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Abstract
Background: The ABCB1 gene is responsible for resistance to various cytotoxic drugs. The product of the ABCB1 gene, 

P-glycoprotein (P-gp), acts as a transmembrane pump and influences the action of many drugs. More than 40 SNPs of the ABCB1 
gene that alter the expression of P-gp have been identified. The ABCB1 rs1045642 SNP, designated as C3435T (C-the wild-type 
allele, T-the variant allele), correlates with the activity of P-gp. The aim of our research was to study the distribution of alleles and 
genotypes of the ABCB1 C3435T polymorphism in Yakuts, in comparison with other human populations.

Methods and Results: The studied cohort included 149 healthy Yakut volunteers (36 men and 113 women). The average 
age of participants was 30.67±0.06 years. The ABCB1 gene is a highly polymorphic gene; the allele frequency of the C3435T 
polymorphism differs widely among the studied populations. The frequency of the mutant T-allele among the Yakuts was 51% .In 
the studied group of Yakuts, we revealed the prevalence of the heterozygous CT genotype (75.8%). The Yakuts have a relatively 
low frequency of CC (10.7%) and TT (13.4%) genotypes. This preliminary study did not include the objective of proving the 
relationship between the ABCB1 C3435T polymorphism and addictive disorders in Yakuts. The further search for functional 
polymorphisms of the ABCB1 gene and associations with addictive behavior using a systematic approach on larger samples is of 
great practical importance.(International Journal of Biomedicine. 2021;11(3):367-371.)
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Introduction
Since its first description by R. Juliano and V. Ling, 

the ATP-binding cassette (ABC) protein P-gp has become 
the object of special attention as a key player in one of the 
drug resistance mechanisms.(1) Multidrug resistance (MDR) 
is a biological phenomenon that significantly increases the 
survival of tumor cells under the treatment of cytostatic drugs, 
which ultimately negatively affects the life expectancy of 

patients with malignant neoplasms. The MDR phenotype is 
associated with the functioning of the products of the ABC-
transporter family of genes, a function that is associated with 
a major drug resistance mechanism.(2) 

P-glycoprotein (P-gp), a protein encoded by the ABCB1 
gene, is an important transporter for many drugs, and is also 
associated with many immunological processes and apoptosis.
(3) The P-gp is a very broad-spectrum efflux pump that is 
present in a variety of endothelia: liver, jejunum, or brain 
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capillary endothelial cells. P-gp plays an important role in the 
blood-brain barrier, protecting neurons from xenobiotics.

The ABCB gene family includes the ABCB1 and ABCB2 
genes. The ABCB1 gene is responsible for resistance to 
various cytotoxic drugs; the exact functions of the ABCB2 
gene, however, remain unknown.(4) The product of the ABCB1 
gene, P-gp, acts as a transmembrane pump and influences 
the action of many drugs.(5) The ABCB1 gene is localized 
on chromosome 7q21. More than 40 SNPs of the ABCB1 
gene that alter the expression of P-gp have been identified. 
Three SNPs (1236C>T, 2677G>T and 3435C>T) have been 
repeatedly shown to predict changes in P-gp function. It has 
been shown that the frequencies of these polymorphisms in a 
population are ethnically related. 

The ABCB1 rs1045642 SNP, designated as C3435T 
(C-the wild-type allele, T-the variant allele), correlates with 
the activity of P-gp. In individuals homozygous for the 
T-allele, the expression of P-gp is more than four times lower 
than in individuals with the CC genotype. 

The relationship of P-glycoprotein with the resistance 
of cancer cells to chemotherapy has been identified. 
The polymorphisms in the ABCB1 gene can affect the 
pharmacokinetics of many drugs, including cytostatic 
anticancer drugs.(3-5) 

The expression and function of some xenobiotic carriers 
vary depending on the time of the day, causing time-dependent 
changes in the distribution and toxicity of the drug. P-gp is 
highly expressed in the kidneys and is involved in the excretion 
of various drugs. The elimination of several P-gp substrates 
was demonstrated to vary depending on administration time, 
but the underlying mechanism remains unclear.(6-8)

Lopez and co-authors found that ABCB1 in the adrenal 
glands can regulate the adaptation to stress. They identified 
previously unknown subpopulation cells Abcb1b+ involved 
in stress adaptation in the adrenal glands. This finding was 
confirmed using a mouse stress model, adrenal tissues of 
patients with Cushing’s syndrome, adrenal cell lines and 
peripheral cortisol, as well as genotyping data from patients 
with depression.(9) 

