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Abstract

The MDR1 gene is an attractive candidate gene for
the pathogenesis of inflammatory bowel disease (IBD)
and perhaps response to therapy, with evidences at
both functional and genetic levels. Its product, the
P-glycoprotein (P-gp) functions as a transmembrane
efflux pump thus influencing disposition and response of
many drugs, some of whom (i.e. glucocorticoids) central
to IBD therapy. In addition P-gp is highly expressed in
many epithelial surfaces, included gastrointestinal tract
(G-I) with a putative role in decreasing the absorption
of endogenous or exogenous toxins, and perhaps
host-bacteria interaction. Many genetic variations of
MDR1 gene has been described and in some instances
evidences for different P-gp expression as well drugs
metabolism have been provided. However data are often
conflicting due to genetic heterogeneity and different
methodologies employed. Perhaps the greatest piece
of evidence of the physiological importance of P-gp in
the G-I tract has come from the description of the mdrl
knock-out mice model, which develops a spontaneous
colitis in a specific pathogen-free environment.
Studies investigating MDR1 gene polymorphism and
predisposition to IBD have also shown conflicting results,
owing to the known difficulties in complex diseases,
especially when the supposed genetic contribution
is weak. In this study we have undertaken a meta-
analysis of the available findings obtained with two
SNPs polymorphism (C3435T and G2677T/A) in IBD;
a significant association of 3435T allele and 3435TT
genotype has been found with UC (OR = 1.17, # = 0.003
and OR = 1.36, P = 0.017, respectively). In contrast no
association with CD and the G2677T/A polymorphism
could be demonstrated.
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INTRODUCTION

The role of P-glycoprotein (P-gp), the encoded product
of the MDR1 gene, has been extensively studied as a
mediator of multidrug resistance phenotype associated
with certain types of cancers. Constitutive expression
of this transporter in normal tissues has been shown to
play an important role in drug disposition and response.
More recently, genetic heterogeneity in terms of single
nucleotide polymorphisms (SNPs) in this transporter has
received significant attention as potential determinant of
susceptibility to inflammatory bowel disease (IBD), and
variability in drug efficacy in this condition.

The goal of this review is to summarize the available
knowledge regarding the role of P-gp in the human
gastrointestinal tract and on drug disposition process, and
to focus specifically on the putative effects of the MDRI1
gene polymorphisms in IBD by means of a meta-analysis
of the available studies.

P-GP FUNCTION

P-gp is a member of the adenosine triphosphate (ATP)-
binding cassette family that is encoded by the human
ABCB1 gene (ATP-binding cassette, subfamily B), also
called MDR1". Human P-gp is a phosphorylated and
glycosilated transmembrane protein consisting of 1280
amino acids and 2 homologous and symmetric sequences,
each containing 6 transmembrane domains and an ATP-
binding motif. P-gp functions as a transmembrane efflux
pump, thereby moving drugs from the intracellular
to the extra cellular domain; it may also interact with
drug molecules trapped within the cell membrane lipid
bilayer. ATP hydrolysis provides the energy for active
drug transport against steep concentration gradient
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(like a “vacuum cleaner”)?. P-gp was first isolated
from colchicine-resistant Chinese hamster ovary cells”,
Subsequently the gene coding for P-gp (MDR1) was
identified owing to its over expression in tumour cells
associated with an acquired cross-resistance to multiple
cytotoxic anticancer agents'”. In humans, two MDR
genes, MDR1 and MDR3 (also called MDR2), have been
described, whereas in rodents three genes mdrla, mdrlb,
mdr2, have been identified. Subsequently, P-gp was also
recognized to be expressed in many normal tissues, such
as the canalicular surface of hepatocytes, the apical sutface
of proximal tubular cells in kidneys, and the brush borders
of the enterocytes”™. In addition, P-gp is also found in the
epithelium of the brain choroids plexus (where constitutes
the blood-cerebrospinal fluid barrier) as well as on the
luminal surface of blood capillaries of the brain (blood-
brain barrier)'”. P-gp is also expressed in other tissues
known to have blood-tissues barriers, such as placenta,
ovaries, and testes'. Moreover, P-gp has been detected in
haematopoietic stem cells, peripheral blood mononuclear
cells, mature macrophage, natural killer cells, antigen-
presenting dendritic cells, and T and B-lymphocytes"™.

