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Abstract

Introduction: It has been suggested that polymorphism in
the ABCBI/MDRI gene, which encodes P-glycoprotein (P-gp),
may be involved in the development of inflammatory bowel
diseases (IBD). One of the ABCBI/MDRI gene polymorphisms
that potentially influence the P-gp protection against xenobi-
otics is the C1236T mutation.

Aim: To evaluate whether the C1236T polymorphism is relat-
ed to higher predisposition towards development of IBD,
including ulcerative colitis (UC) and Crohn’s disease (CD), in
a Polish population.

Material and methods: This retrospective study involved
a total of 155 individuals of Caucasian origin (85 patients with
IBD and 70 healthy volunteers) from central Poland.
The C1236T polymorphism was analyzed by using the poly-
merase chain reaction — restriction fragment length polymor-
phism (PCR-RFLP) method.

Results: Our results showed that odds ratios (ORs) for disease
development (IBD, UC) were elevated in the 1236CT genotype
carriers and equaled 1.26 for IBD and 1.58 for UC. In individu-
als with the variant 1236T allele respective ORs equaled 1.08
for IBD, 1.11 for UC, and 1.05 for CD. The observed differences
in both genotype and allele frequencies were not significant.
Conclusions: In this study the C1236T polymorphism in
the ABCBI/MDR1 gene has been shown not to be a relevant
factor that may predispose towards inflammatory bowel dis-
eases in a Polish population. A lack of relationship between
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Streszczenie

Wstep: Ostatnio w kregu zainteresowan badaczy znalazt sie
polimorfizm gendéw kodujacych biatka zaangazowane w de-
toksykacje organizmu jako potencjalny czynnik wptywajacy
na rozwoj nieswoistych chordb zapalnych jelit (NChzJ). Gen
ABCB1/MDR1 odpowiada za synteze glikoproteiny P, jednego
z najwazniejszych i najlepiej poznanych transporteréw kseno-
biotykéw. Zaobserwowano, ze z mutacja C1236T wigzg sie
miedzyosobnicze réznice w odpowiedzi na leki, co wskazywa-
toby na zmiane w aktywnosci transportowej glikoproteiny P
u nosicieli zmutowanego allela T.

Cel: Okreslenie, czy wystepowanie polimorfizmu C1236T jest
zwigzane z wiekszg predyspozycja do zachorowania na
NChZJ, w tym wrzodziejace zapalenie jelita grubego (WZJG)
oraz chorobe Le$niowskiego-Crohna (ChLC), w polskiej popu-
lacji.

Materiat i metody: Badaniem objeto 155 oséb (85 chorych na
NChZJ oraz 70 zdrowych ochotnikéw) pochodzacych z todzi
i okolic, u ktérych polimorfizm genu ABCBI/MDRI w pozycji
1236 oznaczono metodg PCR-RFLP

Wyniki: Wzgledne ryzyko zachorowania wyrazone za pomoca
ilorazu szans byto zwiekszone dla nosicieli genotypu 1236CT
i wynosito odpowiednio 1,26 dla oséb z NChZ) oraz 1,58 dla
0s6b z WZJG. Ryzyko zachorowania na NChZzJ, w tym WZJG
i ChLC, dla nosicieli zmutowanego allela 1236T wynosito odpo-
wiednio 1,08, 1,11, 1,05. Obserwowane rdznice dotyczace cze-
stosci wystepowania poszczegblnych genotypéw i alleli mie-
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the diseases and polymorphism of the gene for P-glycopro-
tein confirms the complexity of IBD pathogenesis.

