel disease is due to impeded protein folding [45]. 
Their study showed that xenotoxic damage in inflammatory dis-
eases, including IBD was compounded by reduced activity of the 
xenobiotic transporter ABCG2 (ATP-binding-cassetteG2) during 
the inflammatory state. An association between the activation of 
the unfolded protein response pathway and inflammation prompt-
ed them to investigate the possibility that reduced ABCG2 activity 
was causally linked to this response. To this end, they correlated 
expression of ABCG2 and the unfolded protein response mark-
er GRP78 (glucose-regulated protein of 78 kDa) in colon biopsies 
from healthy individuals and patients with inactive or active IBD, 
ischaemic colitis or infectious colitis. In addition, tissue specimens 
from the small bowel from healthy individuals and from patients 
with inactive or active Crohn’s disease were co-stained for ABCG2 
and GRP78. 

In all biopsies from patients with active inflammation, irrespec-
tive of the underlying disease, an absolute negative correlation was 
observed between epithelial ABCG2 expression and GRP78 expres-
sion, suggesting that inflammation-dependent activation of the un-
folded protein response is responsible for suppression of ABCG2 
function. The link between the unfolded protein response and func-
tional ABCG2 expression was further corroborated by live imaging 
of ABCG2-expressing cells, which showed that various inflammato-
ry mediators, including nitric oxide, activate the unfolded protein 
response and concomitantly reduce plasma membrane localization 
as well as transport function of ABCG2.Thus a novel mechanism for 
explaining xenobiotic stress during inflammation emerges in which 
intestinal inflammation activates the unfolded protein response, in 
turn abrogating defenses against xenobiotic challenge by impairing 
ABCG2 expression and function. ABC transporters and their inter-
action with gut microbes

ABC transporters and their inter action with gut microbes
ABC transporters have been shown to play a important role 

in tissue defense. The multidrug resistance protein (MDR) affects 
the host-bacterial interactions at the mucosal frontier of GIT. The 
intestinal barrier function regulates transport and host-defense 
mechanisms at the mucosal frontier and plays a critical role in the 
pathophysiology of various gastrointestinal diseases including IBD, 
The ABC efflux transporters are also expressed at the apical sur-
face of the epithelial cells of the intestine suggesting their possible 
interaction with gut microbes. The expression of P-gp increases 
distally from the duodenum to the colon [46] and able to interact 
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with enteric pathogens like Listeria monocytogenes, Salmonellaen-
terica serovar Typhimurium [47]. However the expression of MRP2 
is highest in the duodenum and decreases distally to undetectable 
at the terminal ileum and colon [48]. In the small intestine MRP2 is 
exclusively localized to the apical brush border membrane of villi 
suggesting an important role in drug disposition.MRP2 expression 
also decreases in intensity from the villus tip to the crypts, where 
no expression has been observed [49]. MRP2 is functionally upreg-
ulated during S. typhimurium infection and its expression associ-
ates with active states of intestinal inflammation [50].

 MRP2 upregulation is considered to be involved in neutro-
phil recruitment by the apical efflux of the eicosanoid hepoxilin 
A3 (HXA3), a potent neutrophil chemoattractant which is associ-
ated with active states of intestinal inflammation [51]. Breast cell 
receptor protein (BCRP/ABCG2), another apically expressed ABC 
transporter, is found throughout the small intestine and colon [52]. 
However there are no reports showing their interaction with mi-
crobes or pathogens. In the intestine, CFTR gene expression shows 
a decreasing gradients along the crypt-villus and proximal-distal 
axes as well [53]. CFTR is a Cl- channel, rate limiting step for intesti-
nal Cl- secretion (i.e., fluid secretion in cholera and other enterotox-
in-mediated secretory diarrheas). These character crucial to make 
this transporter a target for therapeutic intervention of enterotox-
in-mediated secretory diarrheas, such as cholera.