The function and especially the anatomic localization
of P-gp suggest that this transporter acts as a protective
barrier to keep toxins out of the body by secreting
them into bile, urine, and intestinal lumen, and theteby

preventing their accumulation in critical organs'”.

P-gp IN THE GASTROINTESTINAL TRACT

In the human gastrointestinal tract (GI), P-gp is found
at high concentrations on apical surfaces of superficial
columnar epithelial cells of the colon and distal small
bowel. High levels are also found in small biliary ductules
and small pancreatic ductules. In the GI tract there is
a regional variation in P-gp expression with a maximal
expression in the epithelial cells of the ileum and a
gradual decline proximally to the jejunum, duodenum,
and stomach; variations across the colon are less well
defined"”. The putative role of the P-gp in the GI tract is
to decrease the absorption of endogenous and exogenous
hydrophobic amphipathic toxins'*'?. A great insight into
the physiological role of P-gp protein in the GI tract has
derived from the phenotype of the mdrla gene knockout
mice. This model was prompted by the finding that the
MDRI1 gene is present in a region of the human genome
(7g21.1) that may harbour a disease gene involved in
susceptibility to IBD". Interestingly, the mdrla knockout
mice also develop a spontaneous colitis when maintained
under specific pathogen-free conditions". The colitis
is prevented and reversed by the administration of
antibiotics, suggesting that the intestinal flora is necessary
to initiate and perpetuate the inflammation. This model
implies that loss of the xenobiotic efflux mechanism may
promote the development of the colitis. At histology,
presence of long and dysregulated crypts, crypt abscess,
and superficial mucosal inflammation has been described,
a picture reminiscent of ulcerative colitis. However,
transmural infiltration resembling Crohn’s disease has also
been observed. More recently it has been desctibed that
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DRUG S |- I+ DRUG S I- I+
Anticancer Antiviral
Actinomycin D V Amprenavir \ V
Daunorubicin V Indinavir \ V V
Mitomicyn C V Nelfinavir \ V V
Mitoxantrone l Antibiotics
Vinblastine l Claritromycin l
Vincristine Xl Erythromycin \ \
Antihypertensive Levofloxacin \/
Diltiazem Xl Rifampin \ V
Losartan Xl Tetracycline \
Nicardipine Xl Antimycotics
Talinolol * Itraconazole \ \
Antiarrhythmics Ketoconazole N
Amiodarone V Immunosup.
Digoxin Xl Cyclosporine \ \
Quinidine NN Tacrolimus v v
Verapamil R Methotrexate v
Glucocorticoids Antidepressants
Aldosterone \ Anmitriptyline \/
Cortisol \ Fluoxetine \
Dexamethasone R v Neuroleptics
Methylprednisolone Chlorpromazine N
Others Phenotiazine \
Colchicine \ Phenobarbital \/
Dipyridamole N Opioids
Loperamide R Methadone N
Progesterone R Morphine N
Spironolactone \/ Antacids
Domperidone \/ Ranitidine \/
Ondansetron R Cimetidine \/

Helicobacter bilis infection accelerated while Helicobacter
hepaticus infection delayed the development of
spontaneous colitis™ | thus suggesting that specific luminal
bacteria may critically influence the development of colitis
in genetically susceptible animals.

P-gp SUBSTRATES

The structure-activity relationship for P-gp substrates
has yet to be clearly defined. Table 1 summarizes a
comprehensive list of compounds that act as substrates,
inhibitors or inducers of P-gp (modified from Marzolini
et ). The range of substrates is broad and it also evident
that many drugs are also substrates of the cytochrome
P450 (CYP) 3A4. The overlap between CYP3A4 and
P-gp is also emphasized by the genomic proximity of
both genes (7q22.1 and 7q21.1 for CYP3A4 and MDRI,
respectively)“(ﬂ. The co-localization of the P-gp and
CYP3A4 in the small intestine and liver suggests that
this transporter also plays a significant role in the oral
bioavailability, distribution, and excretion of drugs.
Evidence supporting such a role was obtained from
animal models. A mouse strain naturally deficient in mdrla
demonstrated a marked sensitivity to the neurotoxic effects
of ivermectin, an antiparasiticidem. Experiments with
mdrla knockout mice have revealed the P-gp limits the
central nervous system entry of drugs like cyclosporine,
digoxin, vinblastine and the oral absorption of drug like
paclitaxel™. Of broad clinical relevance is the interaction
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between digoxin and other cardiac drugs such as verapamil,
quinidine, and amiodarone™. Of interest, several drugs
central to IBD therapy are also MDR1 substrates like
glucocorticoidsm’zzj, cyclosporinemj and methotrexate™.

