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Objectives: The CYP2B6 is one of the most polymorphic CYP genes in humans that has the potential
to modify the pharmacological and toxicological responses to clinically important drugs such as
antimalarial artemisinin and its derivatives. The aim of the study was to determine the frequency
of CYP2B6 polymorphisms in Timor malaria endemic area, East Nusa Tenggara, Indonesia where
Artemisin-based Combination Therapy (ACT) has been used to treat uncomplicated malaria.
Methods: A total of 109 healthy subjects were participated in this study. CYP2B6*4, *6 and *9
polymorphisms were analyzed using PCR-RFLP to confirm the SNPs prevalence of 516G>T and 785A>G
in exon 4 and 5.
Results: There were 96 subjects included in the analysis. In the exon 4 of CYP2B6 516G>T, the frequency
of the T mutation was 37.5% (39/96), and the wildtype 27.1% (26/96). In the exon 5, CYP2B6 785A>G
mutant was detected in 29.2% (28/96) of individuals, and the wildtype allele in 35.4% (34/96). The
frequency of CYP2B6*9 (516G>T), CYP2B6*4 (785A>G) and CYP2B6*6 (516G>T and 785A>G) were 40.6%,
29.2% and 22.9%, respectively. The prevalence of these CYP2B6 gene polymorphisms in Timorian ethnic
were higher than that in Malay, Han Chinese, Indian, and Egyptian populations.
Conclusion: The prevalence of these CYP2B6 516G>T and 785A>G polymorphisms in Timorian ethnic is
higher than that in other populations. These polymorphisms may affect the metabolism of artemisinin
and its derivatives.
©2018 Korea Centers for Disease Control and Prevention. This is an open access article under the CC BYNC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

important drugs, including antiretrovirals nevirpine and
efavirenz, anticancer cyclophosphamide, anesthetic propofol

Cytochrome P450 2B6 (CYP2B6) is a significant component of

and antimalarial drugs artemisinin and its derivatives [1,2]. The

the cytochrome P450 enzyme system, with an average relative

CYP2B6 is one of the most polymorphic CYP genes in humans

abundance of 6% of the total hepatic cytochrome P450 content.

and these polymorphisms have been demonstrated to affect

This enzyme plays an important role in the biotransformation

the pharmacological and toxicological responses to clinically

of drugs and other xenobiotics. The CYP2B6 mediates the

important drugs. Currently, 37 distinct star-alleles, over 50

metabolic activation and inactivation of various clinically

determined gene haplotypes, and more than 100 described
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single-nucleotide polymorphisms (SNPs) of the CYP2B6 genes

(BD vacutainer 5 mL). Samples were transported to School

have been reported and are listed on the cypalleles websites

of Medicine, Atma Jaya Catholic University of Indonesia and

[3,4].

stored at -20oC prior to analysis. Genomic DNA was extracted

Some of the CYP2B6 variant alleles occur with relatively high

from whole blood following the manufacturer’s protocols

frequencies across different population are CYP2B6*6, CYP2B6*4

(Promega, Madison, USA). DNA concentrations was determined

and CYP2B6*9 alleles [4,5]. The CYP2B6*6 [516G>T (Q172H) and

using a nanodrop spectrophotometer and purified DNA was

785A>G (K262R)] is the most common allele in all populations

stored at -20oC.

which occur in about 15 to over 60% in different population

Polymerase chain reaction-restriction fragment length

[4,6]. This CYP2B6*6 genotype is associated with decreased

polymorphism (PCR-RFLP) was used for genotyping CYP2B6 in

protein expression lead to decrease or increase activities

both exon 4 and 5. Specific primers were designed for the PCR-

depending on its drug substrates [2,7]. The CYP2B6*4 [785A>G

RFLP: F (5’-GGT-CTG-CCC-ATC-TAT-AAA-C-3’) and R (5’-CTC-

(K262R)] is another important allele which occurs in about 9 to

CCT-CTG-TCT-TTC-ATT-GTG-T-3’), and for 785A>G primer F

63% depending on the ethnicity of the population studied [8,9].