The expression of the CFTR protein by intestinal epithelium is 
markedly increased during serovar S. typhi infection of enterocytes 
.that causesenhanced CFTR-dependent entry of S. typhi into epithe-
lial cells [54]. However the products of certain commensal bacteria 
are also able to trigger CFTR in epithelial cells [55]. The dysbiosis 
of host gut microbiome in case of IBD is well reported [56], how-
ever there are not many reports revealing the interaction of com-
mensal microbes with ABC transporters. ABC transporters and the 
host genotype affecting the ABC transporter functionality might be 
important in modifying the gut microbiome. Thus exploring ABC 
transporters and their interaction with host microbiome can help 
to design therapeutic intervention to identify novel targets for con-
trolling mucosal inflammation and novel drugs for MDR inhibitors. 

Discussion and Conclusion
The evidences discussed in this review indicate the importance 

of ABC transporters in host defense at the mucosal frontier and 
their involvement with IBD pathophysiology. It has been shown 
in the literature that some of the patients suffering from ulcera-
tive colitis for a prolong time may develop colon cancer. However, 
reports are lacking showing exclusive expression profile of ABC 
transporters in mucosa of gut during active condition of Ulcerative 
colitis that are oppositely regulated during colon cancer. In this 
context, it is important to explore further, how ABC transporters 
correlate with clinical symptoms and outcome in IBD, how they 
might be important in colon cancer. The information outlined in 
this review may help to open up the avenues for early detection 
of colon cancer in UC patients. The scientific reports discussed in 
this review would increase the understanding of the vital role of 
ABC transporters in IBD and other gastrointestinal diseases. This 

can give directions to move the field forward and provide the basis 
in designing more studies towards the development of improved 
innovative approaches.

References
1. Hampe J, S Schreiber, SH Shaw, KF Lau, S Bridger, et al. (1999) A genome 

wide analysis provides evidence for novel linkages in inflammatory 
bowel disease in a large European cohort. American journal of human 
genetics 64: 808-816.

2. Bouma G, W Strober (2003) The immunological and genetic basis of 
inflammatory bowel disease. Nature reviews. Immunology 3: 521-533.

3. Hyun I, C Griggins, M Weiss, D Robbins, A Robichaud, et al. (2006) When 
patients do not have a proxy: a procedure for medical decision making 
when there is no one to speak for the patient. The Journal of clinical 
ethics 17: 323-330.

4. Iborra M, F Bernuzzi, P Invernizzi, S Danese (2012) MicroRNAs in 
autoimmunity and inflammatory bowel disease: crucial regulators in 
immune response. Autoimmunity reviews 11: 305-314.

5. Holland IB, MA Blight. (1999)ABC-ATPases, adaptable energy 
generators fuelling transmembrane movement of a variety of molecules 
in organisms from bacteria to humans. Journal of molecular biology 293: 
381-399.

6. Locher KP (2009) Structure and mechanism of ATP-binding cassette 
transporters. Philosophical transactions of the Royal Society of London 
Series B Biological sciences 364: 239-245.

7. Gottesman MM, SV Ambudkar (2001)Overview: ABC transporters and 
human disease. Journal of bioenergetics and biomembranes 33: 453-
458.

8. Jones PM, AM George (2004)The ABC transporter structure and 
mechanism: perspectives on recent research. Cellular and molecular life 
sciences CMLS 61: 682-699.

9. Chen J, G Lu, J Lin, AL Davidson, FA Quiocho (2003)A tweezers-like 
motion of the ATP-binding cassette dimer in an ABC transport cycle. 
Molecular cell 12: 651-661.

10. Senior AE, S Bhagat (1998) P-glycoprotein shows strong catalytic 
cooperativity between the two nucleotide sites. Biochemistry 37: 831-
836.

11. Verma N, V Ahuja, J Paul (2013) Profiling of ABC transporters during 
active ulcerative colitis and in vitro effect of inflammatory modulators. 
Digestive diseases and sciences 58: 2282-2292.

12. Wijnholds J, R Evers, MR van Leusden, CA Mol, GJ Zaman, et al. (1997) 
Increased sensitivity to anticancer drugs and decreased inflammatory 
response in mice lacking the multidrug resistance-associated protein. 
Nature medicine 3: 1275-1279.

13. Blokzijl H, A van Steenpaal, S Vander Borght, LI Bok, L Libbrecht, et al. 
(2008) Up-regulation and cytoprotective role of epithelial multidrug 
resistance-associated protein 1 in inflammatory bowel disease. The 
Journal of biological chemistry 283: 35630-35637.