POLYMORPHISM IN THE HUMAN MDR1
GENE

MDRT1 is located in the human chromosome 7 band
p21-21.1 on a 600 kb Nrul fragrnent[%], and the MDR1
coding region is contained on a 120 kb Xhol fragmentlzﬂ.
The gene extends over more than 100 kb containing
28 introns, 26 of them interrupting the protein-coding
sequence. MDR1 mRNA has a size of 4.7 kDa, thus its
coding region accounts for less than 5% of the total. The
first report of MDR1 polymorphism was presented in
1989%" To date, genetic variations of the human MDRI1
gene has been extensively studied (reviewed in ref.28, 29)
with 50 SNPs and 3 insertion/deletion polymorphisms
reported. Moreover, several preclinical and clinical
studies have provided evidence for naturally occurring
polymorphisms of MDR1 gene and their effects on drug
absorption, distribution, and elimination". Hoffmeyer
et al performed the first systematic screening for MDR1
polymorphisms in 2000°"; in that study a synonymous
SNP in exon 26 (C3435T) was the first variation to be
associated with altered protein expression, although the
SNP does not change the encoded amino acid (Ile). In
addition, P-gp expression in the duodenum of individuals
with the homozygous T allele (vatiant) was decreased when
compared with individuals with the C allele (wild type).
Other studies have shown that SNPs at exon 21 (G2677T/
A) and at exon 1b (T129C) may also be associated with
altered transport function or expressions” . However, a
disequilibrium exists between SNPs in exon 26 (C3435T)
and exon 21 (G2677T/A), suggesting that the observed
differences in P-gp, initially attributed to the exon 26 SNP,
may be the result of the associated polymorphism in exon
21", Furthermore, several groups have subsequently
confirmed the existence of such distinct haplotyfpes[34’35],
with three common haplotypes found in more than 70%
of individuals. It has also been recently shown that a
synonymous SNP in exon 12 (C12306T) is linked to the
C3435T and G2677T/A SNPs™. Available data indicate
that the allele frequencies of these three main variants
differ considerably in the various populations. Of note,
marked differences of the C3435T SNP allele frequency
have been observed with an increased frequency of the
C allele (wild type) in African populations compared with
Caucasian-Asian populationsps’}gj. Similarly, the 2677A
genotype of the G2677T/A SNP is significantly more
common in Japanese subjects'’, while the variant 1236T
of the C1236T SNP is significantly more frequent in Asian
subjects compared to Caucasian subjects'"",

The study of Hoffmeyer ¢ a/’" was the first to
demonstrate a 2-fold reduction in P-gp expression in
duodenal biopsy samples among healthy Caucasian
subjects homozygous for the exon 263435T allele.
Those subjects were also shown to have increased
digoxin plasma concentrations after oral administration,
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suggesting greater drug absorption in individuals with
low intestinal P-gp levels. However, the replication of
this finding has been controversial with consistent "
and conflicting studies**. Tn a study quantifying MDR1
mRNA in the duodenum, Nakamura ef /' showed,
in contrast to the Hoffmeyer’s findings, greater levels
in healthy Japanese subjects carrying the 3435T allele
as compared with subjects with the C3435T allele of
the exon 26. This controversy, however, is not limited
to the Asian population®™ as conflicting data have
been noted also for others P-gp substrates including
fexofenadine™** cyclosporine™ ™ and tacrolimus™**>",
Similarly conflicting data have also been reported
for the exon 21 polymorphisms concerning the
digoxin™*! tacrolimus”>*****" and multiple drugs”™*
pharmacokinetics. Furthermore, conflicting data
have also been obtained when evaluating the P-gp or
mRNA mucosal expression with studies demonstrating
reduced”" ! increased™” or unchanged™******* %l
P-gp function for mutant C3435T SNP. Functional
studies investigating the contribution of G2677T/A