Introduction

Inflammatory bowel disease (IBD) is a term for
a group of chronic conditions of the gastrointestinal
tract, including ulcerative colitis (UC), Crohn’s disease
(CD), and indeterminate colitis. In spite of many years’
research the IBD pathogenesis still needs elucidation.
Several factors — genetic, environmental, immunological
and psychological — have been implicated in initiation
and development of IBD [1-6]. Recently, scientific efforts
have concentrated on polymorphisms of the protein-
encoding genes that contribute not only to the immune
response (NOD2/CARD15, Hp) but also to detoxification
reactions (PONI, PON2, NAT2, CYP2D6) [1, 7-10]. Thus,
mutations in the ABCBI/MDR1 (ATP-binding cassette
subfamily B member 1/multidrug resistance 1) gene
have also been assessed as a potential factor that may
affect the development of IBD. The ABCBI/MDRI1 gene
encodes P-glycoprotein (P-gp), which is by far one
of the most important and best-defined transporters
of drugs and other xenobiotics, especially toxins con-
tained in food products. Expression of the ABCB1/MDRI
gene takes place in cells of the intestines, kidneys, liver,
and the blood-brain barrier. The gene product regulates
the flow of compounds of different origin (including
endogenous) between the cells and their environment.
P-glycoprotein pumps these particles out of the cells,
thus offering protection from xenobiotics penetrating
the human body [11]. Therefore, it seemed crucial to
undertake a study to assess the polymorphism in
the ABCBI/MDRI gene that may influence the expres-
sion level and P-gp activity in patients with inflammato-
ry bowel diseases. Evaluation of the correlation between
ABCBI/MDRI gene mutation and IBD development
would enable researchers and physicians to expand
the knowledge in terms of IBD pathogenesis.

The sequence of the ABCBI/MDRI gene includes
over one hundred mutations indentified as single
nucleotide polymorphisms (SNPs) [12]. The polymor-
phisms that are located in exons 12, 21, and 26, i.e.
C1236T, G2677T/A, and C3435T, seem to have the most
important clinical relevance. It has been observed that
the mutation in exon 12 at position 1236 is associated
with inter-individual differences in response to drugs,
which would indicate a change in P-gp transport activi-
ty in carriers of the variant T allele. Like the C3435T poly-

dzy grupa oséb chorych i grupa kontrolng nie byty staty-
stycznie istotne.

Whioski: W badaniu wykazano, ze mutacja C1236T nie jest
istotnym czynnikiem predysponujacym do zachorowania na
NChZzJ, w tym WZJG i ChLC. Brak zwigzku miedzy chorobami
i polimorfizmem genu kodujacego glikoproteiny P potwierdza
ztozong etiopatogeneze NChZ).

morphism (the most extensively studied ABCB1/MDRI
gene polymorphism), the mutation at position 1236
depends on exchange of cytosine to thymine and is
a silent type mutation (the polypeptide sequence
remains unaffected) [13]. The influence of the C1236T
polymorphism on ABCBI/MDRI gene expression and
P-gp activity still remains under investigation [11].

The discovery and analysis of polymorphisms in
genes that encode transporters of drugs and other
xenobiotics result in our better understanding of not
only the causes of inter-individual differences in res-
ponse to drugs but also the pathogenesis of certain dis-
eases. In the past decade some studies were conducted,
in which the frequency of 1236C and 1236T alleles was
assessed in different healthy populations, in recipients
of liver transplantation, patients with acute myeloid leu-
kemia, and in patients with colorectal cancer [11, 14, 15].

Aim

The aim of our investigation was to evaluate whether
there was an association between the C1236T polymor-
phism in the ABCB1/MDRI gene and development of IBD
(including UC and CD) in a Polish population.

Material and methods

The study involved a total of 155 individuals (85 pa-
tients with inflammatory bowel diseases and 70 healthy
volunteers) from the Lodz region in central Poland,
in whom the ABCBI/MDRI genotype at position 1236
was analyzed. In the patient group there were 43 males
(50.6%) and 42 females (49.4%) aged 18-83 years (aver-
age + SD: 41.96 +14.85 years). The patients were treated
between the years 2006 and 2010 in the Department
of General and Colorectal Surgery of the Medical Uni-
versity of Lodz. In the patient group there were 45 indi-
viduals diagnosed as having UC and the other 40 indi-
viduals as having CD. In the UC group there were 28 males
(62.2%) and 17 females (37.8%) aged 20-83 years (aver-
age + SD: 45.13 +15.45 years) while in the CD group
there were 15 males (37.5%) and 25 females (62.5%)
aged 18-75 years (average + SD: 38.40 +13.47 years).
The control group consisted of 70 healthy volunteers
and there were 52 males (74.3%) and 18 females (25.7%)
aged 19-75 years (average * SD: 36.04 +13.59 years).
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Table I. Comparison of the genotype distribu-
tion in studied groups with the Hardy-Weinberg
equilibrium

Tabela | Poréwnanie czestosci wystepowania
poszczegdlnych genotypéw ABCBI/MDRI w gru-
pach badanych z czestosciq oczekiwang, obliczong
na podstawie réwnania Hardy’ego { Weinberga

