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Polymorphisms in cytochrome P450 CYP3A4 and mul-

tidrug resistance (MDR)1 genes coding for the impor-

tant drug-metabolising CYP3A4 and the ATP-binding

cassette (ABC) transporter P-glycoprotein (Pgp) are

poorly documented in the Portuguese population. In

this study we have determined the frequencies of

CYP3A4 and MDR1 alleles in Portuguese Caucasians.

Both genes were simultaneously analysed as these

genes are known to be frequently co-induced and their

products to show a pronounced overlap of substrates.

CYP3A4 A-392G (CYP3A4*1B), T673C (CYP3A4*2) and

MDR1 T-129C, G2677T and C3435T single nucleotide

polymorphisms (SNPs) were analysed in 100 individu-

als from the southern region of the country. We ob-

served a frequency of 4.0% for CYP3A4*1B, not signifi-

cantly different from that reported on other Caucasian

European populations. CYP3A4*2 was found at an al-

lele frequency of 4.5%, constituting the first report of

the presence of this allele outside the Finnish popula-

tion. Significant differences were found concerning the

MDR1 C3435T SNP frequency (64.5%) compared with

other European populations, while no differences were

found concerning G2677T (47.5%) or T-129C (5%) SNPs.

Linkage between the C3435T and G2677T SNPs was

observed, although not as evidently as documented in

other Caucasian populations. No preferential associa-

tions were detected between CYP3A4 and MDR1 alle-

les. Clin Chem Lab Med 2003; 41(10):1345–1350
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Introduction

The cytochrome P450 CYP3A4 and the ATP binding
cassette (ABC) transporter P-glycoprotein (Pgp) are
two major factors that modulate the exposure of a
large range of xenobiotics. CYP3A4 is one of the quan-
titatively most important drug-metabolising enzymes
involved in both hepatic and intestinal metabolism of
drugs (1). Pgp acts as a transmembrane transporter in
tissues such as the intestine, liver (to the canaliculi),
kidney, blood-brain barrier, placenta and testis, limiting
the exposure of organs to xenobiotics (2–5). Pgp ap-
pears to work in concert with CYP3A4 by improving the
presentation of drug to the enzyme in the intestine (6,
7). Both Pgp and CYP3A4 are promiscuous proteins
with a large range of substrates and a marked overlap
in substrate specificity (8), as well as inducers (9, 10).
The transcription of the corresponding genes – CYP3A4
and multidrug resistance (MDR)1 – is induced by xeno-
biotics through activation of at least one common nu-
clear receptor, PXR (pregnane X receptor) (11).

These two proteins have been proposed to work as a
“battery” defence against xenobiotics, minimising
both their entrance and systemic exposure. Consider-
ing only one of these two proteins is increasingly
viewed as insufficient for predicting situations of al-
tered drug exposure, since the resulting systemic ex-
posure of CYP3A4/Pgp substrates is usually a conse-
quence of the activities of both proteins.

MDR1 and CYP3A4 genes are known to harbour a sig-
nificant number of single nucleotide polymorphisms
(SNPs), mainly unveiled in the last 2 years (12, 13). Ap-
proximately 30 SNPs have been identified in CYP3A4
(http://www.imm.ki.se/CYPalleles/), although most of
them apparently with no consequences for gene ex-
pression or protein activity (13). Two relevant non-in-
tronic variations found in CYP3A4 among Caucasians
are CYP3A4*1B (14) and CYP3A4*2 (15). A 5’-flanking
region A-392G transition defines the CYP3A4*1B allele
(14). Although the functional consequences of this SNP
are still under debate, it has been associated with can-
cer susceptibility (14, 16). 

CYP3A4*2 harbours an exonic SNP (T673C) that has
been associated with altered catalytic activity, with a
six-fold increase in the Km for the calcium channel
blocker nifedipine (15).

