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ABSTRACT

MDRI1 gene encodes for P glycoprotein (P-gp), which plays an
important role in bioavailability and cell-toxicity limitation
of a wide range of drugs and xenobiotics. Three single
nucleotide polymorphisms (SNPs) in the coding region
(C3435T, C1236T and G2677T/A) are the most widely
studied SNPs in MDR1 and have been related to substrate
and inhibitor-dependent functional modifications in in vitro
studies and reduced expression in tissues. The three SNPs
exhibit the highest frequencies in Asian and Caucasians
populations and the lowest in African populations. In regard
to the clinical implications of MDR1 SNPs, it was found in
large meta-analysis that C3435T SNP was associated with
a slight increase in the susceptibility to ulcerative colitis
and cancer and was related with slight modifications in
tacrolimus pharmacokinetics and platinum-based
chemotherapy response in lung cancer. On the other hand,
C3435T SNP has shown controversial results in many other
cases of disease susceptibility and drug pharmacokinetics
where no meta-analyses have been performed. There is less
information about C1236T and G2677T/A SNPs, which,
although investigated in some diseases and drug
pharmacokinetics, have a very limited number of published
meta-analyses. Further studies should include analysis of
the haplotype 1236T-2677T/A-3435T as well as other SNPs in
MDRI1, other transporters and drug metabolizers that may be
related with the outcome variable.

Key words. MDR1 (ABCB1) polymorphism. C3435T. C1236T.
G2677T/A. Disease susceptibility. Pharmacokinetics.

Polimorfismos del gen MDR1 (ABCB1):
efectos funcionales e implicaciones clinicas

RESUMEN

El gen MDR1 codifica para la glicoproteina P (P-gp), la cual
juega un papel importante en la biodisponibilidad y limitacién
de la toxicidad en la célula de un amplio rango de farmacos y
xenobidticos. Los tres polimorfismos de nucleétido simple
(SNP) en la regién codificadora (C3435T, C1236T y G2677T/
A) son los polimorfismos mas ampliamente estudiados en el
gen MDR1 y se han asociado con modificaciones funcionales
dependientes de substrato o de inhibidor, en estudios in vitro
y expresion reducida en tejidos. Los tres SNPs tienen las mas
altas frecuencias en asidticos y caucdasicos y las méas bajas en
africanos. Con respecto a las implicaciones clinicas de estos
polimorfismos, se encontr6 en grandes meta-analisis que el
polimorfismo C3435T se asocié con un leve incremento en la
susceptibilidad a colitis ulcerativa y céncer, asi como con lige-
ras modificaciones en la farmacocinética del tacrolimus y en
la respuesta a la quimioterapia basada en platino en céncer de
pulmén. Por otro lado, el polimorfismo C3435T ha mostrado
resultados controversiales en la susceptibilidad a muchas
otras enfermedades y la farmacocinética de drogas, donde no
se han realizado meta-analisis. Existe menos informacién so-
bre los SNPs C1236T y G2677T/A, los cuales, aunque investi-
gados en algunas enfermedades y farmacocinéticas, han sido
incluidos en un nimero muy limitado de meta-analisis. Futu-
ros estudios deberdn incluir el anélisis del haplotipo 1236T-
2677T/A-3435T, asi como de otros SNPs en el gen MDR1, en
otros transportadores y metabolizadores de fairmacos que pu-
dieran estar relacionados con la variable respuesta.