(5’-GAC-AGA-AGG-ATG-AGG-GAG-GAA-3’) and R (5’-CTC-CCT-

This CYP2B6*4 genotype is associated with increased protein

CTG-TCT-TTC-ATT-CTG-3’) [12]. The PCR-RFLP was identified

expression and CYP2B6 activity [3,10]. Whereas the CYP2B6*9

using Sty1 restriction enzyme mapping for A>G giving 468,

[516G>T (Q172H)] occurs in about 0 to 35.7% in different

27TA9, 171, and 161 base pair (bp) fragments. The restriction

population [6]. This CYP2B6*9 [516G>T (Q172H)] is associated

enzyme Bsr1 was used to identify G>T, giving restriction

with poor metabolizer and more side effects of efavirenz.

fragments of 509, 268, and 241bp. Allele and genotype

Malaria is a major public health problem in most tropical

frequencies for the SNPs investigated were determined by

countries, including Indonesia. Although National Malaria

direct counting. Deviation from Hardy-Weiberg equilibrium

Control Program in Indonesia has made progress to reduce

expectations were determined using the chi-square test. The

Annual Parasite Incidence (API) from 1.75 in 2011 to 0.85 in

data were shown in the distribution prevalence in the form of

2015, malaria is still endemic in East Nusa Tenggara with API

tables with a confidence interval (CI) of 95%.

of 7 [11]. Artemisin-based Combination Therapy (ACT) has
been used in the uncomplicated malaria treatment in endemic
area in Indonesia, including in East Nusa Tenggara. Some

Results

artemisinin derivatives have been shown to be metabolized by
polymorphic CYP2B6. The aim of the study was to determine

A total of 109 healthy subjects were participated in this

the frequency of CYP2B6 (516G>T and 785A>G) polymorphisms

study. The characteristics of subjects are presented in Table 1.

in Timorian ethnic, East Nusa Tenggara, Indonesia. The study

PCR-RFLP genotyping was completed for 96 out of 109 (88.1%)

concerning CYP2B6 polymorphisms has not been reported,

individuals; 36.4% (35/96) males and 63.5% (61/96) females.

yet. Such a data obtained in this study could provide valuable

Figure 1 shows the restriction fragments after digestion with

information on clinical responses of artemisinin derivatives

Sty1 and Bsr1 restriction enzymes.

and further would be helpful for personalized medicine.

Materials and Methods
This was a cross sectional study conducted during fourmonth period from August to December 2017 to determine
frequency of CYP2B6 (516G>T and 785A>G) polymorphisms of
Timorian ethnic in malaria endemic area Amanatun Selatan
Sub-district, East Nusa Tenggara Province, Indonesia. In total,
109 healthy volunteers with the aged 14 years or older and
haemoglobin concentrations ≥ 11 g/dL participated in the study
after completed signed informed consent forms. The protocol
of the study was approved by the Ethic Research Committee
from School of Medicine, Atma Jaya Catholic University of
Indonesia (Ref no.: 07/03/FK/KEP/2016).
Approximately 1-2 mL of whole blood sample for each
participant was collected using EDTA anticoagulant tubes

Table 1. Characteristics of subjects.
Male
(n = 35)

Female
(n = 61)

Total

Age (mean 44 years old):
≥ 44 years old
< 44 years old

15 (33.3)
20 (39.2)

30 (66.7)
31 (60.8)

45 (46.9)
51 (53.1)

Haemoglobin level:
Anemia (≤11 g/dL)
No anemia (>11 g/dL)

25 (36.2)
10 (37)

44 (63.8)
17 (63)

69 (71.9)
27 (28.1)

Variables

Data are presented as n (%).
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(B)

(A)

Figure 1. (A) Restriction fragments after digestion with Sty1 restriction enzyme to
identify CYP2B6*4 (785A>G) and (B) Showing the restriction fragments after digestion
with Bsr1 restriction enzyme to identify CYP2B6*9 (516G>T).

Table 2. The genotype prevalence of CYP2B6 SNPs (n = 96).