ABCB1/MDRI1 genotype x?2 Value of p
1236CC  1236CT 1236TT
IBD patients (n = 85)
Nops 35.0 35.0 15.0 1397 0237
Rexp. 324 401 124
UC patients (n = 45)
Nops 17.0 210 7.0 0015 0.903
Rexp. 16.8 214 6.8
CD patients (n = 40)
Nops 18.0 14.0 8.0 2567 0.109
Nexp. 156 18.8 5.6
Control group (n = 70)
Nops 320 25.0 13.0 3.668 0.056
Nexp. 283 324 93

IBD — inflammatory bowel diseases, UC — ulcerative colitis,
CD - Crohn’s disease, n,,; — observed number of individuals,
oy, — expected number of individuals, p — significance level

The study design was approved by the local ethics com-
mittee on human research, and informed consent was
obtained from all the patients.

The identification of C1236T polymorphism in the
ABCB1/MDRI gene was carried out by using the poly-
merase chain reaction — restriction fragment length
polymorphism (PCR-RFLP) method according to the pro-
cedure proposed by Cascorbi et al. [16]. The application
of the Haelll restriction endonuclease (EURx Ltd.,
Poland) allowed the detection of the wild-type 1236C
allele and the variant 1236T allele in analyzed individu-
als. Subsequently, patients with IBD (including UC and
CD) and healthy volunteers were classified as carriers
of the genotype 1236CC (wild-type homozygotes),
1236CT (heterozygotes), and 1236TT (variant homozy-
gotes).

Statistical analysis

Frequency of both alleles and genotypes in patients
with IBD (including UC and CD) was compared with that
observed in the group of healthy volunteers. The ob-
served frequency of every genotype was also compared
with the expected frequency that was calculated based
on the Hardy-Weinberg equation. Statistical significance
of differences in number of both alleles and genotypes
was evaluated by using the y2 test. The values of p < 0.05
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were considered as statistically significant. All calcula-
tions were performed by means of Statistica 9.1. (data
analysis software system, StatSoft Inc.).

Results

Results of the evaluation of genotype distribution
accordance with the Hardy-Weinberg equilibrium are
presented in Table I. The observed number of 1236CC,
1236CT and 1236TT genotypes both in patients with IBD
(including UC and CD) and in the control group did not
differ significantly from the expected values.

In Table Il, frequencies of particular ABCBI/MDRI
genotypes for the C1236T polymorphism in studied
groups are presented. The observed differences in the
frequency of 1236CC, 1236CT and 1236TT genotypes
between the IBD patients (including UC and CD) and
the controls were not statistically significant.

The relative risk for development of IBD (including
UQ), expressed as the odds ratio (OR), was higher for
the 1236CT genotype carriers and equaled 1.26 for IBD
and 1.58 for UC. The risk was not statistically significant
though (p = 0.487, p = 0.242, Table II).

Table Il shows the frequencies of particular
ABCB1/MDRI alleles for the C1236T polymorphism in
the studied groups. The observed differences in the fre-
quency of 1236C and 1236T alleles between the group
of IBD patients (including UC and CD) and the control
group were not statistically significant.

The relative risk, expressed as the odds ratio (OR),
for development of IBD (including UC and CD) in
the variant 1236T allele carriers equaled 1.08 for IBD, 1.11
for UC, and 1.05 for CD. The risk was not statistically sig-
nificant though (p = 0.744, p = 0.707, p = 0.874, Table IlI).

Discussion

A special role in IBD pathogenesis is assigned to
the intestinal barrier, where epithelial cells constitute
a relevant element limiting access of xenobiotics to
deeper layers of the intestine wall. In the course of IBD
intestinal barrier dysfunction is observed [17]. The intes-
tinal epithelium shows the expression of transporters
mediating xenobiotic efflux into the intestinal lumen.
One of these transporters is P-glycoprotein, which
belongs to the protein superfamily denoted as ABC
(ATP-binding cassette) [18]. According to Englund et al,
individuals with active UC have been shown to exhibit
lower P-gp levels in the colon [19]. Yacyshyn et al.
observed not only a decreased mRNA level for
the ABCBI/MDRI1 gene, but also lower P-gp activity in
the lymphocyte population deriving from the intestinal
mucosa of patients with active UC [20]. The polymor-
phism of the ABCB1/MDRI gene at position 1236 is one
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Table Il. Frequency of particular ABCB1/MDRI genotypes for the C1236T polymorphism in studied groups