14. Ban H, A Andoh, H Imaeda, A Kobori, S Bamba, et al. (2010) The 
multidrug-resistance protein 4 polymorphism is a new factor accounting 
for thiopurine sensitivity in Japanese patients with inflammatory bowel 
disease. Journal of gastroenterology 45: 1014-1021.

15. Kabakchiev B, D Turner, J Hyams, D Mack, N Leleiko, et al. (2010) 
Gene expression changes associated with resistance to intravenous 
corticosteroid therapy in children with severe ulcerative colitis. PloS 
one 5:

16. Goralski KB, G Hartmann, M Piquette-Miller, KW Renton (2003) 
Downregulation of mdr1a expression in the brain and liver during CNS 
inflammation alters the in vivo disposition of digoxin. British journal of 
pharmacology 139: 35-48.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1377799/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1377799/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1377799/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1377799/
https://www.ncbi.nlm.nih.gov/pubmed/12876555
https://www.ncbi.nlm.nih.gov/pubmed/12876555
https://cwru.pure.elsevier.com/en/publications/when-patients-do-not-have-a-proxy-a-procedure-for-medical-decisio-2
https://cwru.pure.elsevier.com/en/publications/when-patients-do-not-have-a-proxy-a-procedure-for-medical-decisio-2
https://cwru.pure.elsevier.com/en/publications/when-patients-do-not-have-a-proxy-a-procedure-for-medical-decisio-2
https://cwru.pure.elsevier.com/en/publications/when-patients-do-not-have-a-proxy-a-procedure-for-medical-decisio-2
https://www.ncbi.nlm.nih.gov/pubmed/20627134
https://www.ncbi.nlm.nih.gov/pubmed/20627134
https://www.ncbi.nlm.nih.gov/pubmed/20627134
https://europepmc.org/abstract/med/10529352
https://europepmc.org/abstract/med/10529352
https://europepmc.org/abstract/med/10529352
https://europepmc.org/abstract/med/10529352
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2674090/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2674090/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2674090/
https://link.springer.com/article/10.1023/A:1012866803188
https://link.springer.com/article/10.1023/A:1012866803188
https://link.springer.com/article/10.1023/A:1012866803188
https://link.springer.com/article/10.1007/s00018-003-3336-9
https://link.springer.com/article/10.1007/s00018-003-3336-9
https://link.springer.com/article/10.1007/s00018-003-3336-9
https://www.ncbi.nlm.nih.gov/pubmed/14527411
https://www.ncbi.nlm.nih.gov/pubmed/14527411
https://www.ncbi.nlm.nih.gov/pubmed/14527411
https://www.ncbi.nlm.nih.gov/pubmed/9454572
https://www.ncbi.nlm.nih.gov/pubmed/9454572
https://www.ncbi.nlm.nih.gov/pubmed/9454572
https://www.ncbi.nlm.nih.gov/pubmed/23512405
https://www.ncbi.nlm.nih.gov/pubmed/23512405
https://www.ncbi.nlm.nih.gov/pubmed/23512405
https://www.ncbi.nlm.nih.gov/pubmed/9359705
https://www.ncbi.nlm.nih.gov/pubmed/9359705
https://www.ncbi.nlm.nih.gov/pubmed/9359705
https://www.ncbi.nlm.nih.gov/pubmed/9359705
https://www.ncbi.nlm.nih.gov/pubmed/18838379
https://www.ncbi.nlm.nih.gov/pubmed/18838379
https://www.ncbi.nlm.nih.gov/pubmed/18838379
https://www.ncbi.nlm.nih.gov/pubmed/18838379
https://www.ncbi.nlm.nih.gov/pubmed/20393862
https://www.ncbi.nlm.nih.gov/pubmed/20393862
https://www.ncbi.nlm.nih.gov/pubmed/20393862
https://www.ncbi.nlm.nih.gov/pubmed/20393862
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2948001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2948001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2948001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2948001/
https://www.ncbi.nlm.nih.gov/pubmed/12746221
https://www.ncbi.nlm.nih.gov/pubmed/12746221
https://www.ncbi.nlm.nih.gov/pubmed/12746221
https://www.ncbi.nlm.nih.gov/pubmed/12746221


Reena Kumari. Biomed J Sci & Tech Res Volume 5- Issue 1: 2018 

Biomedical Journal of 
Scientific & Technical Research (BJSTR) 4291

17. Hartmann DM, O Kibar, SC Esener (2001) Optimization and theoretical 
modeling of polymer microlens arrays fabricated with the hydrophobic 
effect. Applied optics 40: 2736-2746.