Among the 28 polymorphisms presently known in
the MDR1 gene (12), three positions have been particu-
larly studied and associated with altered Pgp function:
C3435T, G2677T and T-129C (17–19). The C3435T SNP
at exon 26 represents a synonymous alteration located
near the 3’ ATP binding domain-coding sequence of the
gene, which has received much attention due to a set of
consistent observations of altered protein expression
in the duodenal tissue (20). More recently, several stud-
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ies in vivo and in vitro have shown no differences be-
tween the C and T harbouring variants, leading to the
hypothesis that this SNP is linked to another alteration
in the gene (G2677T), which leads to an Ala893Ser
change and would represent the real cause of the ob-
served phenotypes (18, 19). Finally, the T-129C alter-
ation, located in the promoter region, has been shown
to significantly alter the expression of MDR1 in pla-
centa (19).

There is scarce data concerning the frequency of the
aforementioned CYP3A4 and MDR1 SNPs in southern
European populations. Information on the degree of in-
tragenic linkage between the SNPs in positions 3435,
2677 and –129 of MDR1 is also limited. Finally, due to
the overlapping substrate spectra we hypothesise that
potentially biased frequencies for CYP3A4/MDR1 vari-
ant associations may exist, due to the metabolic rela-
tionship of their gene products. This study intended to
address these questions in a Portuguese population.

Materials and Methods

Subjects

The group of subjects included in this study consisted of 100
unrelated, healthy Caucasian Portuguese from southern Por-
tugal, recruited from local medical check-ups (45 men and 55
women (age range: 7–89 years, mean = 47 years, SD ± 19). 

This study was approved by the Ethical Boards of the in-
volved clinical institutions and followed the recommenda-
tions of the Declaration of Helsinki, promulgated in 1964
(http://ohsr.od.nih.gov/helsinki.php3). All peripheral blood
samples were obtained upon individual consent.

PCR-RFLP-based genotyping of CYP3A4 and MDR1 SNPs

Genomic DNA was extracted from whole peripheral blood
and was amplified by polymerase chain reaction (PCR). DNA
(200–700 ng) was used for each amplification. PCR primers
used for PCR-restriction fragment length polymorphism
(RFLP) were as follows: for CYP3A4 A-392G (indicative of
CYP3A4*1B), sense: 5’-(AAT GAG GAC AGC CAT AGA GAC
AAG GcC)-3’, antisense: 5’-(CAA TCA ATG TTA CTG GGG AGT
CCA AGG G)-3’; for CYP3A4 T673C (Ser222Pro, indicative of
CYP3A4*2), sense: 5’-(AGA TTT GAT TTT TTG GAT CCA TTC
TTT gTC)-3’, antisense: 5’-(CAA ATC ACT GAA CTG TAT ATT
TTA AGT GG)-3’; for MDR1 C3435T, sense: 5’-(ATG GGC TCC
GAG CAC ACC TG)-3’, antisense: 5’-(AGG CAG TGA CTC GAT
GAA GGC)-3’; for MDR1 G2677T, sense: 5’-(GTA CCC ATC ATT
GCA ATA GCA)-3’, antisense: 5’-(TTT AGT TTG ACT CAC CTT
CCg AG)-3’; for MDR1 T-129C, sense: 5’-(TCT CGA GGA ATC
AGC ATT CAG TCA ATC C)-3’, antisense: 5’-(CTA AAG GAA
ACG AAG AGC GGC CTC TG)-3’.

Lower case is indicative of mismatched nucleotides incorpo-
rated for the generation of restriction enzyme recognition se-
quences. PCR was performed in an Eppendorf MasterCycle per-
sonal 5332 thermocycler (Eppendorf, Hamburg, Germany). All
reagents used for PCR were from Promega (Madison, USA).

PCR products were restricted with the following enzymes:
Bst NI (Stratagene, La Jolla, USA) (CYP3A4, A-392G SNP detec-
tion), Alw26 I (Promega, Madison, USA) (CYP3A4, T673C SNP
detection), Sau3A I (MDR1, C3435T SNP detection), Alw21I
(MDR1, G2677T SNP detection), MspA1 I (MDR1, T-129C SNP
detection). All digestions were performed in accordance with
the recommendations of the commercial suppliers.