Palabras clave. Polimorfismos del gen MDRI (ABCBI).
C3435T. C1236T. G2677T/A. Susceptibilidad a enfermedades.
Farmacocinética.
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INTRODUCTION

Genetic polymorphisms of drug-metabolizing en-
zymes such as cytochrome P450 superfamily (CYP)
and drug transport proteins are responsible for in-
ter-individual differences of pharmacokinetics. It
has been estimated that ~500-1,200 genes encode
for transport proteins. The main members include
multidrug resistance proteins (MDRs), multidrug
resistance-related proteins (MRPs), organic anion
transporters (OATs), organic anion transporter
polypeptides (OATPs), organic cation transporters
(OCTs) and peptide transporters (PepTs). From all
previous transporters, P-glycoprotein (P-gp) or mul-
tidrug resistance transporter (MDR1) has one of the
best studied genotype-phenotype correlations.! The
objective of this review is to discuss the main as-
pects of MDR1 single nucelotide polymorphism
(SNP) from its functional effect until its clinical im-
plications in pharmacokinetics and disease suscepti-
bility, with special emphasis on the meta-analyses
performed to date.

P-GLYCOPROTEIN

P-gp belongs to a large group of transport pro-
teins known as the ATP binding cassette (ABC) su-
perfamily, which shares common structural and
functional properties. To date, 48 human ABC genes
have been identified and classified into seven subfa-
milies (ABCA to ABCG) where P-gp is defined as
ABCB1.2 P-gp is a 170-kD transmembrane protein
composed of 1,280 amino acids forming two halves,
each comprised of six hydrophobic transmembrane
o-helices and an ATP binding domain. P-gp works
as an energy-dependent efflux pump that plays an
important role in the bioavailability and cell-toxicity
limitation of a wide range of substances, drugs and
xenobiotics including ions, sugars, glycans, phos-
pholipids, proteins, anticancer drugs, antibiotics,
corticosteroids, immunosuppressors, anti-HIV
protease inhibitors, calcium-channel blocker agents,
among others.3* It is also expressed in many tissues
including intestine, blood-brain barrier, liver, kidney,
leucocytes, pancreas, adrenal cortex and placenta,
where it exerts its protective effects.>®

MDRI1 GENE TRANSCRIPTION
AND POLYMORPHISMS

P-gp is encoded by the MDR1/ABCBI gene loca-
ted on 7q21 with a length ~100 kb including 28
exons.? The MDR1 promoter contains a GC box for

specificity protein 1 (Spl), an inverted CCAAT box
for Y-box binding protein 1 (YB-1) and nuclear
factor Y (NF-Y). The main transcription factors in-
volved in MDR1 expression are the early growth res-
ponse factor-1 (EGR1), the nuclear factor for
interleukin-6 expression (NF-IL6), the nuclear fac-
tor-erythroid 2-related factor (NF-R2) and the or-
phan nuclear receptor, steroid and xenobiotic
receptor SXR/PXR.2 Diverse endogenous and exoge-
nous MDR]1 expression inducers have been identi-
fied. Endogenous expression inducers include
reactive oxygen species, insulin, epidermal growth
factor (EGF), tumor necrosis factor a (TNF-a), heat
shock, cytokines and growth factors, whereas exoge-
nous expression inducers include digoxin, irradia-
tion, endotoxin, cisplatin, rifampicin and
doxorubicin, whereas verapamil decreases P-gp
expression.2 So far, 66 MDR1 SNPs including 24
synonymous have been identified in the coding
sequence. From these, the most widely investigated
for their clinical implications are the synonymous
SNPs: C3435T and C1236T and the non-synony-
mous SNP G2677A/T.57

