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C3435T polymorphism of the MDR1 gene is not 
associated with blood levels of hypothalamus-
pituitary-adrenal axis hormones in healthy 
male subjects
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ABSTRACT. In vitro studies have shown that multidrug resistance 
protein 1 (MDR1) has an affinity for cortisol; however, in vivo association 
studies on the relationship between MDR1 gene polymorphisms and 
blood cortisol levels have produced inconsistent results. Therefore, 
we examined the effects of the C3435T polymorphism of the MDR1 
gene on blood levels of hypothalamus-pituitary-adrenal (HPA) axis 
hormones such as cortisol and adrenocorticotropic hormone (ACTH) in 
healthy subjects. The subjects comprised 30 healthy Japanese males. Ten 
subjects were recruited for each of the C3435T MDR1 genotypes: C/C, 
C/T, and T/T. Blood samples were taken at 6:00 pm on two occasions 
with an interval of 2 weeks. Blood levels of cortisol and ACTH were 
determined by an electrochemiluminescence immunoassay. There were 
no significant differences in the blood levels of the HPA axis hormones 
among the MDR1 genotypes. The present study suggests that the 
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C3435T MDR1 polymorphism does not affect blood levels of HPA axis 
hormones in healthy Japanese males.
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INTRODUCTION

P-glycoprotein 1, or multidrug resistance protein 1 (MDR1), belongs to the adenosine 
triphosphate (ATP)-binding cassette family of transporters (Fromm, 2004). It is expressed in 
various tissues such as the intestines, liver, kidney, placenta, and brain, and its physiological role 
is to prevent the entry and serve as an active eliminator of xenobiotics and cellular metabolites 
(Fromm, 2004). The human MDR1 gene has the chromosomal locus 7p21, and has a single 
nucleotide polymorphism in exon 26 at position 3435 (C3435T, rs1045642) (Hoffmeyer et al., 
2000). It has been reported that this polymorphism influences MDR1 expression and activity 
(Hoffmeyer et al., 2000).

The C3435T MDR1 polymorphism has been associated with several neuropsychiatric 
disorders, i.e., Alzheimer’s disease, Parkinson’s disease, and epilepsy (Thuerauf and Fromm, 
2006). It has also been associated with major depression (Fujii et al., 2012; Ozbey et al., 2014; 
Santos et al., 2014). Furthermore, our recent study showed a significant association between 
the C3435T MDR1 polymorphism and interpersonal sensitivity, a depression-prone personality 
trait, in healthy subjects (Enokido et al., 2014). Because major depression is associated 
with dysregulated function of the hypothalamus-pituitary-adrenal (HPA) axis (Binder and 
Nemeroff, 2010), these associations between the MDR1 polymorphism and depression may 
be mediated by altered HPA axis hormones.

In vitro studies have shown that MDR1 has an affinity for cortisol as well as other 
endogenous steroid hormones such as estradiol and progesterone (Uhr et al., 2002; Kim and 
Benet, 2004; Peng et al., 2016). However, in vivo studies have produced inconsistent results. 
Lacchini et al. (2014) reported that the C3435T MDR1 polymorphism did not influence 
plasma levels of cortisol in 83 resistant hypertensive patients treated with anti-hypertensive 
drugs that may affect MDR1 activity (Wynn et al., 2009). Moreover, Nakamura et al. (2009) 
examined the effects of the C3435T MDR1 polymorphism on serum levels of cortisol, and 
showed that the C allele was associated with higher serum levels of the hormone during the 
post-menstrual phase in 18 healthy females, although this association was not found during the 
premenstrual and menstrual phases. Therefore, we examined the effects of the C3435T MDR1 
polymorphism on blood levels of HPA axis hormones in healthy males taking no medications, 
to determine whether the HPA axis hormones are implicated in the link between the MDR1 
polymorphism and major depression.

MATERIAL AND METHODS

Thirty healthy Japanese males were recruited from the staff at Yamagata University 
Hospital. They had already been genotyped for the C3435T MDR1 polymorphism in our 
previous study examining the association between this polymorphism and personality traits 
(Enokido et al., 2014). Ten subjects were recruited for each of the genotypes: C/C, C/T, and 
T/T. The mean age ± SD (range) was 27.8 ± 2.0 (25-32) years. None of the subjects had taken 
any drugs that are MDR1 substrates for at least two weeks prior to commencement of the 
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study. The subjects’ characteristics are given in Table 1. The study protocol was approved by 
the Ethics Committee of Yamagata University School of Medicine, and all subjects provided 
written informed consent before participation.