olymorphism also accounted for conflicting results™****
WIDGE] possible reasons for such discrepancies are the
existence of gene-gene interaction, linkage disequilibrium
between C3435T SNP and other MDR1 SNPs, and
environmental factors influencing also the CYP enzyme
activity. Moreover, it should be noted that regulation of
P-gp expression might significantly differ from tissue to
tissue. For example, the ligand-activated nuclear receptor
PXR is though to be critical to P-gp expression in the liver
and intestine, whereas in sites such as blood-brain barrier,
PXR is unlikely to display regulatory functions. Finally,
the methodology used to measure P-gp expression widely
differs between studies. In addition different substrate
drugs have been used in various studies, with different
route of administration and potential different extent
of metabolism relative to P-gp-mediated transport. For
example, cyclosporine not only is transported by P-gp but
also it is a substrate of CYP3A4, thus a potential P-GP
effect may be masked by CYP3A4 activity.

MDR1 AND INFLAMMATORY BOWEL
DISEASE

The MDR1 gene is an attractive candidate gene for the
pathogenesis of IBD and perhaps response to therapy,
with evidences at both functional and genetic levels®. In
a German case-control study Schwab ef a/ investigating
the C3435T polymorphism firstly reported an increase of
the T allele and TT genotype frequencies in 149 patients
with ulcerative colitis, but not Crohn’s disease, compared
with controls (P = 0.049, OR = 1.4; P = 0.005, OR = 2.1,
respecrjvely)m. Subsequent studies, however, have gained
conflicting results: Glas ez a/® in a small group of 123
patients with UC found results in partial accordance with a
trend towards an increased frequency of T allele compared
to healthy controls, but a statistical difference was obtained
only in one of two different control groups (T allele, P =
0.018; TT genotype, P = 0.0106), thus suggesting the key

factor of patients and controls recruitment. In a small
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Greek study® no difference was found in both UC and
CD patients, but this study has been criticized because
the investigated populations were not in Hardy-Weinberg
equilibrium. A large study”” performed in a German and
British cohort investigating 307 UC and 564 CD patients
by using both a case-control strategy and a transmission
disequilibrium test based analysis (which is more resilient
to latent effects such as population stratification), failed
to demonstrate an association, even after stratifying
individuals on the basis of CARD15 gene variants. More
recently Ho ez a/’" confirmed the association in UC
patients (P = 0.04, OR 1.6 for TT genotype), especially
those with extensive colitis (P = 0.003, OR = 2.64), but in
contrast completely negative findings have been reported
in large studies from North America™, Slovenia” and
Italy"™. In particular in the latter study from our Institution,
about one thousand IBD patients have been genotyped
(Tables 2 and 3) with negative results. In addition, Urcelay
et al™ paradoxically found a significant association of the
CC3435 genotype (wild) in CD patients (P = 0.007), but
data were not in Hardy-Weinberg equilibrium.

In a multicenter North Ametican cohort with 444 IBD
trios, Brant e al™” investigated also another polymorphism
of MDRI, the tri-allelic G2677T/A SNP (Ala893Ser/
Thr). They found a significant association of the Ala893
variant (G2677), known to decrease transporter function,
with IBD in both case-control analysis (P = 0.002) and the
pedigree disequilibrium test (PDT) (P = 0.0002), especially
in non-Jewish subjects. The association was confirmed
by PDT analysis within the CD subset (P = 0.001) with
a similar, non-significant trend in the small subset of
UC patients. Curiously, an association with another allele
(T allele, 893Ser variant) of this SNP was found in UC
patients (P = 0.029) by Potoénik ez a/”. Ho et al™", did
not find an association between this polymorphism and
IBD; however, a 2-locus haplotype (3435T/G2677)
was significantly associated with UC in this study (P =
0.03). Urcelay et al™ similarly did not found a correlation
between this polymorphism and IBD, however, a trend
towatds an increased frequency of 2-locus 2677T/C3435
haplotype was found in CD patients. In contrast, more
recently Palmieri e a/"" did not found any association
of this polymorphism and 2-locus haplotype with IBD
patients (Table 3). Reasons for this discrepancy may lie
in population heterogeneity, sample size, selection of
control population, incomplete phenotype description,
and difficulty to replicate results in case control study
when the contribution of the genetic predisposing factor
under investigation is weak. Accordingly, when looking for
example at the existing data on C3435T polymorphism,
it is apparent that the 5%-8% difference of the “risk”
allele and genotype frequencies in UC patients and their
significance (P values ranging from 0.02 to 0.049) are
rather modest. More importantly, there is a significant
heterogeneity in patients (T allele frequency ranging
from 42.3% up to 65.3% in UC) and especially control
populations (T allele frequency ranging from 35.7% up to
63%).