MDRI1 SNPs and
their functional implications

C3435T SNP

C3435T SNP (rs1045642), the most widely inves-
tigated SNP of the MDRI1 gene, is located in exon 26
and represents a synonymous SNP with no effect in
amino acid change at position 1145 (Ile) in the se-
cond ATP binding domain.? The polymorphic allele
3435T has been associated with decreased P-gp ex-
pression in tissues studies including placenta, liver
and leukocytes®10 although other studies have not
found any effect on gene expression in liver, heart
and intestine.!"13 Most in vitro studies have failed to
confirm an association with protein expression,41%
although Wang, et al., suggested a decrease in
mRNA stability with the 3435T allele.l® With res-
pect to functional effects, it was detected a diminis-
hed function in vitro'® and a difference in substrate
specificity and protein conformation when combined
with either C1236T and/or G2677T/A SNPs. 1415
This effect in synonymous SNP was explained by al-
terations in folding processes by ribosome stalling
in rare codon usage, which leads to a different ter-
tiary conformation that changes protein function
with a decrease in inhibitor effect (cyclosporine A
and verapamil).41% On the other hand, the discor-
dance observed in the expression effect of C3435T
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SNP when studied in tissues or in vitro has been
explained by the transcription-inducer effect of some
MDR1 substrates. These substrates would be
decreased when Pg-p activity is increased as reported
in certain conditions for the 3435T allele and would
produce a subsequent reduction in mRNA.8 This
reduction in mRNA could also be observed with
some endogenous transcription inducers such as
cytokines or growth factors, which have shown an
altered secretion in lymphocytes with the 3435TT
genotype.!” The previous effect could only be observed
in in vivo (tissues) studies where these factors are
present, so a lack of alteration in gene expression in
in vitro studies would be expected as shown in most
of them.10-1415 Nevertheless, this hypothesis still
needs to be proven. Another confusion variable
probably responsible for the discrepancy between in
vitro and in tissue studies in protein expression is
the presence of other MDR1 SNPs and haplotypes
in the latter.

G2677T/A SNP

The non-synonymous G2677T/A SNP (rs2032582)
is located in exon 21, which encodes a region before
the TM9 and TM104 and represents an amino acid
change of alanine by serine or threonine (Ala893Ser/
Thr) as three different nucleotides can be found
at this position (G, T or A). This SNP has shown
controversial results in functional effects. Kim, et al.18
identified an increased efflux function of P-gp in the
presence of 2677T allele. Conversely, Salama, et al.,'6
found a diminished function for the 2677T allele,
whereas other authors such as Wang, et al.,1°
Morita, et al.,’ and Kimchi-Safarty, et al.,2? did
not find any effect. In some studies with inhibitors,
the use of cyclosporine A showed an increased inhi-
bition in the transport of calcein for 2677T allele
but, together with the 2677A allele, showed a de-
creased inhibition in the transport of paclitaxel, sug-
gesting a substrate-dependent effect.?! Furthermore,
biochemical analysis showed that the presence of the
2677T or 2677A allele may alter drug transport by
affecting induced ATPase activity.?? This effect,
when combined with other functional SNPs, mainly
C3435T, presents a greater impact as shown in the
change of the tridimensional structure leading to a
diminished effect of some inhibitors (cyclosporine A
and verapamil).1*15 With regard to G2677T/A SNP
and gene transcription, Hemauer, et al.,® identified
that the 2677T/A variant was associated with a sig-
nificant reduction (16%) in placental P-gp protein
expression compared with the wild type. Conversely,

Meissner, et al.,!? found an association between
2677TT/AT genotypes and an elevated MDR1 expre-
ssion in heart tissues; however, additional in tissue
and in vitro studies have not demonstrated any evi-
dent effect.1%15 The controversial results in tissue re-
ports and gene expression may be due to the effect of
other confounder SNPs; nevertheless, as reported in
the in vitro studies, SNP G2677T/A may not have
any effect on gene expression. With respect to
the functional implications, SNP G2677T/A appears
to have some effect, but further experiments are
needed.

C1236T SNP

The synonymous C1236T SNP (rs1128503) is lo-
cated on exon 12 that encodes for the TM6 region,
which is essential for substrate binding.® This SNP
does not exhibit an amino acid change at position
412 (Gly). Few studies in regard to the 1236T allele
and P-gp expression have been performed. Contro-
versial results are reported when comparing in tis-
sue and in vitro studies with a decreased expression
and increased function in human placenta with the
1236T allele® and an apparent lack of effect in cell
studies in regard to protein expression.!%:1415 With
respect to functional implications, this SNP has
been shown to affect protein folding due to the use
of a rare codon when combined with the SNP
C3435T415 with a diminished effect of some inhibi-
tors and other probable functional effects, such as
the diminished function observed by Salama, et al.
in an in vitro study.1® Differences observed in the si-
lent SNPs C1236T and C3435T may be explained by
the importance of the region where they are located
because they produce an alteration of the tridimen-
sional structure caused by the pause in co-transla-
tional folding. These differences are also related to
the scarcity of the codon used. In this line, despite
the fact that the codon produced by the change in
C1236T SNP is rarer than that produced in C3435T
SNP (reduction of 18 vs. 12%, respectively),4
the SNP C3435T may have a greater effect in protein
folding due to its position in the gene.