(IBD, UC, CD patients and healthy volunteers)

Tabela Il. Czestos¢ wystepowania poszczegélnych genotypéw ABCB1/MDRI dla polimorfizmu C1236T w gru-
pach badanych (osoby z NChZJ, WZJG, ChLC oraz zdrowi ochotnicy)

ABCBl/ Control group IBD patients UC patients CD patients

MDRI1 (n = 70) (n = 85) (n = 45) (n = 40)

ERR D n%) n®%)  OR(95%C) p n@%) OR(O5%C) p n%) OR©%C) p
1236CC 32 (45.7) 35 (41.2) 0.83(0.44-1.57) 0.570 17 (37 8) 0.72 (0.34-1.55) 0.401 18 (45.0) 0.97 (0.45-2.12) 0.942
1236CT 25(35.7) 35(41.2) 1.26 (0.66-2.42) 0.487 1(46.7) 1.58 (0.73-3.38) 0.242 14 (35.0) 0.97 (0.43-2.19) 0.940
1236TT 13 (18.6) 15 (17.6) 0.94 (0.41-2.14) 0.882 7 (15.5) 0.81(0.30-2.21) 0.677 8(20.0) 1.10(0.41-2.93) 0.855

IBD — inflammatory bowel diseases, UC — ulcerative colitis, CD — Crohn’s disease, n — number of individuals, OR — odds ratio, Cl - confidence inte-

rval, p — significance level

Table Ill. Frequency of particular ABCB1/MDR1I alleles for the C1236T polymorphism in studied groups (IBD,

UC, CD patients and healthy volunteers)

Tabela lll. Czestos¢ wystepowania poszczegélnych alleli genu ABCB1/MDRI dla polimorfizmu C1236T w gru-
pach badanych (osoby z NChZJ, WZJG, ChLC oraz zdrowi ochotnicy)

Allele Control group IBD patients UC patients CD patients
(n=70) (n=85) (n = 45) (n=40)
(140 alleles) (170 alleles) (90 alleles) (80 alleles)
n (%) n(%)  OR(95% Cl) p n(%)  OR(95% Cl) p n®%) OR(95%C) p
1236C 89 (63.6) 105 (61.8) 0.93 (0.58-1.47) 0.744 55 (61.1) 0.90 (0.52-1.56) 0.707 50 (62.5) 0.96 (0.54-1.69) 0.874
1236T 51 (36.4) 65 (38.2) 1.08(0.68-1.72) 0.744 35(38.9) 1.11(0.64-1.92) 0.707 30 (37.5) 1.05 (0.59-1.85) 0.874

IBD — inflammatory bowel diseases, UC — ulcerative colitis, CD — Crohn’s disease, n — number of individuals, OR — odds ratio, Cl — confidence inte-

rval, p — significance level

of the factors that potentially affect P-gp activity and
expression. So far, the published results concerning
a possible association between C1236T polymorphism
and IBD have been scarce. The objective of this study
was to evaluate whether the C1236T mutation is relat-
ed to higher predisposition towards development
of inflammatory bowel diseases, including UC and CD, in
a population from the Lodz region in central Poland.

Our study demonstrated that there were no signifi-
cant differences in frequency of both ABCBI/MDRI
genotypes and alleles for the C1236T polymorphism
between patients with IBD (including UC and CD) and
controls (Tables II, Ill). The genotype distribution in
the analyzed groups was consistent with the Hardy-
Weinberg equilibrium (Table I).

Among healthy volunteers from the Lodz region in
central Poland, who constituted the control group,
the frequency of 1236CC, 1236CT, 1236TT genotypes was
45.7%, 35.7%, 18.6%, respectively (Table Il). Frequencies
of 1236CC, 1236CT, 1236TT genotypes were investigated
in healthy individuals from various populations and
the respective frequencies were 34.4%, 49.2%, 16.4% in
a German population, 31.7%, 47.1%, 21.2% in a Czech
population, 34.0%, 50.0%, 16.0% in a French population,

20.0%, 51.0%, 29.0% in a Turkish population, and 29.1%,
56.3%, 14.6% in a Polish population [13, 16, 21-23]. It has
been observed that in our group of healthy volunteers
from the Lodz region the 1236CC genotype occurred
more frequently as compared to other populations,
which may result from the different number of studied
individuals.