The hypothesis that altered PGP expression in IBD
patients could modify the response to medical therapy

3639
C T CC CcT T
Glas, 2003
UC =123 111 (45) 135 (55) 19 (15) 73 (60) 31 (25)
CD =135 130 (48) 140 (52) 26 (19) 78 (58) 31 (23)
IBD = 258 241 (47) 275 (53) 45(17) 151 (59) 62 (24)
HC =265 272 (51) 258 (49) 70 (26) 132 (50) 63 (24)

Schwab, 2003 C T CcC CcT T

UC* =149 129 43) 169 (57) 26(17) 77(52) 46 (31)
HC =149 154 (52) 144 (48) 39(26) 76(51) 34 (23)
CD =126 134 (53) 118(47) 33(26) 68(54)  25(20)
HC =126 128 (51) 124 (49) 35(28) 58(46) 33 (26)
IBD =275 263 (48) 287(52) 59 (21) 145(33) 71 (26)
HC =275 282 (51) 268 (49) 74 (27) 134(49) 67 (24)
Ho, 2005 C T cC CT TT
UC =335 280 (42) 390 (58) 61 (18) 158 (47) 116 (35)
CD =268 252 (47) 284 (53) 56 (21) 140(52)  72(27)
IBD = 603 532 (44) 674 (56) 117 (19) 298 (50) 188 (31)
HC =370 354 (48) 386 (52) 82(22) 190(51) 98 (27)
Palmieri, 2005 C T cC CT TT
UC =468 488 (52) 448 (48) 124 (27) 240(51) 104 (22)
CD =478 503 (53) 453 (47) 125(26) 253 (53) 100 (21)
IBD = 946 991 (52) 901 (48) 249 (26) 493 (52) 204 (22)
HC =450 470 (52) 430 (48) 115(26) 240(53) 95 (21)
Potocnik, 2004 C T CcC CT TT
UC =144 134 (47) 154 (53) - - -
CD =163 161 (49) 165 (51) - - -
IBD =307 295 (48) 319 (52)

HC =355 376 (53) 334 (47) - - -
Urcelay, 2006

UC =311 317 (51) 305 (49) 87(28) 143 (46)  81(26)
CD" =303 369 (61) 237(39) 122(40) 125(41) 56 (19)
IBD = 614 686 (56) 542 (44) 209 (34) 268 (44) 137 (22)
HC =324 344 (53) 304 (47) 97(30) 150 (46) 77 (24)

UC = Ulcerative colitis, CD = Crohn's disease, HC = healthy controls. ‘P =
0.045 (T vs C); P = 0.049 (TT vs CC). ‘P = 0.02 (T vs C); P = 0.04 (TT vs CC).
"P = 0.006 (T vs C); P = 0.01 (TT vs CC). ' Subjects not in Hardy-Weinberg
equilibrium.

was put forward by Farrell ¢z al™”. Peripheral blood lym-
phocytes (PBL) from patients with active Crohn’s disease
(CD) and Ulcerative colitis (UC) in whom medical therapy
had failed and surgical intervention had been necessary
were shown to have higher expression of P-gp glycopro-
tein compared with those from patients who had inactive
disease and required surgery for obstruction or dysplasia.
Based on this observation the authors speculated that poor
response to glucocorticoids in IBD might relate in part
to constitutive MDR1 expression. We have recently chal-
lenged this hypothesis in a large cohort of IBD patients'™
using steroids, by evaluating both C3435T and G2677T/A
polymorphisms. Allele and genotype frequencies were
compared in 594 patients using systemic steroids, sub-
grouped in 320 responders, 76 non-responders and 198
steroid-dependent. No significant differences were found
within subgroups and between subgroups and 450 healthy
subjects. Moreover, 297 patients taking immunosuppres-
sive drugs (included azathioprine, 6-mercaptopurine,
methotrexate, and cyclosporine) were also evaluated. No
influence of MDR1 genotypes was found with respect
to response to therapy. Similarly, in a recent study by Mc
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Table 3 Distribution of G2677T/A alleles and genotypes (cases and controls) in the existing literature