Table 1. Effects of the MDR1 genotypes on blood levels of hypothalamus-pituitary-adrenal (HPA) axis hormones.

MDR1 = multidrug resistance 1; ACTH = adrenocorticotropic hormone. Numbers represent means ± SD.

 Total subjects MDR1 genotype F P 
C/C C/T T/T 

No. of subjects 30 10 10 10   
Age (years) 27.8 ± 2.0 27.8 ± 2.5 27.2 ± 1.5 27.4 ± 1.6 1.754 0.192 
Height (cm) 172.1 ± 6.3 174.9 ± 5.9 172.2 ± 5.0 169.2 ± 7.2 2.186 0.132 
Body weight (kg) 63.7 ± 8.9 65.0 ± 8.0 65.9 ± 6.6 60.3 ± 11.2 1.165 0.327 
ACTH (pg/mL) 25.4 ± 11.0 24.6 ± 16.0 24.6 ± 7.9 26.9 ± 8.3 0.129 0.879 
Cortisol (g/dL) 9.9 ± 3.4 9.2 ± 2.9 10.4 ± 2.8 9.6 ± 3.4 0.420 0.661 

 

Blood samples were taken at 6 pm on two occasions with a 2-week interval. The time 
of sampling was determined based on the evidence provided by previous studies (Parry et al., 
2000; Nakamura et al., 2009), which suggest that cortisol levels peak early in the morning, 
decline within several hours, then remain relatively stable in the evening. Cortisol levels are 
influenced by a substantial number of factors such as sleep duration, physical activity, and 
night-shift work (Kudielka et al., 2006; Mirick et al., 2013). Therefore, the subjects were 
free to follow their normal daily work routines on both sampling days, and were advised to 
get enough sleep the day before the samples were taken. They were prohibited from eating, 
drinking anything, or vigorous physical activity for at least three hours before blood sampling. 
Serum levels of cortisol and plasma levels of adrenocorticotropic hormone (ACTH) were 
measured using Roche Diagnostics Elecsys electrochemiluminescence immunoassays for 
cortisol and ACTH (Roche Diagnostics K.K., Tokyo, Japan), respectively. The means of the 
hormone levels measured on the two sampling occasions were used for statistical analyses.

Statistical analyses were performed by analysis of variance using SPSS 14.0 J for 
Windows (SPSS Japan Inc., Tokyo, Japan). A P-value of less than 0.05 was regarded as 
significant.

RESULTS

Contrary to our expectations, there were no significant differences in the blood levels 
of cortisol (P = 0.661) or ACTH (P = 0.879) among the three MDR1 genotypes (Table 1).

DISCUSSION

In the present study, we found that the C3435T MDR1 polymorphism does not affect 
blood levels of cortisol or ACTH in healthy Japanese males. The effect size at α = 0.05 and 
at power 0.80 in the present sample size was 0.176 (Cohen, 1988). This means that we would 
only have detected a significant difference among the groups if one group had had a mean 
score of at least 0.176 times the standard deviation of the other groups. Thus, the present study 
suggests that the C3435T MDR1 polymorphism does not have a great impact on blood levels 
of cortisol or ACTH.
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The lack of association between the C3435T MDR1 polymorphism and cortisol levels 
was not in accordance with a previous study that showed that the C allele of this polymorphism 
was associated with higher cortisol levels in 18 healthy women during the postmenstrual 
phase (Nakamura et al., 2009). In vitro studies have shown that MDR1 expression is lower 
in females than in males, suggesting sex specificity of MDR1 expression, possibly due to the 
effects of estradiol and progesterone (Kim and Benet, 2004). Thus, the inconsistency between 
the two studies may be ascribed to the gender difference of the subjects. Incidentally, we found 
the same sex specificity in our previous study, i.e., we found a significant association between 
the C3435T MDR1 polymorphism and the interpersonal sensitivity personality trait in females 
but not in males (Enokido et al., 2014). Moreover, it has been suggested that the test-retest 
reliability of HPA axis assessment varies widely among procedures, and other assessment 
methods such as diurnal salivary cortisol curve and cortisol awakening response may be more 
reliable for testing HPA axis function than single-point measurements (Golden et al., 2011). 
Thus, it is possible that the effects of the MDR1 polymorphism on HPA hormones were not 
reliably detected by the single-point measurement method used in the present study. Further 
studies using the other assessment methods mentioned above are warranted. In conclusion, the 
present study suggests that the C3435T MDR1 polymorphism does not affect blood levels of 
HPA axis hormones in healthy Japanese males.
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