In this study, the wild-type 1236C allele occurred
with a frequency of 63.6% among individuals from
the control group while the frequency of the variant
1236T allele was 36.4% (Table ). The obtained values
are higher but comparable to published data concerning
German and French populations (59.0% for the 1236C
allele, 41.0% for the 1236T allele [16, 22]), and a Czech
population (55.5% for the 1236C allele, 44.5% for
the 12367 allele [21]). Jamroziak et al. observed that
1236C allele carriers accounted for 57.3%, and 1236T
allele carriers for 42.7% in the Polish population [23].
Results of a study conducted in a Turkish population
indicated more frequent occurrence of the 1236T allele
(54.5%) than the 1236C allele (45.5%) [13].

Comparative analysis of frequencies of particular
ABCBI1/MDRI genotypes and alleles for the C1236T poly-
morphism between the group of patients with IBD,

Przeglad Gastroenterologiczny 2013; 8 (1)
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including UC and CD, and the control group has not
allowed us to state clearly that carriers of the variant
1236T allele (1236TT homozygotes and 1236CT heterozy-
gotes) from the Lodz region in central Poland have
a higher predisposition to develop the diseases.
The obtained results regarding the particular genotype
distribution indicate that individuals with the 1236CT
genotype may have a higher risk of developing IBD.
The estimated risk expressed as OR was 1.26 for IBD and
1.58 for UC, although it was not statistically significant
(Table I1). The 1236CT genotype occurred more frequent-
ly in patients with IBD (41.2%, p = 0.487), but especially
with UC (46.7%, p = 0.242), as compared to individuals
in the control group (35.7%, Table II).

The results concerning the distribution of particular
ABCB1/MDRI alleles for the C1236T polymorphism have
not allowed us to unequivocally link the presence
of the variant 1236T allele in the Polish population to
prevalence of the diseases. It has been observed that
the 1236T allele occurred more frequently in patients
with IBD (38.2%), including UC (38.9%) and CD (37.5%),
as compared to individuals in the control group (36.4%,
Table ). The estimated risk expressed as OR was 1.08
for IBD, 1.11 for UC, and 1.05 for CD, but was not statis-
tically significant (Table I11).

In the available literature, attempts have been
undertaken to evaluate the influence of the C1236T
polymorphism on expression level of the gene for P-gly-
coprotein. Illmer et al. noted the lowest ABCBI/MDRI
expression level in patients with acute myeloid leukemia
with two wild-type alleles, 1236CC, compared with
1236CT heterozygotes and 1236TT homozygotes [15].
However, Goto et al. did not observe any correlation
between the change in the expression of the gene for
P-gp and C1236T polymorphism in recipients of liver
transplantation [14, 24]. In a study by Hemauer et al. it
was indicated that in human placenta the 1236CT and
1236TT genotypes were related to decreased P-gp
expression in comparison with the wild-type 1236CC
genotype. However, the measured transport activity
of P-glycoprotein was significantly higher in the pres-
ence of 1236TT than 1236CC genotype [25].

So far, few attempts have been made to elucidate
whether the polymorphism in the gene for P-glycoprotein
at position 1236 is associated with the development
of inflammatory bowel diseases. Potocnik et al. analyzed
a Slovenian population and found that carriers of both
1236TT and 1236CT genotypes possess an increased risk
for UC development (OR = 1.734, p = 0.01) as compared to
1236CC homozygotes. The risk for development of refrac-
tory CD in individuals with the 1236TT and 1236CT geno-
types was especially high and equaled 3.182 (p = 0.03)
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[26]. In a study carried out in a Caucasian population from
Canterbury, New Zealand, it was indicated that 1236CT
heterozygotes have a lower risk for UC development than
the 1236CC carriers (OR = 0.63, p = 0.03). However, after
stratification of all IBD patients as regards age,
the authors noted that individuals under 17 years of age
with the variant 1236T allele were at an increased risk for
CD development (OR = 1.66, p = 0.05) [27]. Krupoves et al.
analyzed children with CD aged 12.1 +3.5 years from
a Canadian population and observed a relationship
between the C1236T polymorphism and stricture forma-
tion and penetrating disease (p = 0.02) [28].

Juyal et al. observed an association of the C1236T
mutation with UC occurrence in a North Indian popula-
tion. The 1236T allele occurred more frequently (62.6%)
in patients than in individuals from the control group
(56.9%). The 1236CC genotype carriers were shown
to exhibit a lower risk for UC development (OR = 0.61,
p = 0.05) as compared with the 1236TT genotype carri-
ers. Moreover, the 1236C allele played a protective role
against occurrence of the disease, especially in individu-
als under 29 years of age (OR = 0.65, p = 0.02) [29].