There are also reports showing that the ABCB1 gene 
participates in forming human resistance to various infections as 
a result of acquiring resistance to bacterial toxins or viruses.(10) 

Muderrisoglu et al.(11) demonstrated that the genetic 
polymorphism of the ABCB1(MDR1) gene is significantly 
associated with non-smoking status in a cohort of Turkish 
people. In particular, the frequency of the ABCB1 1236TT-
2677TT-3435TT haplotype was significantly higher 
in non-smokers than in smokers (21.5% vs. 10.8, 
respectively; P=0.018). This haplotype and associated allelic 
variants may serve as a biomarker of protection against 
nicotine addiction if confirmed by other studies in different 
populations.(11)

Another group of researchers suggest that the rs1045642 
SNP has an adaptive significance, or is linked to other 
polymorphic sites that have an adaptive significance.(10) 

In 2013, Isaza and colleagues(12) determined the 
prevalence of some genetic markers involved in addictive 
behavior in a group of addicts to derivatives of coca (cocaine/

crack) or heroin and a control group of non-addicted people 
matched for gender, age, and ethnicity. Significant differences 
were found between drug addicts and the control group in 
relation to SNP 3435C>T of the ABCB1 gene (P=0.001). The 
results showed that the 3435CC genotype is associated with 
addiction to heroin or cocaine.

Identification of these genetic markers will allow early 
identification of people at risk in order to take appropriate 
preventive measures and offer better treatment options for 
those suffering from AD.

The aim of our research was to study the distribution of 
alleles and genotypes of the ABCB1 C3435T polymorphism in 
Yakuts, in comparison with other human populations. 

Materials and Methods
The study of the ABCB1 C3435T polymorphism was 

carried out in the Department of Molecular Genetics at 
YSC CMP. The studied cohort included 149 healthy Yakut 
volunteers (36 men and 113 women). The average age of 
participants was 30.67±0.06 years. All study participants 
filled out a questionnaire approved by the local committee 
on biomedical ethics at YSC CMP and voluntarily signed an 
informed consent to conduct genetic research.

Genomic DNA was isolated from the whole blood 
samples using a commercial DNA extraction and purification 
kit (Newteryx, Russia). All DNA samples were deposited to 
YSC CMP biomaterial collection “The Genome of Yakutia” 
(No. USU_507512). 

Allelic variants of the ABCB1 rs1045642 SNP were 
tested by PCR-RFLP assay. PCR conditions, sequences of 
oligonucleotide primers, the restriction enzymes used and 
lengths of restriction fragments are shown in Table 1.

Genotypes were identified by analyzing the size of the 
resulting fragments by 4% agarose gel electrophoresis with 
ethidium bromide using a standard tris-acetate buffer at 120V 
for 1 hour. Restriction products were visualized using the Bio-
Rad gel imaging system.

The study was approved by the Ethics Committee of the 
Yakut Science Center of Complex Medical Problems (YSC 
CMP). Written informed consent was obtained from each 
research participant (or the participant’s parent/guardian).

Statistical analysis was performed using the Statistica 8.0 
software package (Stat-Soft Inc., USA). The correspondence 

Table 1.
 Conditions of PCR-RFLP assay

Gene Primer AL,
bp

AT,
°С RE RFL,

bp

ABCB1
(rs1045642)

F:5′-TTG ATG GCA
AAG AAA TAA AGC-3′

207 54 DpnI
СС – 130,76 

СТ – 206,130,76 
ТТ – 206R:5′-CTT ACA TTA

GGC AGT GAC TCG-3′

AL - amplicon length; AT - annealing temperature; RE - restriction 
enzyme; RFL - restriction fragment length
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of the distributions of genotypes to the expected values   at HWE 
and comparison of the frequencies of allelic variants/genotypes 
were performed using the chi-square test. A probability value 
of P<0.05 was considered statistically significant. 

Results
The ABCB1 gene is a highly polymorphic gene; the allele 

frequency of the C3435T polymorphism differs widely among 
the studied populations. In terms of the allele frequency, the 
Yakuts are similar to the southern Kyrgyz, Russians, and 
Tuvans, and when compared to the data of other researchers 
and the open-source data of the 1000 Genomes Project, the 
frequency is observed to be similar to that of Caucasian 
populations (Table 2). 

