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ABSTRACT

Background: To determine the frequency of the single nucleotide polymorphism M287T in exon 9 of the
AS3MT gene in Iranian population and to assess the difference in allele frequencies with other ethnicities.
Subjects and Methods: Genotyping analysis was performed on 150 healthy subjects using the PCR-RFLP
assay. We used chi-square analysis to check the deviation from Hardy-Weinberg equilibrium and compare of
the observed genotype frequencies in various ethnic. The level of statistical significance was considered as
p<0.05.

Results: The homozygous CC, homozygous TT and heterozygous CT genotypes were observed in 2%, 80%
and 18% of participated individuals. The SNP rs11191439 passed the Hardy-Weinberg equilibrium chi-squared
test with p-value>0.05 and had a minor allele frequency (MAF)>5%.

Conclusion: Iranians are genetically very similar to Caucasian and African individuals and they are
considerably different from other East Asians including Koreans, Chinese and Japanese individuals. Due to
genetic polymorphisms can contribute to the variability in AS3MT activity; they may contribute to
interindividual as well as intra-ethnic differences in response to the detoxification of arsenic.
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INTRODUCTION

Arsenic compounds are known to have variable
adverse health effects including lung, bladder,
kidney and skin cancer and other skin lesions.'
Because most organic and inorganic arsenic
compounds are without color, odor or taste; so,
food, water or air contaminants by its composition
are not easily identifiable. Hence exposure to
Arsenic compounds continues in the normal
population.” The concentration of Arsenic in food,
air and soil varies widely. Also, its concentration is
different in various regions of the world.’

The general human population may be at risk of
developing adverse health effects as the result of
environmental contamination. Arsenic
concentration in the body is affected by various
factors such as age, sex,” smoking,5 diet.® Also
genetic factors such as polymorphisms in genes
related to arsenic metabolism play an important
role in determining Arsenic concentrations in the
body.” Previous studies reported that single
nucleotide polymorphisms (SNPs) of the genes
involved in Arsenic metabolism was associated with
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in vivo metabolite concentrations.® Therefore,
genetic predisposition can play an important role in
the body burden of Arsenic.

Arsenite methyltransferase (AS3MT) is one of the
key enzymes involved in the transfer of a methyl
group from S-adenosyl-L-methionine to trivalent
arsenical and play a critical role in arsenic
detoxification. As203 polymorphism at position 287
(Met287Thr) critically influences arsenic
metabolism. The frequencies of Met287Thr, T>C
(rs11191439) AS3MT gene have been studied in
other ethnic groups of East Asia include: Chinese,
Japanese, Korean,’ Bangladesh®, South Americans,®
also Caucasian and African Americans but no data
are available for Iranian population. The aim of this
study was to determine the frequency of the single
nucleotide polymorphism M287T (rs11191439) in
exon 9 of the AS3MT in Iranians and to assess the
difference in allele frequencies with other
ethnicities.

SUBJECTS AND METHODS

DNA samples and genotyping of the rs11191439
SNP

Informed consent was obtained from all
participating individuals in this study. The genomic
DNAs of 150 healthy subjects were extracted from
peripheral blood, using standard salting out
procedure. Polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method
was used to genotype AS3MT, with the appropriate
primer set (Table 1). Briefly, amplification was
performed in a 25 pl reaction mixture using Taq
DNA polymerase master mix RED (Ampligon,
Denmark), 20-40 ng of template DNA and 0.5 uM of
each primer. The protocol of PCR reaction was
consisted of initial denaturation 95 OC for 3 min
followed by 30 cycles of denaturation at 94°C for
30s, annealing at 60°C for 30s and extension at
720C for 30s followed by a final extension of 72 °C
for 5 min. After PCR reaction, the PCR product was
affected by HpyCH4IV (restriction enzyme) and
incubated at 37°C for 16 hours.