MDR1 SNP FREQUENCIES
IN DIFFERENT POPULATIONS

The distribution of the main MDRI SNPs
C3435T, G2677T/A, and C1236T shows a wide varia-
bility in different populations. The lowest frequen-
cies of polymorphic alleles are found in African and
African-Americans (0.1-0.2 for each of the three
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polymorphic alleles) and the highest in Asians and
Caucasians (~0.5 for each of the three polymorphic
alleles). African and African-American populations
have shown the largest number of MDR1 SNPs de-
tected as compared with other populations.? Fre-
quencies of MDR1 SNPs in a Mexican-American
population?? have a greater similarity to Caucasians
and Asians than to African-Americans in concordan-
ce with the origin of this population. The haplotype
containing the three wild-type or reference variants
(CGC) is the most frequent in African or African-
American populations (43.6-79.3%) followed by
South Americans (25-65%) and Caucasians (32.5-
45%). Asians showed the lowest frequency of the
wild-type haplotype (16-25.9%) and the highest fre-
quency of the polymorphic haplotype (TTT) (32.2-
45.3%). As expected, this frequency was followed by
Caucasians (23.1-42.19%), South Americans (6-35%)
and Africans (4.5-8.7%).? It has been suggested that
the increased frequency of the 3435CC genotype in
African population confers a selective advantage
against gastrointestinal infections, this considering
that the 3435C allele has been associated with in-
creased P-gp expression and a better protection of
intestinal epithelium against pathogens.2*

MDR1 SNPs AND DISEASE SUSCEPTIBILITY
Inflammatory bowel disease

Inflammatory bowel diseases (IBD) are represen-
ted by Crohn’s disease (CD) and ulcerative colitis
(UC). Their physiopathology is related with autoim-
munity, impaired epithelial barrier and chronic in-
flammatory pathways. It has been shown that
mdrla’ knockout mice were susceptible to sponta-
neous UC-like inflammation under pathogen-free
conditions, presumably due to a defect in the intesti-
nal epithelial barrier because these mice have a nor-
mal immune response.! Furthermore, MDRI
expression is significantly diminished in patients
with active UC compared with inactive UC or a con-
trol group,?® as well as in other inflammatory bowel
diseases (CD, diverticulitis and collagenous coli-
tis).28 Susceptibility to IBD and C3545T SNP is con-
sistent with the notion that a lower P-gp expression
decreases the protection from the accumulation of
toxic materials within the intestine.2 With respect to
MDRI1 SNPs, a meta-analysis of nine association
studies of C3435T SNP showed a significant asso-
ciation of the 3435T allele with UC (OR:1.12, 95%
CI: 1.02-1.23) but not with CD.?” This association
was also found in another meta-analysis of six stu-

dies?® (OR: 1.17 95% CI: 1.06-1.31). Three indepen-
dent studies are common in both meta-analyses. In
contrast, no association was found for UC or CD
and the SNP G2677T/A in a meta-analysis of five as-
sociation studies?8 (Table 1). The association obser-
ved between the 3435T allele and UC is low but
comparable with other genetic SNPs associated with
the disease.??30 It is important to mention that the
role of non-genetic factors including smoking, pa-
thogenic and intestinal flora, hygiene factors and
diet seems to be greater than the role of genetic fac-
tors reported to date for IBD development.3!