Genotype

SNP

*9

516G>T

Prevalence

Total (%)

Wildtype (%)

Heterozygote (%)

Homozygote (%)

26 (27.1)

31 (32.3)

39 (40.6)

96 (100)

*4

785A>G

34 (35.4)

34 (35.4)

28 (29.2)

96 (100)

*6

516G>T; 785A>G

38 (39.6)

36 (37.5)

22 (22.9)

96 (100)

Table 3. Prevalence of allele variants of CYP2B6 in the Timorian ethnic
population.

The prevalence of CYP2B6 polymorphisms was higher in
Allele

Number of mutants

exon-4 (40.6%) than in exon-5 (29.2%) as shown in Table 2.

Prevalence (%)

The PCR-RFLP analysis identified SNPs in both exon 4 and
*4

78

5, including allele *6. There were 41.7% people with the *6

56.8

mutation (Table 3).
*6

22

41.7

*9

56

46.9

T h e p r e v a l e n c e o f C Y P 2 B 6 516 G > T a n d 7 8 5 A > G
polymorphisms in Timorian ethnic observed in this study was
higher than that previous study in other populations, except in
Mozambican population (Table 4).

Table 4. Prevalence of CYP2B6 516G>T and 785A>G polymorphisms in other populations.
SNPs

Timorian

Egyptian [3]

Malay [12]

Indian [13]

Han Chinese [14]

Mozambican [15]

516G>T

40.6%

28.8%

34.4%

38.1%

23.9%

42.6%

785A>G

29.2%

30.4%

37.2%

36.3%

28.9%

40.9%

SNP = single-nucleotide polymorphisms.
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This condition may increase the side effects of the drugs.
When the drug is given in the active form, the secretion rate

The PCR-RFLP analysis examined the prevalence of the CY-

decreases and the concentration of active drug in the blood

P2B6 516G>T and 785A>G polymorphisms in Timorian ethnic in

increases along with potential side effects, therefore, lower

Amanantun Selatan Sub-district, East Nusa Tenggara, Indonesia.

doses may be required in these individuals to reduce the side

The prevalence of CYP2B6 516G>T and CYP2B6 785A>G were

effects. Artemisinin and its derivatives are frequently used

40.6% and 29.2%, respectively. The prevalence of both alleles

in East Timor for the treatment of uncomplicated malaria.

in Timorian ethnic was higher than that in other populations,

The high prevalence of CYP2B6*6 in the Timor ethnic should

such as Malays, Chinese, Indian, and Egyptian and except in

be considered when giving these antimalarial drugs because

Mozambican [3,12-15]. No significant difference was observed

of the slow metabolizer characteristic. Artemisinins are the

between the prevalence of elleles using Hardy Weinberg equa-

newest class of antimalarial agents. They are generally well

tion analysis. The prevalence of the CYP2B6 variants genotype

tolerated and as the WHO recommended, oral ACT, such as

in Timorian ethnic was similar to the Papua New Guinean’s (the

dihydroartemisinin–piperaquine, artemether–lumefantrine,

PNGs) and comparable to the other populations. In both pop-

artesunate–mefloquine, and artesunate–amodiaquine

ulations, the highest genotype variant was *6/*6 (homozygous

have rapidly become first-line drugs for the treatment of

mutant), followed by *1/*6 (heterozygous). The prevalence of

uncomplicated malaria in endemic countries. The metabolism

the *6/*6 and *1/*6 genotype variants in the Timorian ethnic

of artemisinins-based compounds is complex. Artesunate,

was 22.9% and 37.5%, respectively, while in PNGs it was 43%

artemether, and arteether are primarily metabolized by

and 36%, respectively. The frequency of allele *6 in Timorian

CYP3A4, CYP3A5, and CYP2A6 with a minor contribution from

ethnic was 41.7% also similar to that in PNG (62%). This pattern

CYP2B6 to form dihydroartemisinin, which is subsequently

might be explained by the similar ancestry of the Timorian

inactivated via UGT1A9 and UGT2B7. The artemisinin, on the

ethnic, who are descended from Austronesians and Melane-

other hand, is primarily metabolized by CYP2B6 with a minor

sians, with the PNGs also descendants of the Melanesians [16].