The greatest difference in the allele frequency between 
the studied group and other ethnic groups was observed 
with Africans, Peruvians, and Chinese (C allele: 60-88%). 
The highest frequency of the wild C allele was observed in 
Esan in Nigeria (88%). The frequency of the mutant T-allele 
among the Yakuts was 51%, which is comparable with 
previously published data on the southern Kyrgyz (51%),(10) 
as well as with the 1000 Genome Project data on the Punjabi 
Pakistanis (51%). The highest frequency of the T-allele (61%) 
was observed in Bengalis and northern Kyrgyz. The lowest 
frequency of the T-allele (12%-19%) was observed in African 
populations. We assume that the presence of the T-allele, as a 
result of acquiring resistance to bacterial toxins and viruses, 
helped to establish resistance to various diseases; at the same 
time, the presence of the C allele favored the assimilation 

Table 2.
The frequency distribution of alleles and genotypes in of the ABCB1 C3435T polymorphism in different ethnic populations

Populations n Allele frequency Genotype frequency Ho He Fis References
С Т CC TC TT

Yakuts (Russia) 149 0.49 0.51 10.7 75.8 13.4 0.76 0.50 -0.52 Current study
Russians (Russia) 90 0.43 0.57 - - - 0.44 0.49 0.10

[10]
Tuvans (Russia) 142 0.43 0.57 - - - 0.46 0.49 0.06
Northern Kyrgyz (Kyrgyzstan) 41 0.39 0.61 - - - 0.60 0.47 -0.28
Southern Kyrgyz (Kyrgyzstan) 44 0.49 0.51 - - - 0.42 0.50 0.16
Jordanians (Jordan) 337 0.57 0.43 33.2 47.5 19.3 0.47 0.49 0.04 [21]
Brazilians (Brazil) 278 0.55 0.45 23.7 61.5 14.7 0.61 0.50 -0.22 [22]
Maharashtrians (India) 222 0.42 0.58 18.0 47.3 34.7 0.47 0.49 0.04 [23]
Macedonians (Macedonia) 107 0.51 0.49 25.2 52.3 22.4 0.52 0.50 -0.04 [24]
Ashkenazi Jews (USA) 101 0.50 0.50 30.7 38.6 30.7 0.36 0.50 0.28 [25]
African in Caribbean in Barbados 96 0.85 0.15 71.9 26.0 2.1 0.26 0.26 0.00

[26]

Descendants of Africans from
the Southeastern States (USA) 61 0.81 0.19 67.2 27.9 4.9 0.28 0.31 0.10

Esan (Nigeria) 99 0.88 0.12 77.8 21.2 1.0 0.21 0.20 -0.05
Gambians (Gambia) 113 0.81 0.19 66.4 29.2 4.4 0.29 0.31 0.06
Luhya (Kenya) 99 0.86 0.14 72.7 26.3 1.0 0.26 0.24 -0.08
Mende (Sierra Leon) 85 0.85 0.15 70.6 29.4 0.0 0.70 0.46 -0.52
Yoruba (Nigeria) 108 0.87 0.13 77.8 19.4 2.8 0.19 0.22 0.14
Colombians (Colombia) 94 0.44 0.56 31.9 47.9 20.2 0.48 0.49 0.02
Mexicans (Mexico) 64 0.52 0.48 25.0 54.7 20.3 0.55 0.50 -0.10
Peruvians (Peru) 85 0.62 0.38 36.5 51.8 11.8 0.52 0.47 -0.11
Puerto Ricans (Puerto Rico) 104 0.57 0.43 35.6 43.3 21.2 0.43 0.49 0.12
Daians (China) 93 0.57 0.43 34.4 46.2 19.4 0.46 0.49 0.06
Han (Beijing) 103 0.62 0.38 41.7 40.8 17.5 0.41 0.47 0.13
Han (South China) 105 0.69 0.31 50.5 38.1 11.4 0.38 0.42 0.10
Japanese (Japan) 104 0.52 0.48 24.0 55.8 20.2 0.56 0.50 -0.12
Kinh (Vietnam) 99 0.60 0.40 37.4 44.4 18.2 0.44 0.48 0.08
Utahs of Northern and Western
European Descent (USA) 99 0.43 0.57 18.2 50.5 31.3 0.51 0.49 -0.04

Finns (Finland) 99 0.42 0.58 14.1 56.6 29.3 0.57 0.49 -0.16
British (England and Scotland) 91 0.47 0.53 22 50.5 27.5 0.51 0.50 -0.02
Iberians (Spain) 107 0.54 0.46 29.9 47.7 22.4 0.48 0.50 0.04
Tuscan (Italy) 107 0.53 0.47 29.9 46.7 23.4 0.47 0.50 0.06
Bengalis (Bangladesh) 86 0.39 0.61 14 50 36 0.50 0.48 -0.04
Gujaratis living in Houston, 
exas (USA) 103 0.43 0.57 19.4 47.6 33 0.48 0.49 0.02

Telugu (UK) 102 0.41 0.59 19.6 42.2 38.2 0.42 0.48 0.13
Punjabi (Pakistan) 96 0.49 0.51 22.9 52.1 25 0.52 0.50 -0.04
Tamils   Sri Lanka (UK) 102 0.41 0.59 19.6 42.2 38.2 0.42 0.48 0.13

Ho - observed heterozygosity, He - expected heterozygosity, Fis - Wright’s fixation index.
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of various drugs. However, this hypothesis needs further 
investigation.   