An analysis of ABCBI/MDRI polymorphisms was
performed in a numerous group of patients with IBD in
a Dutch population. The authors of the report found no
relationship between the presence of the mutation at
position 1236 and IBD together with its two main clini-
cal forms (UC and CD) [30]. Osuga et al. analyzed UC
patients in a Japanese population and concluded that
the C1236T polymorphism neither affected UC suscepti-
bility nor influenced the expression level of the gene for
P-gp [31].

Conclusions

This report presents the results of an investigation
on the association between the C1236T polymorphism
and susceptibility to inflammatory bowel diseases. It is
the first time that such a study has been performed in
a Polish population. Our results indicate that the C1236T
mutation is not a relevant factor that may predispose
towards inflammatory bowel diseases, including UC
and CD. A lack of relationship between the diseases and
polymorphism of the gene for P-gp confirms the com-
plex pathogenesis of inflammatory bowel diseases.

Acknowledgments

The study was financed from the European Social
Fund and the National Budget within Action 2.6: The In-
tegrated Operational Program for Regional Development
in connection with the Project “Scholarships Supporting
Innovative Research of Doctoral Students”, by grant



C1236T polymorphism in the ABCB1/MDRI gene in patients with inflammatory bowel diseases

43

No. 503/8-011-01/503-01, and by grant No. 502-03/8-011-
01/502-64-031 from the Medical University of Lodz,
Poland.

-

N

w

wi

o

~

2]

0

10.

1L

12.

13.

14.

15.

16.

References

Baranska M, Trzcinski R, Dziki A, et al. The role of N-acetyl-
transferase 2 polymorphism in the etiopathogenesis of inflam-
matory bowel disease. Dig Dis Sci 2011; 56: 2073-80.

. Chojnacki C, Walecka-Kapica E, Klupiniska G, et al. Evaluation

of the influence of fluoxetine on the psychosomatic status
of patients with ulcerative colitis. Probl Ter Monitor 2011; 22:
3-12.

. Cho JH. The genetics and immunopathogenesis of inflamma-

tory bowel disease. Nat Rev Immunol 2008; 8: 458-66.

. Dubois PC, van Heel DA. New susceptibility genes for ulcerati-

ve colitis. Nat Genet 2008; 40: 686-8.

. Molodecky NA, Kaplan GG. Environmental risk factors for

inflammatory bowel disease. Gastroenterol Hepatol 2010; 6:
339-46.

Maconi G, Ardizzone S, Cucino C, et al. Pre-illness changes in
dietary habits and diet as a risk factor for inflammatory bowel
disease: a case-control study. World J Gastroenterol 2010; 16:
4297-304.

. Ince AT, Hatirnaz O, Oviin¢ O, et al. 1007fs, G908R, R702W

mutations and P268S, IVS8+158 polymorphisms of the CARD15
gene in Turkish inflammatory bowel disease patients and the-
ir relationship with disease-related surgery. Dig Dis Sci 2008;
53:1683-92.

. Papp M, Lakatos PL, Hungarian IBD Study Group, Palatka K, et

al. Haptoglobin polymorphisms are associated with Crohn’s
disease, disease behavior, and extraintestinal manifestations
in Hungarian patients. Dig Dis Sci 2007; 52: 1279-84.

Karban A, Hartman C, Eliakim R, et al. Paraoxonase (PON)1
192R allele carriage is associated with reduced risk of inflam-
matory bowel disease. Dig Dis Sci 2007; 52: 2707-15.
Trzcinski R, Skretkowicz J, Dziki A, et al. Genetic polymorphisms
of CYP2D6 oxidation in patients with inflammatory bowel
disease. Dig Dis Sci 2010; 55: 1037-43.

Balcerczak E, Panczyk M, Piaskowski S, et al. ABCB1/MDRI
gene polymorphisms as a prognostic factor in colorectal can-
cer. Int J Colorectal Dis 2010; 25: 1167-76.

Kerb R. Implications of genetic polymorphisms in drug trans-
porters for pharmacotherapy. Cancer Lett 2006; 234: 4-33.
Giimiis-Akay G, Riistemoglu A, Karadag A, et al. Genotype and
allele frequencies of MDRI gene C1236T polymorphism in
a Turkish population. Genet Mol Res 2008; 7: 1193-9.