contribution from CYP3A4 and CYP2A6. Artemether, artemisinin,

In the Negroid, Mongoloid and Caucasian population, such as

and dihydroartemisinin have all been shown to induce

West African, Chinese, Japanese, Caucasian-American, Hispan-

CYP3A4, CYP2B6, and ABCB1 through activation of pregnane

ic-American, and South Iranian, the prevalence of *1/*6 were

X-receptor and constitutive androstane receptor [18,4]. Until

higher than the other variants (except the wild type). Because

now, pharmacogenetic data on artemisinin compounds is very

this study used the PCR-RFLP method, the CYP2B6 genotype

limited. Studies the effect of CYP2B6 gene polymorphisms on

variants *1/*6 and *4/*9 showed similar patterns on DNA visu-

the pharmacological and toxicological responses to artemisinin

alization. The data in Table 4 assumed that the *1/*6 allele was

and its derivatives are needed.

shown by both the 516G>T and 785A>G mutations. For more
precise results, DNA genotyping must be performed [17].
In previous studies, the prevalence of CYP2B6*6 was found

Conclusion

to be higher than CYP2B6*4 and CYP2B6*9 in all populations
studied. In the Timorian ethnic, the prevalence of CYP2B6*6,

The prevalence of CYP2B6 polymorphisms was determined

CYP2B6*4, and CYP2B6*9 were 22.9%, 29.2%, and 40.7%, respec-

in malaria-endemic Timor population in East Nusa Tengga-

tively. The prevalence of CYP2B6*6 in the Timorian ethnic was

ra, Indonesia. The frequency of CYP2B6*9 (516G>T), CYP2B6*4

higher than that in Korean (15.9%), Japanese (17.6%), Chinese

(785A>G) and CYP2B6*6 (516G>T and 785A>G) are 40.6%, 29.2%

(18.4%), Mongolian (21%), and was similar with Southeast Ira-

and 22.9%, respectively. The prevalence of the CYP2B6 gene

nian (23.1%), Caucasian-American (28%), Hispanic-American

polymorphism is higher than that in Malay, Han Chinese, Indi-

(30%), and African-American populations (34%). As previous-

an, and Egyptian populations. This polymorphism may affect

ly described, the similarity of the prevalence of CYP2B6*6 in

the metabolism of artemisinin and its derivatives. Further

Timorian ethnic and West African populations was surprising

study will be performed to investigate the effect of the CYP2B6

considering the difference in their genotype variant. The prev-

polymorphisms to pharmacokinetics of artemisinin and its de-

alence of CYP2B6*9 was highest in the Timorian ethnic (40.7%)

rivatives.

compared to other populations [17].
Individuals with the CYP2B6*6 gene metabolizes drugs slower

Conflicts of Interest

than individuals with the CYP2B6*1 gene, because CYP2B6*6 is
considered a slow metabolizer [18]. When these individuals are
given drugs in the prodrug, the effect of the drug is decreased
causing therapy failure and prodrug accumulation in the blood.

There was no potential conflicts of interest relevant to this
article.

196

Osong Public Health Res Perspect 2018;9(4):192−196

Acknowledgements
Authors would like to thanks all volunteers from the
Amanatun Selatan Sub-district, South Central Timor District
who participated in this study. This study was financial
supported by the Ministry of Research, Technology and
Higher Education of Republic of Indonesia and School of
Medicine, Atma Jaya Catholic University of Indonesia through
Doctoral Dissertation Grant in 2017 (Grant no.: 1074/III/LPPMHD/05/2017). We would also like to thank all technicians from
the Biomedical Laboratory, School of Medicine, Atma Jaya
Catholic University and our colleagues from Universitas Gadjah
Mada, Yogyakarta for the valuable assistances during the study.