Cancer

P-gp expression has been related with an altera-
tion in apoptosis and cancer. P-gp was found to pro-
tect cells against caspase-dependent apoptosis
induced by cytotoxic drugs, Fas-receptor ligation,
TNF and ultraviolet radiation. Its expression was
also upregulated by apoptotic stimuli. Furthermore,
mutations of p53, which is the most frequent gene-
tic alteration detected in human cancers, induce
MDRI promoter transactivation with an increased
expression in neoplastic cells leading to resistance in
chemotherapy and radiation.!? Nevertheless, the as-
sociation between cancer and the 3435T allele may
be explained by a diminished expression or function
of P-gp, with a subsequent increase of carcinogens
and toxins within the cell.2 To date, a large meta-
analysis of 39 independent studies conducted in rela-
tion with MDR1 SNPs and cancer risk,32 found an
association between the 3435T allele and overall
cancer risk (OR: 1.18, 95% CI: 1.04-1-34). When
compared according to the specific cancer subtype, it
was found an association of the 3435T allele with
breast cancer (OR: 1.42, 95% CI: 1.04-1.94), renal
cancer (OR: 1.77 95% CI: 1.28-2.46) and hematologi-
cal malignancies (OR: 1.27, 95% CI: 1.10-1.46).32
The risk related to 3435T allele in unspecific cancer
is relatively low but is comparable to most genetic
SNPs associated with cancer,?33* and is higher
when compared according to specific cancer types,
mainly with renal cancer. On the other hand, it is
also important to consider confounding variables
that could affect the real risk of each polymorphism.
These include the use of specific treatments, age,
diet and smoking status. In this regard, the meta-
analysis including 3,149 postmenopausal breast can-
cer patients and 5,489 controls did not show
association between C3435T and G2677T/A SNPs
and breast cancer associated with hormone replace-
ment therapy.3® These results could indicate a dimi-
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nished effect of MDR1 SNPs in hormone-associated
breast cancer. Corroborating the results of Sheng, e¢
al.,?2 in 12 studies, an increased risk for leukemia in
the 3435T allele was found in a meta-analysis of ten
studies,?® which shares nine studies with the study
of Sheng, et al.3? In this meta-analysis, subgroup
comparisons were performed, finding a higher risk
in chronic leukemia (OR: 1.94; 95% CI: 1.32-2.85)
than in acute leukemia (OR: 1.19; 95% CI: 1.01-
1.40).36 In the previous meta-analysis evaluating
hematological malignancies,??:36 the study of Leal-
Ugarte, et al., in a Mexican population was inclu-
ded3” where no association with acute lymphoblastic
leukemia was found although, when combined with
the rest of the studies, the 3435T allele achieved sig-
nificance. Finally, in the meta-analysis conducted by
He, et al., in colorectal cancer, no association was
found between C3435T SNP and this cancer.3® These
results were also according to the meta-analysis per-
formed by Sheng, et al.32 that shares 7/11 studies in-
cluded in the study of He, et al.3® (Table 1).

In general, it is considered that the 3435T allele
represents a risk factor for developing cancer; ne-
vertheless, this risk is low as shown for most gene-
tic SNPs related to the disease,3* but could achieve a
greater importance when combined with indepen-
dent genetic and environmental risk factors. It is
noteworthy that some environmental factors such
as smoking?? and diet*® show a similar or even hig-
her risk than most genetic factors in cancer develop-
ment. It is important to consider that despite the
wide range of genetic and environmental factors
currently associated with cancer, more genetic
variants and environmental exposures still need to
be investigated in order to determine personalized
risks for specific cancer types.

In addition to IBD and cancer, MDR1 SNPs have
been investigated in relation with the risk for
developing a wide range of diseases including
Parkinson disease,*! HIV-1 infection and progression,*?
hypertension? and rheumatoid arthritis** among
others; nevertheless, additional studies are required
in order to have a better approximation of their
effect.