18. Piquette-Miller M, A Pak, H Kim, R Anari, A Shahzamani (1998) 
Decreased expression and activity of P-glycoprotein in rat liver during 
acute inflammation. Pharmaceutical research 15: 706-711.

19. Kalitsky-Szirtes J, A Shayeganpour, DR Brocks, M Piquette-Miller (2004) 
Suppression of drug-metabolizing enzymes and efflux transporters 
in the intestine of endotoxin-treated rats. Drug metabolism and 
disposition: the biological fate of chemicals 32: 20-27.

20. Dietrich CG, A Geier, HE Wasmuth, S Matern, C Gartung, et al. (2004) 
Influence of biliary cirrhosis on the detoxification and elimination of a 
food derived carcinogen. Gut 53: 1850-1855.

21. Panwala CM, JC Jones, JL Viney (1998) A novel model of inflammatory 
bowel disease: mice deficient for the multiple drug resistance 
gene, mdr1a, spontaneously develop colitis. Journal of immunology 
(Baltimore, Md: 1950) 161: 5733-5744.

22. Langmann T, C Moehle, R Mauerer, M Scharl, G Liebisch, et al. (2004) 
Loss of detoxification in inflammatory bowel disease: dysregulation of 
pregnane X receptor target genes. Gastroenterology 127: 26-40.

23. Lawrance IC, C Fiocchi, S Chakravarti (2001) Ulcerative colitis and 
Crohn’s disease: distinctive gene expression profiles and novel 
susceptibility candidate genes. Human molecular genetics 10: 445-456.

24. De Iudicibus S, R Franca, S Martelossi, A Ventura, G Decorti (2011) 
Molecular mechanism of glucocorticoid resistance in inflammatory 
bowel disease. World journal of gastroenterology 17: 1095-1108.

25. Ufer M, R Hasler, G Jacobs, S Haenisch, S Lachelt, et al. (2009) Decreased 
sigmoidal ABCB1 (P-glycoprotein) expression in ulcerative colitis is 
associated with disease activity. Pharmacogenomics 10: 1941-1953.

26. Cortada CM, A Gil, S Goncalves, A Sambuelli, MC Rubio, et al. (2009) 
[P-glycoprotein functional activity in peripheral blood lymphocytes in 
ulcerative colitis]. Medicina 69: 437-441.

27. Schwab M, E Schaeffeler, C Marx, MF Fromm, B Kaskas, et al. (2003) 
Association between the C3435T MDR1 gene polymorphism and 
susceptibility for ulcerative colitis. Gastroenterology 124: 26-33.

28. Ho GT, ER Nimmo, A Tenesa, J Fennell, H Drummond, et al. (2005) Allelic 
variations of the multidrug resistance gene determine susceptibility and 
disease behavior in ulcerative colitis. Gastroenterology 128: 288-296.

29. Juyal G, V Midha, D Amre, A Sood, E Seidman, et al. (2009) Associations 
between common variants in the MDR1 (ABCB1) gene and ulcerative 
colitis among North Indians. Pharmacogenetics and genomics 19: 77-85.

30. Dudarewicz M, M Baranska, M Rychlik-Sych, R Trzcinski, A Dziki, et al. 
(2012) C3435T polymorphism of the ABCB1/MDR1 gene encoding 
P-glycoprotein in patients with inflammatory bowel disease in a Polish 
population. Pharmacological reports PR 64: 343-350.

31. Huebner C, BL Browning, I Petermann, DY Han, M Philpott, et al. 
(2009) Genetic analysis of MDR1 and inflammatory bowel disease 
reveals protective effect of heterozygous variants for ulcerative colitis. 
Inflammatory bowel diseases 15: 1784-1793.