Restriction fragments were analysed in 2–2.5% agarose gels
(0.1 µg/ml ethidium bromide) and visualised by UV transillumi-
nation in a BioRad GelDoc 2000 (Biorad, Hercules, USA).

Although the SNP at position 2677 may consist of a change
to a T or an A, our study was limited to the detection of the
G2677T change, since the available data shows this alteration
as the overwhelmingly most frequent alternative to guanine
at this codon among Caucasians (21). Also, functional studies
are reported only concerning G2677T (18).

Statistical analysis

Confidence intervals and statistical calculations were per-
formed through the use of the CIA program (22), χ2 testing was
performed with the Microstat® software (Ecosoft Inc., 1984, In-
dianapolis, IN, USA). 

Results

CYP3A4*1B and CYP3A4*2 SNPs

The frequencies of CYP3A4*1B and CYP3A4*2 were
found to be 4.0% and 4.5%, respectively (Table 1). No
individuals were found to be homozygous for these al-
leles – not a surprising observation as the expected fre-
quency for such an event involving these variants
would be below 1%. The detection of the CYP3A4*2 al-
lele among the Portuguese constitutes the first obser-
vation of the presence of this allele outside the Finnish
population (15). No individuals were found harbouring
simultaneously both SNPs. Together these two alleles
account for nearly a tenth of the CYP3A4 alleles herein
analysed among the Portuguese. 

MDR1 T-129C, C3435T and G2677T SNPs

MDR1 3435T and 2677T harbouring alleles were found
to be present at high frequencies of 64.5% and 47.5%
(Table 1), in agreement with previous reports among
Caucasians (see Table 2). As for the T-129C SNP, the
presence of –129C was observed at a frequency of 5%.
One C/C homozygous was identified, an unexpected
observation according to the frequency of the C har-
bouring allele. 

The MDR1 intragenic C3435T/G2677T linkage
disequilibrium

Linkage between the C3435T/G2677T SNPs was ob-
served, with an association of 3435 C/C with 2677 G/G
genotypes more frequent than expected, as 8/31 (25.8%)
were found against a theoretically expected 3.7/31
(11.9%) (Table 3). As observed by others (18), we did not
find any individual carrying the 3435 C/C associated with
2677 T/T. No other evident trends were observed. 

No significant linkage was observed between the
T-129C SNP and the other MDR1 positions analysed
here (data not shown). 

CYP3A4 and MDR1 allele associations

In the present study the associations between
CYP3A4*1B or CYP3A4*2 alleles and the studied MDR1
alleles were observed at a frequency not significantly
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different from the expected (data not shown). Interest-
ingly, the individual homozygous for the –129C SNP
also harboured a CYP3A4*2 allele, an event only ex-
pected to occur at a frequency of 0.17% when taking
into account the corresponding allelic frequencies. 

Discussion

In this study we have analysed 100 individuals simulta-
neously for the presence of a subset of functionally
documented CYP3A4 and MDR1 SNPs. These included
two of the most frequent CYP3A4 alleles found in Cau-
casians, CYP3A4*1B (determined through A-392G de-
tection) and CYP3A4*2 (determined through T673C de-
tection), as well as three MDR1 SNPs documented to be
associated with altered phenotypes (C3435T, G2677T
and T-129C).

Analysis of CYP3A4 allele frequencies

The frequency of CYP3A4*1B (4.0%) was shown not to
be significantly different from the values found in other
European Caucasian populations (15, 26–29). The im-
portance of this variation for CYP3A4 activity is still
controversial. Some in vitro studies support a role of
this SNP for altered transcription or enzyme expression
(30, 31), while others do not (13, 26). This variant has,
however, been proposed to be associated with ad-
vanced stage prostate cancer risk (14, 16) and to be pro-
tective for secondary cancer caused by leukaemia
chemotherapy (32). During the completion of this work,
some reports were published suggesting these obser-
vations are due to a linkage disequilibrium between
CY3A4*1B and the active wild-type CYP3A5*1 class of
alleles (13, 33). Further studies in the Portuguese popu-
lation concerning the CYP3A5 gene are needed for the
confirmation of this linkage.