MDR1 POLYMORPHIMS AND
PHARMACOKINETICS AND DRUG RESPONSE

MDR1 SNPs have been investigated in the
pharmacokinetics of a wide range of drugs. Large
meta-analyses in pharmacokinetics of digoxin,*® an-
ticonvulsants,*® cyclosporine A,*” and clopidrogel
adverse events*® have shown no association with

C3435T SNP (Table 1) despite the diminished effect
of some of these drugs (cyclosporine A and anticon-
vulsants) in the double (1236T-3435T) or triple ha-
plotype (1236T-2677A/T-3435T).'% Nevertheless, the
pharmacokinetics of tacrolimus showed increased
concentrations and diminished dose administration
of tacrolimus in 3435TT individuals when compared
with those with the genotype 3435CT and these last
individuals presented increased concentrations when
compared with individuals with the 3435CC genotype
at different times posttransplantation.*® Moreover,
in a meta-analysis of 419 individuals describing the
relation of MDR1 C3435T SNP and response to pla-
tinum-based chemotherapies in advanced non-small
cell lung cancer, Wei, et al.5° found an association of
the 3435C allele with higher chemotherapy response
(OR: 2.22; 95% CI: 1.46-3.37) but not for overall
survival (HR:1.11; 95% CI: 0.78-1.56), when strati-
fying by ethnic group, the association was signifi-
cant in Asians (OR: 2.63; 95% CI: 1.56-4.45) but not
in Caucasians (OR: 1.61; 95% CI: 0.79-3.28).50 It is
important to consider that five studies were inclu-
ded for chemotherapy response, whereas only two
studies were included in the survival analysis, which
diminishes the representativeness of overall survi-
val. These results were further confirmed in the
meta-analysis performed by Yin, et al.?! that shares
4/5 studies included with the study of Wei, et al.?? As
in this last study, they also found that 3435CC ca-
rriers showed significantly increased drug response
(OR: 1.82, 95% CI: 1.17-2.85), a difference that was
only observed in Asians (OR: 1.97, 95% CI: 1.11-3.5).
This study also found a higher response in indivi-
duals with the 2677GG genotype (OR: 2.6, 95% CI.:
1.44-4.74) in the three studies included (all in
Asians). On the other hand, Chen, et al. did not find
an association between the 3435T allele and respon-
se to chemotherapy and advanced breast cancer in a
meta-analysis of seven studies including 464 pa-
tients with advanced breast cancer.?2

Together these results suggest that MDR1 SNPs
may have a slight influence on some drug pharmaco-
kinetics and response in specific populations; never-
theless, it seems to be substrate-dependent because
different alleles have been associated with different
drugs. This, considering the results in the meta-
analysis of tacrolimus,*® where the 3435T allele
showed increased concentrations and diminished
dose administration and the results in the study of
platinum-based chemotherapy response in lung can-
cer,%951 where the 3435C allele showed increased res-
ponse. It is important to consider that drug
response was not evaluated in the meta-analysis of
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Table 1. MDR1 polymorphism meta-analysis in regard to disease risk, pharmacokinetics and chemotherapeutic response.

Author/Year Disease/ Cases (n) Main results Other
Drug findings
Onnie, 200627 IBD CD: 2,311 Significant association
UC: 1,743 was found between 3435T allele and
UC (OR: 1.12, 95% CI: 1.02-1.23)
but not with CD.
Annese, 200628 IBD UC (C3435T): 1,530 Significant association with 3435T No association for 2677T
CD (C3435T): 1,473 allele(OR 1.17, 95% Cl: 1.06-1.31) allele or G2677T genotypes.
UC (G2677T): 1,377 and 3435TT genotype
CD (G2677T): 1,621 (OR: 1.36, 95% Cl: 1.05-1.76)
was demonstrated for UC.
Sheng, 201232 Cancer 9,265 3435TT genotype was More pronounced effect in hematological
associated with a higher malignancies (OR: 1.27, 95% Cl: 1.10-1.46),
cancer risk breast cancer (OR: 1.42, 95% CI: 1.04-1.94)
than 3435CC or 3435CTgenotype and renal cancer (OR: 1.77, 95% Cl: 1.28-2.46).
(OR: 1.18, 95% CI: 1.04-1.34).
With an increase in
cancer risk for 3435T allele
(OR: 1.13,95% CI: 1.04-1.23).
He, 201138 Colorectal 3,175 No association between No association found between
cancer 3435T allele and colorectal polymorphisms G2677T/A and
cancer risk; rs3789243 and colorectal cancer risk.
when one study was removed
there was a trend for association
(OR: 1.30, 95% Cl: 1.02-1.67) in Asians.
Qian, 201238 Leukemia 1,815 3435T allele significantly increased Increased risk for acute disease