32. Sapmaz A, SC Ozen Karatayli, U Dagli, ZM Kilic, M Toruner, et al. (2008) 
Effects of polymorphism in G2677T/A triallelic region of MDR1 gene 
in Turkish patients with inflammatory bowel disease. The Turkish 
journal of gastroenterology: the official journal of Turkish Society of 
Gastroenterology 19: 168-173.

33. Krupoves A, EG Seidman, D Mack, D Israel, K Morgan, et al. (2009) 
Associations between ABCB1/MDR1 gene polymorphisms and Crohn’s 
disease: a gene-wide study in a pediatric population. Inflammatory 
bowel diseases 15: 900-908.

34. Fiedler T, C Buning, W Reuter, G Pitre, E Gentz, et al. (2007) Possible role 
of MDR1 two-locus genotypes for young-age onset ulcerative colitis but 
not Crohn’s disease. European journal of clinical pharmacology 63: 917-
925.

35. Fischer S, PL Lakatos, L Lakatos, A Kovacs, T Molnar, et al. (2007) 
ATP-binding cassette transporter ABCG2 (BCRP) and ABCB1 (MDR1) 
variants are not associated with disease susceptibility, disease 
phenotype response to medical therapy or need for surgery in Hungarian 
patients with inflammatory bowel diseases. Scandinavian journal of 
gastroenterology 42: 726-733.

36. Mendoza JL, E Urcelay, R Lana, MC Martin, N Lopez, et al. (2007) MDR1 
polymorphisms and response to azathioprine therapy in patients with 
Crohn’s disease. Inflammatory bowel diseases 13: 585-590.

37. Farnood A, N Naderi, SJ Moghaddam, B Noorinayer, F Firouzi, et al. 
(2007) The frequency of C3435T MDR1 gene polymorphism in Iranian 
patients with ulcerative colitis. International journal of colorectal 
disease 22: 999-1003.

38. Oostenbrug LE, G Dijkstra, IM Nolte, HM van Dullemen, E Oosterom, 
et al. (2006) Absence of association between the multidrug resistance 
(MDR1) gene and inflammatory bowel disease. Scandinavian journal of 
gastroenterology 41: 1174-1182.

39. Onnie CM, SA Fisher, R Pattni, J Sanderson, A Forbes, et al. (2006) 
Associations of allelic variants of the multidrug resistance gene (ABCB1 
or MDR1) and inflammatory bowel disease and their effects on disease 
behavior: a case-control and meta-analysis study. Inflammatory bowel 
diseases 12: 263-271.

40. Field FJ, K Watt, SN Mathur (2010) TNF-alpha decreases ABCA1 
expression and attenuates HDL cholesterol efflux in the human intestinal 
cell line Caco-2. Journal of lipid research 51: 1407-1415.

41. Leslie EM, RG Deeley, SP Cole (2005) Multidrug resistance proteins: role 
of P-glycoprotein, MRP1, MRP2, and BCRP (ABCG2) in tissue defense. 
Toxicology and applied pharmacology 204: 216-237.

42. Zaher H, AA Khan, J Palandra, TG Brayman, L Yu, et al. (2006) Breast 
cancer resistance protein (Bcrp/abcg2) is a major determinant of 
sulfasalazine absorption and elimination in the mouse. Molecular 
pharmaceutics 3: 55-61.

43. Englund G, A Jacobson, F Rorsman, P Artursson, A Kindmark, et al. 
(2007) Efflux transporters in ulcerative colitis: decreased expression of 
BCRP (ABCG2) and Pgp (ABCB1).Inflammatory bowel diseases 13: 291-
297.

44. Deuring JJ, MP Peppelenbosch, EJ Kuipers, CJ van der Woude, C de Haar 
(2011) Impeded protein folding and function in active inflammatory 
bowel disease. Biochemical Society transactions 39: 1107-1111.

45. Deuring JJ, C de Haar, CL Koelewijn, EJ Kuipers, MP Peppelenbosch, et al. 
(2012) Absence of ABCG2-mediated mucosal detoxification in patients 
with active inflammatory bowel disease is due to impeded protein 
folding. The Biochemical journal 441: 87-93.