Goto M, Masuda S, Saito H, et al. C3435T polymorphism in
the MDR1 gene affects the enterocyte expression level
of CYP3A4 rather than Pgp in recipients of living-donor liver
transplantation. Pharmacogenetics 2002; 12: 451-7.

Illmer T, Schuler US, Thiede C, et al. MDR1 Gene polymorphi-
sms affect therapy outcome in acute myeloid leukemia
patients. Cancer Res 2002; 62: 4955-62.

Cascorbi |, Gerloff T, Johne A, et al. Frequency of single nucle-
otide polymorphisms in the P-glycoprotein drug transporter
MDR1 gene in white subjects. Clin Pharmacol Ther 2001; 69:
169-74.

17.

18.

19.

20.

2

—

22.

2

w

24.

25.

2

o

27.

2

oo

2

Ne)

30.

3

—_

McGuckin MA, Eri R, Simms LA, et al. Intestinal barrier dys-
function in inflammatory bowel diseases. Inflamm Bowel Dis
2009; 15: 100-13.

Kaczmarski M, Kurzawski M, Drozdzik M. Drug transporters.
Probl Ter Monitor 2008; 19: 49-58.

Englund G, Jacobson A, Rorsman F, et al. Efflux transporters in
ulcerative colitis: decreased expression of BCRP (ABCG2) and
Pgp (ABCB1). Inflamm Bowel Dis 2007; 13: 291-7.

Yacyshyn B, Maksymowych W, Bowen-Yacyshyn MB. Differen-
ces in P-glycoprotein-170 expression and activity between
Crohn’s disease and ulcerative colitis. Hum Immunol 1999; 60:
677-87.

. Pechandova K, Buzkova H, Slanaf O, et al. Polymorphisms

of the MDR1 gene in the Czech Population. Folia Biol (Praha)
2006; 52: 184-9.

Jeannesson E, Siest G, Bastien B, et al. Association of ABCB1
gene polymorphisms with plasma lipid and apolipoprotein
concentrations in the STANISLAS cohort. Clin Chim Acta 2009;
403: 198-202.

. Jamroziak K, Balcerczak E, Calka K, et al. Polymorphisms and

haplotypes in the multidrug resistance 1 gene (WDR1/ABCB1)
and risk of multiple myeloma. Leuk Res 2009; 33: 332-5.

leiri I, Takane H, Otsubo K. The MDR1 (ABCB1) gene polymor-
phism and its clinical implications. Clin Pharmacokinet 2004;
43: 553-76.

Hemauer SJ, Nanovskaya TN, Abdel-Rahman SZ, et al. Modula-
tion of human placental P-glycoprotein expression and activi-
ty by MDR1 gene polymorphisms. Biochem Pharmacol 2010;
79: 921-5.

. Potocnik U, Ferkolj I, Glavac D, et al. Polymorphisms in multi-

drug resistance 1 (MDR1) gene are associated with refractory
Crohn disease and ulcerative colitis. Genes Immun 2004; 5:
530-9.

Huebner C, Browning BL, Petermann |, et al. Genetic analysis
of MDR1 and inflammatory bowel disease reveals protective
effect of heterozygous variants for ulcerative colitis. Inflamm
Bowel Dis 2009; 15: 1784-93.

. Krupoves A, Seidman EG, Mack D, et al. Associations between

ABCB1/MDR1 gene polymorphisms and Crohn's disease:
a gene-wide study in a pediatric population. Inflamm Bowel
Dis 2009; 15: 900-8.

. Juyal G, Midha V, Amre D, et al. Associations between common

variants in the MDR1 (ABCB1) gene and ulcerative colitis
among North Indians. Pharmacogenet Genomics 2009; 19:
77-85.

Oostenbrug LE, Dijkstra G, Nolte IM, et al. Absence of associa-
tion between the multidrug resistance (MDR1) gene and inflam-
matory bowel disease. Scand J Gastroenterol 2006; 41:
1174-82.

. Osuga T, Sakaeda T, Nakamura T, et al. MDR1 C3435T polymor-

phism is predictive of later onset of ulcerative colitis in Japa-
nese. Biol Pharm Bull 2006; 29: 324-9.

Przeglad Gastroenterologiczny 2013; 8 (1)