A G T AA GG GT T GA TA
Brant, 2003
IBD_NJ*= 211 2(0.5) 254 (60.2) 166 (39.3) - 76 (36) 101 (48) 32 (15) 1(0.5) 1(0.5)
HC_NJ =392 20 (2.6) 411 (52.4) 353 (45) - 108 27) 183 (47) 81 (21) 12 (3) 8(2)
IBD_J =114 1(0.5) 143 (62.7) 84 (36.8) - 41 (36) 60 (53) 12 (10) 1(1) 0
HC_J =219 13 (3) 265 (60.5) 160 (36.5) - 85 (39) 89 (41) 32 (15) 6(2) 7 (3)
Ho, 2005 A G T AA GG GT TT GA TA
UC =335 - 366 (54.6) 304 (45.4) - 95 (28.3) 176 (52.5) 64 (19.1) - -
CD =268 - 283 (52.8) 253 (47.2) - 75 (27.9) 133 (47.8) 60 (22.4) - -
IBD = 603 - 649 (53.8) 557 (46.2) - 170 (28.2) 309 (51.2) 124 (20.6) - -
HC =370 - 378 (51.2) 362 (49.8) - 102 (27.6) 174 (47.0) 94 (25.4) - -
Palmieri, 2005 A G T AA GG GT TT GA TA
UC = 468 23 (2.5) 494 (52.8) 419 (44.7) 0.2) 127 (27.1) 229 (49.0) 90 (19.2) 11 (2.4) 10 (2.1)
CD =478 15 (1.6) 534 (55.9) 407 (42.5) (0.0) 143 (29.9) 237 (49.6) 83 (17.4) 11 (2.3) 4 (0.8)
IBD =946 38 (2) 1028 (54) 826 (44) 1(0.1) 270 (29.5) 466 (49.2) 173 (18.3) 22 (2.3) 14 (1.5)
HC =450 19 (2.1) 500 (55.6) 381 (42.3) 0 (0.0) 126 (28.0) 236 (52.4) 69 (15.3) 12 (2.7) 7 (1.6)
Potocnik, 2004 A&G T
UC =144 - 157 (54) 131 (46) - - - - - -
CD =163 - 187 (57) 139 (43) - - - - - -
IBD =307 - 44 (56) 270 (44) - - - - - -
HC =355 - 424 (59.7) 286 (40.3) - - - - - -
Urcelay, 2006
UC=311 4(0.7) 372 (62.8) 216 (36.5) 0 (0) 118 (39.9) 133 (44.9) 41 (13.9) 3(1) 1(0.3)
CD =303 6 (0.9) 403 (63.2) 229 (35.9) 0 (0) 139 (43.6) 122 (38.3) 52 (16.3) 3(0.9) 3(0.9)
IBD = 615 10 (0.8) 775 (63) 445 (36.2) 0(0) 257 (41.8) 255 (41.5) 93 (16.1) 6 (0.9) 4(0.7)
HC = 352 8 (1.1) 426 (60.5) 270 (38.4) 0 (0) 140 (39.8) 142 (40.3) 62 (17.6) 4(1.1) 4(1.1)

“P =0.03 (G vs T); P = 0.08 (GG vs GT TT).

Table 4 Summary of ORs and 95% ClIs for different outcomes obtained at the meta-analysis