46. Thiebaut F, T Tsuruo, H Hamada, MM Gottesman, I Pastan, et al. 
(1987) Cellular localization of the multidrug-resistance gene product 
P-glycoprotein in normal human tissues. Proceedings of the National 
Academy of Sciences of the United States of America 84: 7735-7738.

47. Siccardi D, KL Mumy, DM Wall, JD Bien, BA McCormick (2008) Salmonella 
enterica serovar Typhimurium modulates P-glycoprotein in the 
intestinal epithelium. American journal of physiology. Gastrointestinal 
and liver physiology 294: G1392-1400.

48. Mottino AD, T Hoffman, L Jennes, M Vore (2000) Expression and 
localization of multidrug resistant protein mrp2 in rat small intestine. 
The Journal of pharmacology and experimental therapeutics 293: 717-
723.

49. Van Aubel RA, A Hartog, RJ Bindels, CH Van Os, FG Russel (2000) 
Expression and immunolocalization of multidrug resistance protein 2 in 
rabbit small intestine. European journal of pharmacology 400: 195-198.

50. Pazos M, D Siccardi, KL Mumy, JD Bien, S Louie, et al. (2008) Multidrug 
resistance-associated transporter 2 regulates mucosal inflammation 
by facilitating the synthesis of hepoxilin A3. Journal of immunology 
(Baltimore Md: 1950) 181: 8044-8052.