risk of leukemia in all tested models:
dominant model: 3435CT/3435TT vs. 3435CC
(OR: 1.29; 95% Cl: 1.11-1.50).
Association with risk for lymphocytic leukemia
(OR: 1.31, 95% CI: 1.10-1.55) was shown.

(OR: 1.19, 95% CI: 1.01-1.40),
chronic disease (OR: 1.94, 95% Cl: 1.32-2.85)
and Caucasians (OR: 1.33, 95% ClI: 1.12-1.57).

Pharmacokinetics and chemotherapeutic responce

Chowbay, Digoxin AUC, 121
20054 AUC oy: 71
max. 106
Single dose studies: 97

No significant effect of
C3435T-related genotypes and
digoxin concentrations measured in
AUC, 4, and AUC oy,

Fixed effects model showed that AUC 4,
was significantly higher in subjects with
3435CC genotype, than in those with
3435 CT genotype. Cmax value tended to
be lower for subjects 3435CC than those
with 3435TT genotypes.
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LSy

Li,
201249

Jiang,
200847

Haerian,
201046

Wei,
201150

Yin,
201251

Chen,
201252

Luo,
201148

Tacrolimus

Cyclosporine

Anticonvulsants

Response to
chemotherapy in
non-small cell lung
cancer

Response to
chemotherapy in
non-small
cell lung cancer

Chemotherapy
response in
advanced

breast cancer

Risk of adverse
clinical events in
clopidogrel-treated
patients

1,327 patients

1,036 patients

3,231 drug-resistant
patients

3,524 drug-responsive

patients or
healthy controls

222 patients
for overall
survival effects

419 patient for overall

objective effect

C3435T: 379 patients
G2677T/A: 218 patients

464 patients

10,153 patients

NA

NA

NA

NA

NA

NA

NA

Subjects with 3435CC
genotype had lower concentration
to dose ratio and need higher
tacrolimus doses than subjects with
3435CTand 3435TT genotype at 6 months
posttransplantation and 3435CT genotype had
significantly higher concentrations compared with

3435CC genotype 1 week posttransplantation.

No major influence of C3435T
polymorphism and pharmacokinetic
parameters.

No significant association with 3435T
allele and drug resistance under fixed effects
model (OR:1,06, 95% Cl 0.98-1.14),
or random-effects model
(OR: 1.10, 95% Cl: 0.93-1.30).

Overall effect on overall survival
was not significant for 3435CC vs. 3435CT/TT
genotypes (HR: 1.11; 95% Cl: 0.78-1.56)
For objetive response, overall effect was
significant for 3435CC vs. 3435CT/TT
(OR: 2.22,95% Cl: 1.46-3.37).

3435CC carriers showed significantly increased

drug response (OR: 1.82, 95% Cl: 1.17-2.85),
this difference was only observed in
Asians (OR: 1.97, 95% Cl:1.11-3.5)

No association for 3435CC vs. 3435CT/TT
and response to chemotherapy
(OR: 1.18, 95% CI: 0.76-1.84).

No association for C3435T SNP with risk of overall
recurrent ischemic events was shown in
clopidogrel-treated patients
(OR: 1.13, 95% Cl: 0.78-1.64).