The SNP genotyping of the ABCB1 gene in the studied 
group of Yakuts revealed the prevalence of the heterozygous 
CT genotype (75.8%). Among all compared ethnic groups, 
the Yakuts had the highest heterozygosity. The level of 
genetic differentiation of populations in terms of frequencies, 
calculated using the Fis coefficient, was -0.52. Possibly the 
high heterozygosity of this polymorphism is associated with 
adaptation since carriers of both alleles experience their 
effects simultaneously. The Yakuts have a relatively low 
frequency of CC (10.7%) and TT (13.4%) genotypes. The 
lowest heterozygosity was observed in Yoruba (19.4%). A 
high frequency of the CC genotype was observed in African 
populations (66.4%-77.8%). Among Asian populations, a 
high frequency of the CC genotype was found in the Chinese 
(41.7%-50.5%).

The ABCB1 C3435T polymorphism is a silent mutation, 
albeit with functional implications. Hoffmeyer observed a 
significant correlation of a polymorphism in exon 26 (C3435T) 
of MDR-1 with expression levels and function of MDR-1. TT 
homozygous for this polymorphism showed significantly 
lower duodenal P-gp expression, higher in vivo activity of Pgp 
and increased digoxin plasma levels.(13) In a study by Wang et 
al.,(14) it was found that the abundant 3435C>T SNP appears 
to be a main factor in allelic variation of ABCB1 mRNA 
expression in the liver, by changing mRNA stability. 

A recent population pharmacokinetic study investigated 
the functional effects of common combinations of SNPs 
(C1236T, G2677T/A, and C3435T) and haplotypes of the 
ABCB1 gene in vivo, measuring the apparent bioavailability 
of digoxin, which is a substrate of ABCB1. Carriers of CGC/
CGT and TTT/TTT had 35% higher apparent bioavailability 
compared to the reference group CGC/CGC, while no 
difference was seen in CGC/TTT carriers.(15) The obtained 
results support the use of digoxin as a phenotyping substrate of 
intestinal P-gp activity. These results are also consistent with 
another report, showing about twice the frequency of the all-
variant TT-TT-TT haplotype in non-smokers, since ABCB1 is 
involved in the transport of endogenous compounds such as 
opioid peptides, steroids, glutamate and endorphin, which act 
as modulators of neurons in the central nervous system and 
may play a role in substance addiction mechanisms.(11) 

It has been reported that the ABCB1 polymorphism 
has an effect on substance abuse. For example, the ABCB1 
polymorphism affects methadone dosage in the treatment 
of opioid or heroin addiction.(16,17) In addition, nicotine has 
been shown to alter the expression of ABCB1(18,19) and long-
term exposure to the carcinogen 4-methylnitrosamino-1-3-
pyridyl-1-butanone (NNK) found in tobacco smoke plays a 
role in head and neck squamous cell carcinoma by increasing 
anti-apoptosis and therapeutic resistance via the Snail-RKIP 
signaling pathway.(20) 

 Therefore, it can be assumed that genetic polymorphisms 
of the ABCB1 gene have an effect on the mechanisms associated 
with substance addiction, including nicotine addiction. 
However, the association of molecular and biological 
mechanisms has not been investigated. Our study was limited 

due to the inability to study the C1236T(rs1128503) and 
G2677T/A(rs2032582) polymorphisms for haplotype analysis 
and due to a relatively small cohort of studied people. 

In conclusion, the comparative analysis of our results 
with literature data on other human populations showed a high 
observed heterozygosity (75.8%) in the Yakut population.  The 
frequencies of the CC and TT genotypes in the studied group 
were relatively low: 10.7% and 13.4%, respectively. This 
preliminary study did not include the objective of proving the 
relationship between the ABCB1 C3435T polymorphism and 
addictive disorders in Yakuts. The further search for functional 
polymorphisms of the ABCB1 gene and associations with 
addictive behavior using a systematic approach on larger 
samples is of great practical importance.
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