https://www.osapublishing.org/ao/abstract.cfm?uri=ao-40-16-2736
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-40-16-2736
https://www.osapublishing.org/ao/abstract.cfm?uri=ao-40-16-2736
http://europepmc.org/abstract/MED/9619778
http://europepmc.org/abstract/MED/9619778
http://europepmc.org/abstract/MED/9619778
https://www.ncbi.nlm.nih.gov/pubmed/14709616
https://www.ncbi.nlm.nih.gov/pubmed/14709616
https://www.ncbi.nlm.nih.gov/pubmed/14709616
https://www.ncbi.nlm.nih.gov/pubmed/14709616
https://www.ncbi.nlm.nih.gov/pubmed/9820555
https://www.ncbi.nlm.nih.gov/pubmed/9820555
https://www.ncbi.nlm.nih.gov/pubmed/9820555
https://www.ncbi.nlm.nih.gov/pubmed/9820555
https://www.ncbi.nlm.nih.gov/pubmed/15236169
https://www.ncbi.nlm.nih.gov/pubmed/15236169
https://www.ncbi.nlm.nih.gov/pubmed/15236169
https://www.ncbi.nlm.nih.gov/pubmed/11181568
https://www.ncbi.nlm.nih.gov/pubmed/11181568
https://www.ncbi.nlm.nih.gov/pubmed/11181568
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3063901/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3063901/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3063901/
https://www.ncbi.nlm.nih.gov/pubmed/19958093
https://www.ncbi.nlm.nih.gov/pubmed/19958093
https://www.ncbi.nlm.nih.gov/pubmed/19958093
https://europepmc.org/abstract/med/19770098
https://europepmc.org/abstract/med/19770098
https://europepmc.org/abstract/med/19770098
https://www.ncbi.nlm.nih.gov/pubmed/12512026
https://www.ncbi.nlm.nih.gov/pubmed/12512026
https://www.ncbi.nlm.nih.gov/pubmed/12512026
https://www.ncbi.nlm.nih.gov/pubmed/15685540
https://www.ncbi.nlm.nih.gov/pubmed/15685540
https://www.ncbi.nlm.nih.gov/pubmed/15685540
https://www.ncbi.nlm.nih.gov/pubmed/19005421
https://www.ncbi.nlm.nih.gov/pubmed/19005421
https://www.ncbi.nlm.nih.gov/pubmed/19005421
https://www.ncbi.nlm.nih.gov/pubmed/22661185
https://www.ncbi.nlm.nih.gov/pubmed/22661185
https://www.ncbi.nlm.nih.gov/pubmed/22661185
https://www.ncbi.nlm.nih.gov/pubmed/22661185
http://europepmc.org/abstract/med/19115152
http://europepmc.org/abstract/med/19115152
http://europepmc.org/abstract/med/19115152
http://europepmc.org/abstract/med/19115152
http://europepmc.org/abstract/med/19115152
https://www.ncbi.nlm.nih.gov/pubmed/19107781
https://www.ncbi.nlm.nih.gov/pubmed/19107781
https://www.ncbi.nlm.nih.gov/pubmed/19107781
https://www.ncbi.nlm.nih.gov/pubmed/19107781
https://www.infona.pl/resource/bwmeta1.element.springer-22ebab0b-7c9d-3835-b5ab-01a45dd8b492
https://www.infona.pl/resource/bwmeta1.element.springer-22ebab0b-7c9d-3835-b5ab-01a45dd8b492
https://www.infona.pl/resource/bwmeta1.element.springer-22ebab0b-7c9d-3835-b5ab-01a45dd8b492
https://www.infona.pl/resource/bwmeta1.element.springer-22ebab0b-7c9d-3835-b5ab-01a45dd8b492
https://www.ncbi.nlm.nih.gov/pubmed/17505995
https://www.ncbi.nlm.nih.gov/pubmed/17505995
https://www.ncbi.nlm.nih.gov/pubmed/17505995
https://www.ncbi.nlm.nih.gov/pubmed/17505995
https://www.ncbi.nlm.nih.gov/pubmed/17505995
https://www.ncbi.nlm.nih.gov/pubmed/17505995
https://www.ncbi.nlm.nih.gov/pubmed/17262810
https://www.ncbi.nlm.nih.gov/pubmed/17262810
https://www.ncbi.nlm.nih.gov/pubmed/17262810
https://link.springer.com/article/10.1007/s00384-007-0270-6
https://link.springer.com/article/10.1007/s00384-007-0270-6
https://link.springer.com/article/10.1007/s00384-007-0270-6
https://link.springer.com/article/10.1007/s00384-007-0270-6
https://www.ncbi.nlm.nih.gov/pubmed/16990202
https://www.ncbi.nlm.nih.gov/pubmed/16990202
https://www.ncbi.nlm.nih.gov/pubmed/16990202
https://www.ncbi.nlm.nih.gov/pubmed/16990202
https://www.ncbi.nlm.nih.gov/pubmed/16633048
https://www.ncbi.nlm.nih.gov/pubmed/16633048
https://www.ncbi.nlm.nih.gov/pubmed/16633048
https://www.ncbi.nlm.nih.gov/pubmed/16633048
https://www.ncbi.nlm.nih.gov/pubmed/16633048
https://www.ncbi.nlm.nih.gov/pubmed/20103810
https://www.ncbi.nlm.nih.gov/pubmed/20103810
https://www.ncbi.nlm.nih.gov/pubmed/20103810
https://www.ncbi.nlm.nih.gov/pubmed/15845415
https://www.ncbi.nlm.nih.gov/pubmed/15845415
https://www.ncbi.nlm.nih.gov/pubmed/15845415
https://www.ncbi.nlm.nih.gov/pubmed/16686369
https://www.ncbi.nlm.nih.gov/pubmed/16686369
https://www.ncbi.nlm.nih.gov/pubmed/16686369
https://www.ncbi.nlm.nih.gov/pubmed/16686369
https://www.ncbi.nlm.nih.gov/pubmed/17206689
https://www.ncbi.nlm.nih.gov/pubmed/17206689
https://www.ncbi.nlm.nih.gov/pubmed/17206689
https://www.ncbi.nlm.nih.gov/pubmed/17206689
http://www.biochemsoctrans.org/content/39/4/1107
http://www.biochemsoctrans.org/content/39/4/1107
http://www.biochemsoctrans.org/content/39/4/1107
https://www.ncbi.nlm.nih.gov/pubmed/21864296
https://www.ncbi.nlm.nih.gov/pubmed/21864296
https://www.ncbi.nlm.nih.gov/pubmed/21864296
https://www.ncbi.nlm.nih.gov/pubmed/21864296
https://www.ncbi.nlm.nih.gov/pubmed/2444983
https://www.ncbi.nlm.nih.gov/pubmed/2444983
https://www.ncbi.nlm.nih.gov/pubmed/2444983
https://www.ncbi.nlm.nih.gov/pubmed/2444983
https://www.physiology.org/doi/abs/10.1152/ajpgi.00599.2007
https://www.physiology.org/doi/abs/10.1152/ajpgi.00599.2007
https://www.physiology.org/doi/abs/10.1152/ajpgi.00599.2007
https://www.physiology.org/doi/abs/10.1152/ajpgi.00599.2007
https://www.ncbi.nlm.nih.gov/pubmed/10869369
https://www.ncbi.nlm.nih.gov/pubmed/10869369
https://www.ncbi.nlm.nih.gov/pubmed/10869369
https://www.ncbi.nlm.nih.gov/pubmed/10869369
https://europepmc.org/abstract/med/10988333
https://europepmc.org/abstract/med/10988333
https://europepmc.org/abstract/med/10988333
https://www.ncbi.nlm.nih.gov/pubmed/19017997
https://www.ncbi.nlm.nih.gov/pubmed/19017997
https://www.ncbi.nlm.nih.gov/pubmed/19017997
https://www.ncbi.nlm.nih.gov/pubmed/19017997