Table 1 CYP3A4 and MDR1 SNP frequencies in the studied Portuguese population.

SNP Frequency (95% CI) Genotype Frequency (95% CI)

CYP3A4 A 0.960 (0.923–0.983) A/A 0.920 (0.848–0.965)
A-392G (*1B) G 0.040 (0.017–0.077) A/G 0.080 (0.035–0.152)

G/G 0 (0–0.0362)

CYP3A4 T 0.955 (0.916–0.979) T/T 0.910 (0.836–0.958)
T673C (*2) C 0.045 (0.021–0.084) T/C 0.090 (0.042–0.164)

C/C 0 (0–0.0362)

MDR1 T 0.950 (0.910–0.976) T/T 0.910 (0.836–0.958)
T-129C C 0.050 (0.024–0.900) T/C 0.080 (0.035–0.152)

C/C 0.010 (0.000305–0.055)

MDR1 C 0.355 (0.289–0.421) C/C 0.120 (0.064–0.200)
C3435T T 0.645 (0.579–0.711) C/T 0.470 (0.369–0.572)

T/T 0.410 (0.313–0.513)

MDR1 G 0.525 (0.456–0.594) G/G 0.310 (0.221–0.410)
G2677T* T 0.475 (0.406–0.544) G/T 0.430 (0.331–0.533)

T/T 0.260 (0.177–0.357)

n = 100. *The rare G2677A variant was not analysed in this
study. Due to its low frequency among Caucasians, we believe

that its discrimination would not significantly change the re-
sults and conclusions of this work.

Table 2 Comparison of the frequencies of the MDR1 T-129C, C3435T and G2677T SNPs found in 
this study with other European populations.

T-129C 3435 SNP (exon 26) 2677 SNP (exon 21)

Population N T C C T G T

Portuguese
(this study) 100 0.950 0.050 0.355 0.645 0.525 0.475
Portuguese (23) 100 n.d. n.d. 0.430 0.570 n.d. n.d.
Italian (24) 106 0.972 0.028 0.538 0.462 0.561 0.410
German (17) 85 0.941 0.059 n.d. n.d. n.d. n.d.
German (17) 188 n.d. n.d. 0.519 0.481 n.d. n.d.
German (21) 461 n.d. n.d. 0.461 0.539 0.565 0.416
German (25) 537 n.d. n.d. 0.497 0.503 n.d. n.d.
Scotland (23) 190 n.d. n.d. 0.479 0.521 n.d. n.d.

n = number of individuals, n.d. = no data available.
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Concerning CYP3A4*2, this allele is present among
the Portuguese in one of the highest frequencies ever
assigned to an exonic non-synonymous CYP3A4 SNP
among Caucasians (4.5%). CYP3A4*2 was previously
only found in a Finnish population (2.7%) (15), being re-
ported absent in other studies conducted among Cau-
casians (29, 34). This observation leads to the sugges-
tion that frequencies above 1% of CYP3A4*2 may only
be found in specific geographic areas and populations. 

Analysis of the frequencies of MDR1 T-129C, C3435T
and G2677T SNPs 

No significant differences were found between the ob-
served frequencies of the MDR1 3435T allele and that
reported previously in a study conducted in the central-
northern regions of Portugal (Table 2). Also, no signifi-
cant differences were observed in a population from
the Berlin area (21) or from northeast Scotland (23). On
the other hand, a comparison with the 3435T allele fre-
quency in other German populations from Stuttgart/
Berlin (48.1%) (17) and southwestern Germany (50.3%)
(25) showed borderline significant differences (p =
0.051 and p = 0.053, respectively), while significant dif-
ferences were found when analysing 3435C (51.9%, p =
0.025 and 49.7%, p = 0.027, respectively). The same
trend was observed (3435T (p = 0.055), 3435C (p =
0.027)) when comparing our data with a study con-
ducted in the north of Italy (24). These results empha-
sise the fact that analysis and comparisons of Euro-
pean populations should be done with caution, in
particular when conclusions are extrapolated from a
regional to a national level, due to the population het-
erogeneity found in most countries. 