References
[1]	Mehlotra RK, Ziats MN, Zimmerman PA, et al. Prevalence of CYP2B6 alleles
in malaria-endemic populations of West Africa and Papua New Guinea.
Eur J Clin Pharmacol 2006;62(4):267-75.
[2]	Xie HJ, Yasar U, Lundgren S, et al. Role of polymorphic human CYP2B6 in
cyclophosphamide bioactivation. Pharmacogenomics J 2003;3(1):53-61.
[3]	Ellison CA, Soheir S, Abou El-Ella SS, et al. Allele and genotype frequencies
of CYP2B6 and CYP2C19 Polymorphisms in Egyptian Agricultural Workers.
J Toxicol Environ Health A 2012;75(4):232-41.
[4]	Zanger UM, Klein K. Pharmacogenetics of cytochrome P450 2B6 (CYP2B6):
advances on polymorphisms, mechanisms, and clinical relevance. Front
Genet 2013;4(24):1-8.
[5]	Zhang H, Sridar C, Kenaan C, et al. Polymorphic variants of cytochrome
P450 2 B6 (CYP2B6.4 - CYP2B6.9) exhibit altered rates of metabolism for
bupropion and efavirenz: a charge-reversal mutation in the K139E variant

(CYP2B6.8) impairs formation of functional cytochrome P450-reductase
complex. J Pharmacol Exp Ther 2011;338(3):803-9.
[6]	Z akeri S, Amiri N, Pirahmadi S, et al. Genetic variability of CYP2B6
polymorphisms in southeast Iranian population: implications for malaria
and HIV/AIDS treatment. Arch Iran Med 2014;17(10):685–91.
[7]	Desta Z, Saussele T, Ward B, et al. Impact of CYP2B6 polymorphisms on
hepaic efavirenz metabolism in vitro. Pharmacogenomics 2001;8(6):54758.
[8]	Guan S, Huang M, Li X, et al. Intra- and inter-ethnic differences in the
allele frequencies of cytochrome P450 2B6 gene in Chines. Pharm Res
2006;23(9):1983-90.
[9]	Lang T, Klein K, Richter T, et al. Multiple novel nonsynonymous CYP2B6
gene polymorphisms in Caucasians: demonstration of phenotypic null
alleles J Pharmacol Exp Ther 2004;311(1):34-43.
[10]	Talakad JC, Kumar S, Halpert JR. Decreased susceptibility of the
cytochrome P450 2B6 variant K262R to inhibition by several clinically
important drugs. Drug Metab Dispos 2009;37(3):644-50.
[11]	Kementrian Kesehatan Republik Indonesia. Malaria. InfoDATIN. Pusat
Data dan Informasi Kementrian Kesehatan RI, Jakarta.
[12]	Musa N, Zulkafli MI, Talib N, et al. Haplotypes frequencies of CYP2B6 in
Malaysia. J Postgrad Med 2012;58(4):235-41.
[13]	Varshney E, Saha N, Tandon M, et al. Prevalence of poor and rapid
metabolizers of drugs metabolized by CYP2B6 in North Indian population
residing in Indian national capital territory. Springerplus 2012;1:34.
[14]	D avaalkham J, Hayashida T, Tsuchiya K, et al. Allele and genotype
frequencies of cytochrome P450 2B6 gene in a Mongolian population.
Drug Metab Dispos 2009;37(10):1991–3.
[15]	Arnaldo P, Thompson RE, Lopes MQ, et al. Frequencies of cytochrome
P450 2B6 and 2C8 allelic variants in the Mozambican population. Malays
J Med Sci 2013;20(4):13–23.
[16]	C rowley T, Lynch J, Ross M. The oceanic languages. Abingdon (UK);
Routledge: 2013. p.5-10.
[17]	Cui L, Su X. Discovery, mechanisms of action and combination therapy of
artemisinin. Expert Rev Anti Infect Ther 2009;7(8):999–1013.
[18]	I n ge l m a n - S u n d b e r g M , S i m S C , G o m e z A , e t a l . I n f l u e n c e o f
cytochrome P450 polymorphisms on drug therapies: pharmacogenetic,
pharmacoepigenetic and clinical aspects. Pharmacol Ther
2007;116(3):496–526.