Reena Kumari. Biomed J Sci & Tech Res Volume 5- Issue 1: 2018

Biomedical Journal of 
Scientific & Technical Research (BJSTR) 4292

51. Mrsny RJ, AT Gewirtz, D Siccardi, T Savidge, BP Hurley, et al. (2004) 
Identification of hepoxilin A3 in inflammatory events: a required role 
in neutrophil migration across intestinal epithelia. Proceedings of the 
National Academy of Sciences of the United States of America 101: 7421-
7426.

52. Maliepaard M, GL Scheffer, IF Faneyte, MA van Gastelen, AC Pijnenborg, 
et al. (2001) Subcellular localization and distribution of the breast 
cancer resistance protein transporter in normal human tissues. Cancer 
research 61: 3458-3464.

53. Higgins CF (1995) The ABC of channel regulation. Cell 82: 693-696.

54. Lyczak JB, GB Pier (2002) Salmonella enterica serovar typhi modulates 
cell surface expression of its receptor, the cystic fibrosis transmembrane 
conductance regulator, on the intestinal epithelium. Infection and 
immunity 70: 6416-6423.

55. Lyczak JB (2003) Commensal bacteria increase invasion of intestinal 
epithelium by Salmonella enterica serovar Typhi. Infection and 
immunity 71: 6610-6614.

56. Kumari R, V Ahuja, J Paul (2013) Fluctuations in butyrate-producing 
bacteria in ulcerative colitis patients of North India. World journal of 
gastroenterology 19: 3404-3414.

Submission Link: https://biomedres.us/submit-manuscript.php
Assets of Publishing with us

• Global archiving of articles

• Immediate, unrestricted online access

• Rigorous Peer Review Process

• Authors Retain Copyrights

• Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

http://www.pnas.org/content/101/19/7421
http://www.pnas.org/content/101/19/7421
http://www.pnas.org/content/101/19/7421
http://www.pnas.org/content/101/19/7421
http://www.pnas.org/content/101/19/7421
https://www.ncbi.nlm.nih.gov/pubmed/11309308
https://www.ncbi.nlm.nih.gov/pubmed/11309308
https://www.ncbi.nlm.nih.gov/pubmed/11309308
https://www.ncbi.nlm.nih.gov/pubmed/11309308
https://www.ncbi.nlm.nih.gov/pubmed/7671298
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130400/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130400/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130400/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC130400/
https://www.ncbi.nlm.nih.gov/pubmed/14573683
https://www.ncbi.nlm.nih.gov/pubmed/14573683
https://www.ncbi.nlm.nih.gov/pubmed/14573683
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3683678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3683678/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3683678/
https://biomedres.us/submit-manuscript.php
https://biomedres.us/

	Title
	Abstract 
	Keywords
	Introduction
	ATP-Binding Cassette (ABC) Transporters
	Role of ABC Transporters in IBD
	ABC transporters and their inter-action with gut microbes 

	Discussion and Conclusion
	References
	Table 1
	Figure 1