The digested products were then subjected to
electrophoresis on a 2.5% Agarose gels.
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Table 1: Primers for the region harboring the M287TSNP

Primers Sequence
Forward 5" GTGCTGGAGATGAACCGTGAA-3"
Reverse 5°-GCAAGGGCAAGAGCAGAAAGA-3

DNA sequencing analysis

DNA sequence analysis was used to confirm the
results of AS3MT genotyping by PCR-RFLP in 3 of
each genotype. Briefly, cycle sequencing used the
same primers as for PCR. The cycle sequencing
reaction used the Big Dye Terminator v3.1 Cycle
Sequencing kit (Applied Biosystems, Foster City, CA,
USA) according to the manufacturer's instructions.
Unincorporated ddNTP and residual contaminants
were removed with the XTerminator kit (ABI) and
samples were sequenced on the ABI 3130 genetic
analyzer (Applied Biosystems).

Statistical analyses

The statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS)
version 16.0. The genotype and allele frequencies
were determined by direct gene count method.
Deviation from Hardy—Weinberg equilibrium and
comparison of the observed genotype frequencies
in various ethnic were tested using chi-square
analysis. The level of statistical significance was
considered as p<0.05.

RESULTS

One hundred and fifty healthy individuals were
enrolled in this study. Among the participants, the
average age was 38 years and the age range was 15-
65 years. Seventy-six (50.7%) were males and 74
were females (49.3%). Figure 1A shows the
genotype results for AS3MT/M287T
polymorphisms. The amplified fragment length was
232 bp. The PCR products were digested by
restriction enzyme HpyCH4lIVI and the
AS3MT/Met287Thr, T>C (rs11191439)
polymorphism was determined. The analyzed
genotype information obtained was as follows:
wild-type homozygous T/T (232 bp), heterozygous
T/C (232 bp, 154 bp, 78 bp), homozygous mutant
C/C (154 bp, 78 bp) (Figure 1A). Two samples
representing each genotype were selected for
direct sequencing. The results of PCR-RFLP analysis
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were consistent with those from sequence analysis
(Figure 1B). Twenty-seven (18%) and 120 (80%) of
individuals were heterozygous CT and homozygous
TT, respectively (Table 2). We found 3 homozygous
(2%) for the CC genotype in our sample population.
The SNP rs11191439 passed the Hardy-Weinberg
equilibrium chi-squared test with p-value>0.05 and
had a minor allele frequency (MAF)>5%.
Stratification of the population by gender revealed
no significant differences in allele frequency
between the genders (p=0.1).

The frequency distribution of AS3MT (rs11191439)
different allele and genotypes in Iranian and other
populations is shown in Table 3. Significantly
different allele frequency was seen the SNP
between Iranian and East Asians, including
Koreans,® Chinese® and Japanese'' (p-value=0.00,
Table 2).
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Figure 1A: The genotype results for AS3MT/M287T polymorphisms

ctaalgtttgatgccaattttaca

Figure 1B: Sequence analysis of CC genotype

Frequency of M287T AS3MT SNP in an Iranian Population

Table 2: Distribution of AS3MT/M287T genotypes among Iranian
populations

Characteristic T; T (n=120) C; T (n=27) C; C(n=3)

Age, median (Range) 38 (15-65) 37.9 (16-65) 22.3 (16-34)

Gender
Male (n) 57 18 1
Female (n) 64 8 2

The Iranian population also differed significantly
from the other Asian population like Turk in the
distribution of the M287T SNP."

There were no statistically significant differences
observed in the distribution of T and C genotypes
among the Iranian, Europeans,***?
African-Americans and Caucasian Americans.™

DISCUSSION

Genetic polymorphisms are one of the important
factors contributing to inter-individual variability in
response to drugs. There are different intronic®® and
exonic’? polymorphisms in AS3MT. From those
variants, we selected M287T polymorphism
because the effect of intronic polymorphisms on
the AS3MT activity is still completely unknown and
also previous studies have been shown to be
associated with interindividual variation in the
arsenic metabolism. It was first noted by Drobna et
al. that genetic polymorphisms in AS3MT can
influence DNA methylation in cultured primary
human hepatocytes.*® They showed that there was
an association between the C allele in M287T and
increased production of monomethyl arsenicals at
medium.™®
To our knowledge, this is the first report evaluating
the frequency of AS3MT/Met287Thr
polymorphisms among Iranian individuals. We have
defined ethnic differences in frequency of the
Met287Thr SNP. We found that, the frequency
distribution of Met287Thr was different from other
reported populations in Asia.
Almost 10% of the European is heterozygous for the
variant T allele compared with 1% of the East Asian
populations.”™ A study in 2007 that examined a
central European population, identified the M287T
(T/C) polymorphism in the AS3MT gene is one of
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Table 3: Interethnic differences in the allele frequencies of AS3MT
polymorphism by ethnic group