Subjects with 3435CC genotype had
significantly higher dose administration compared
with subjects with 3435TT genotype at 1 month
posttransplantation. Subjects with genotype
3435CT had significantly higher dose
administration than subjects with 3435TT
genotype at 1 week, 1 month, 6 months
and 1 year posttransplantation.

AUC ,,, values were lower in 3435CC
genotype than those with at least one
T allele. C, was lower in Caucasians

with the 3435CC genotype.

No difference in overall
findings or stratified by ethnicity.

Subgroup analysis produced significant
results in Asians (OR: 2.63; 95% ClI: 1.56-4.45)
but not in Caucasians (OR: 1.61, 95% CI: 0.79-3.28).

2677GG genotype showed higher
response (OR: 2.6, 95% ClI: 1.44-4.74).
All the reports were performed in Asians.

Subgroup analysis by ethnicity did not
change the results pattern, and comparisons
of 3435CC vs. 3435CT/TT in Caucasians showed
(OR: 0.81, 95% Cl: 0.36-1.85)
and in Asians (OR: 1.59, 95% ClI: 0.90-2.80).

Significant association was identified
between the 3435T allele and risk of short-term
recurrent ischemic vents (OR1.55,95% Cl:1.09-2.20).
No association was shown for
Stent thrombosis or bleeding.

IBD: inflammatory bowel disease. UC: ulcerative colitis. CD: Crohn’s disease. NA: not applicable. AUC: area under the curve. OR: odds ratio. HR: hazard ratio. Cl: confidence interval.



tacrolimus and similarly the drug concentrations
were not evaluated in the meta-analysis of platinum-
based chemotherapy response*®5 (Table 1). It is
also important to consider that the determination of
concomitant medication with P-gp inhibitors is also
required in further pharmacokinetic studies in order
to discard confusion biases.

To date, many other drugs have been studied in
relation to the MDR1I polymorphisms including anti-
retroviral therapy,*? fexofenadine!® and irinotecan®3
as well as in paroxetine response in depressive disor-
der®® methotrexate response in rheumatoid arthri-
tis** and steroid response in nephrotic syndrome.5®
Nevertheless, specific meta-analyses including all
the studies performed so far are required in order to
achieve a consensus.

Considering that few meta-analyses have been
conducted in drug pharmacokinetics and genetic po-
lymorphisms (~30) with CYP450 and MDR1 being
the main genes involved, it is possible that a perso-
nalized drug administration according to the
individual’s genetic background will take longer
than previously thought.

CONCLUSIONS

MDR1 SNPs C3435T, C1236T and G2677T/A are
the most widely investigated in the MDRI1 gene.
MDR1 SNPs have shown functional alterations in
vitro in a substrate-dependent manner and are rela-
ted with decreased tissue expression, although most
in vitro studies have shown no effect on protein ex-
pression. Additional controlled studies using specific
inhibitors and substrates are needed in order to
achieve a better approximation of its functional
effects. These SNPs have been investigated in a wide
range of diseases and drug pharmacokinetics.
C3435T SNP has shown a slight increased risk to
develop UC and cancer and has shown a slight effect
on tacrolimus pharmacokinetics and platinum-based
chemotherapy response in lung cancer; additionally
it has demonstrated controversial results in other
diseases and drug pharmacokinetics where no meta-
analyses have been performed. C1236T and G2677T/
A have been less investigated than C3435T SNP
with conflicting results in some diseases and drug
pharmacokinetics, but they have been included in a
very limited number of meta-analyses. It is neces-
sary to study the influence of these SNPs in other
drugs pharmacokinetics and disease susceptibilities
as well as to perform meta-analyses including the
studies with controversial results. It is also needed
to perform an evaluation of a wider range of MDR1

SNPs including the haplotype 1236T-2677T/A-3435T
and other drug transporters and enzymes that may
be related with the outcome variable in order to dis-
card a confusion bias.
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