The frequency of the G2677T and T-129C SNPs
showed no significant inter-population differences
when comparing our results with the available data
(17, 21, 24). No significant linkage was observed be-
tween the T-129C SNP and the other MDR1 positions
analysed here, in agreement with a recent report on a
Japanese population (35). Linkage between C3435T
and G2677T was observed, mainly concerning an in-
creased association of genotypes 3435 C/C and 2677
G/G. Simultaneously, no association of 3435 C/C with
2677 T/T was found, an event also observed to be un-
common in other studies (24). No other evident trends

were observed, including the strong associations be-
tween 3435 C/T and 2677 G/T and between 3435 T/T
and 2677 T/T, previously reported in other Caucasian
populations (18, 24). These results raise the hypothesis
that the patterns of linkage between these two MDR1
SNPs are variable from population to population. If, as
hypothesised (18), the main phenotypic effect of the
C3435T SNP is actually the result of its frequent linkage
disequilibrium with the G2677T SNP – that represents
the “active alteration” – the predictive capacity of the
C3435T status (17) will be compromised in populations
showing different linkage patterns between the two
markers. Some recent reports support this view, with
studies not finding a correlation between the C3435T
genotypes and the bioavailability of documented Pgp
substrates (24, 36), or even observing an inverse corre-
lation to the previously reported (17). These results
suggest that for molecular epidemiology purposes, at
least both SNPs should always be analysed, as has
been done recently by Furuno and collaborators (24).

Associations of CYP3A4 and MDR1 alleles

CYP3A4 and Pgp work in concert as a defence battery
against systemic exposure of a large number of xeno-
biotics. The two proteins have overlapping substrate
specificity and common regulation systems. Therefore,
one may hypothesise that individuals harbouring spe-
cific alterations in both genes might be less frequent
than expected due to natural selection, possibly caused
by dietary exposure to herbal substances such as alka-
loids. 

Interestingly, in a recent report the genotype of the
C3435T SNP on MDR1 was suggested to correlate to
expression of CYP3A4 in enterocytes, with 3435C/C car-
riers having significantly higher levels of CYP3A4 ex-
pression than 3435T/T harbouring subjects. This obser-
vation was suggested as being the result of a linkage
between MDR1 C3435T and an undetermined genetic
variation in CYP3A4 (37).

The analysis of individual CYP3A4 genotypes and
MDR1 genotypes revealed no significant associations
between specific changes in these two genes.

This result might be due to the particular choice
and/or the rarity of the alleles under study. One individ-
ual was found simultaneously carrying a CYP3A4*2

Table 3 Linkage between MDR1 C3435T and G2677T SNPs in the Portuguese. 

2677 SNP (exon 21) genotype

G/G G/T T/T

O E O E O E

3435 SNP C/C 0.080 (8) 0.037 (3.7) 0.040 (4) 0.052 (5.2) 0.000 (0) 0.031 (3.1)
(Exon 26) C/T 0.100 (10) 0.146 (14.6) 0.240 (24) 0.202 (20.2) 0.130 (13) 0.122 (12.2)
Genotype T/T 0.130 (13) 0.127 (12.7) 0.150 (15) 0.176 (17.6) 0.130 (13) 0.107 (10.7)

O: observed and expected, E: frequencies for the combina-
tions of MDR1 C3435T and G2677T SNP genotypes. The ex-
pected numbers of individuals (in parentheses) were calcu-

lated on the basis of the observed independent frequencies
for each SNP genotype.
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and an MDR1 –129C/C association of genotypes. This
was surprising as this event was expected to occur at a
frequency of approximately 0.17%. Although sugges-
tive of a possible association of genotypes, further
studies are needed for the evaluation of the meaning of
this observation.
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