Fixed effects Random effects Heterogeneity test
P value OR (95% CI) P value OR (95% CI)
Outcome CD 0.09
C3435T T vs C (6 studies) 0.519 0.968 (0.878-1.068) 0.722 0.974 (0.842-1.126)
TT vs CC (5 studies) 0.297 0.892 (0.720-1.106) 0.472 0.900 (0.675-1.200) NS
G2677T/ A Gus T (4 studies) 0.635 1.027 (0.920-1.145) 0.635 1.027 (0.920-1.145) NS
GGus GTTT (3 studies) 0.338 1.092 (0.912-1.308) 0.338 1.092 (0.912-1.308) NS
Outcome UC
C3435T T vs C (6 studies) 0.002 1.170 (1.062-1.289) 0.003 1.178 (1.058-1.311) NS
TT vs CC (5 studies) 0.008 1.332 (1.080-1.644) 0.017 1.367 (1.057-1.768) NS
G2677T/ A G us T (4 studies) 0.843 0.989 (0.887-1.103) 0.862 0.986 (0.836-1.162) NS
GGous GTTT (3 studies) 0.947 0.994 (0.830-1.190) 0.947 0.994 (0.830-1.190) NS
Outcome IBD
C3435T T vs C (6 studies) 0.083 1.074 (0.991-1.165) 0.135 1.083 (0.976-1.201) NS
TT vs CC (5 studies) 0.225 1.116 (0.935-1.332) 0.274 1.135 (0.904-1.426) NS
G2677T/ A Gos T (5 studies) 0.351 1.041 (0.957-1.132) 0.448 1.047 (0.930-1.178) NS
GG vs GT TT (4 studies) 0.366 1.065 (0.929-1.221) 0.366 1.065 (0.929-1.221) NS

Govern ¢/ al in which the need for colectomy in UC pa-
tients was used as a surrogate marker for glucocorticoids
resistance, no association was found with C3435T poly-
morphism!”,

Although the Farrell’s hypothesis is attractive, data
from our study strongly question the influence of MDRI1
gene on response to steroid therapy in IBD patients. There
are, indeed, also some caveats to the Farrell’s study; firstly,
circulating lymphocytes consist of different subsets of
lymphocytes which express MDR1 at varying levels, since
it is now established that lymphocytes homing to the gut
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associated lymphoid tissue are phenotypically distinct from
circulatory ones. Accordingly, Yacyshyn e a/™” have dem-
onstrated different level of MDR1 expression and activity
in intraepithelial, lamina propria, and PBL. Overall, in-
traepithelial MDR1 expression and function were lower in
UC compated with CD and healthy controls. Accordingly,
Langman ez a/ found a down-regulation of MDRI tissue
expression in UC patients””. Moreover, the effect of cor-
ticosteroids or other treatment used in IBD on MDR1 ex-
pression it is not fully established. It remains therefore to
be evaluated whether different expression of P-gp reflects
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Figure 1 Schematic representation of studies included in the meta-analysis of
C3435T SNP.

a secondary phenomenon to therapy or a primary one,
influencing the response to treatment. Finally, increased
expression does not necessarily imply increased function
in diseased states. Based on the available evidence, the
contribution of MDRI1 gene on IBD predisposition and
response to medical therapy, although biologically plausible
is still unproven.

META-ANALYSIS

In the attempt to evaluate the potential association of
C3435T and G2677T/A polymorphisms with IBD, a meta-
analysis has been performed. Because case-control studies
were included, the odds ratios (ORs) were employed. For
each outcome, the between-study heterogeneity across all
the eligible comparisons has been performed by using the
chi-square based Q statistic; heterogeneity was considered
significant for p lower than 0.10. Data were combined by
using both fixed and random effects models; random ef-
fects are more appropriate when heterogeneity is present.
Analysis was conducted by Comprehensive Meta Analysis
v.1.0.23, 1999 Biostat software (www.meta-analysis.com).

In Tables 2 and 3 are depicted the characteristics
of the studies included in the meta-analysis, with the
allele and genotype frequencies. The study by Gazouli
et al®” has been excluded due to failure of Hardy-
Weinberg equilibrium. The study of Croucher ez a/’” was
also excluded due to lack of data concerning allele and
genotype frequencies, also upon specific request to the
authors. For the study of Brant e o/ data are expressed
as whole IBD, since no complete information for UC and
CD subgroups were available.

When comparing allele (T »s C) and genotype frequen-
cies (T'T »s CC) of the C3435T SNP in CD and UC pa-
tients, a slight but significant difference in the pooled data
was found in UC patients (Table 4). Mote specifically a
significant association with T allele (OR 1.17, CI 1.06-1.31,
P =0.003) and TT genotype (OR=1.36, CI 1.05-1.76, P =
0.017) was demonstrated. In contrast no association in CD
patients was found and in IBD patients as whole. Similarly
no significant difference was found after pooling data of

Figure 2 Schematic representation of studies included in the meta-analysis of
G2677T/A SNP.

the available studies for allele and genotype frequencies of

the G2677T/A SNP (Figures 1 and 2).
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