Population No of Allele Frequencies Ref
Individuals
T C

Japanese 370 0.990 0.010 [11]

Korean 200 0.990 0.010 [11]

Turk 191 0.990 0.010 [11]

Caucasian— 60 0.900 0.100 [14]
American

African— 60 0.892 0.108 [14]
American

Central 411 0.891 0.109 [12]
European

Polish 201 0.875 0.125 [13]

Present Study 150 0.89 0.11

the major factors that influence arsenic
metabolism,™ a finding that has been confirmed in
many populations including Bangladesh,® Chile'’
and Vietnam."

One study of 17 populations showed substantial
differences in 287T allele frequencies in Xhosas
(0.233) compared with other population groups. In
this study, similar frequency (above 0.100) of the
287T allele was reported in evaluating other
African, Caucasian, African-American and Latin
American populations.’ The lower frequency of the
287T allele (ranging from 0.000 to 0.041) in Asian
populations was reported in this study.'® The lower
frequency of AS3MT genotypes conferring higher
enzyme activity may have a genetic advantage for
individuals in more polluted areas.™

Iranians are genetically very similar to Caucasian
American, African American and central European
population individuals and they are considerably
different from other East Asians including Koreans,
Chinese and Japanese individuals.” This result was
consistent with the ethnic differences in previous
studies on SNPs associated with drug metabolism,*
phylogenetic.”

Over the last decade, there has been a growing
interest in the therapeutic potential of As203 as
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either single agent or in combination with ATRA for
successful treatment of Acute Promyelocytic
Leukemia (APL) patients.”**> Awareness of such
ethnic variations in the distribution of this
polymorphism, characterization of AS3MT gene and
the utilization of pharmacokinetic testing for the
identification of different AS3MT alleles in patients
may provide a useful tool for optimizing therapy
and side-effects for the individual patient. Further
studies are needed to assess the relationship
between genetic variations and clinical outcomes in
these patients.

CONCLUSION

In summary, we have demonstrated that Iranians
have a significant increase in the frequency of the
variant T allele when compared to other Asian
ethnic groups that may underlie differential
susceptibility to Arsenic toxicity. Over the last
decade there has been a growing interest in the
therapeutic potential of As203 as either single
agent or in combination with ATRA for successful
treatment of Acute Promyelocytic Leukemia (APL)
patients.”>*® Awareness of such ethnic variations in
the  distribution of  this polymorphism,
characterization of AS3MT gene and the utilization
of pharmacokinetic testing for the identification of
different AS3MT alleles in patients may provide a
useful tool for optimizing therapy and side-effects
for the individual patient. Further studies are
needed to assess the relationship between genetic
variations and clinical outcomes in these patients.

ACKNOWLEDGEMENT

This study was supported by Hematology-
Oncology and Stem Cell Transplantation Research
Center, Tehran University of Medical Sciences,
Tehran, Iran.

CONFLICT OF INTEREST
The authors declare that there is no conflict of
interest.

REFERENCES

1. Garcia-Esquinas E, Pollan M, Umans JG, et al. Arsenic
exposure and cancer mortality in a US-based prospective
cohort: the strong heart study. Cancer Epidemiol
Biomarkers Prev. 2013; 22(11):1944-53.

International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir


https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Esquinas%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23800676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poll%C3%A1n%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23800676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Umans%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23800676
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arsenic+exposure+and+cancer+mortality+in+a+US-based+prospective+cohort%3A+the+strong+heart+study.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arsenic+exposure+and+cancer+mortality+in+a+US-based+prospective+cohort%3A+the+strong+heart+study.

[JHOSCR, 1 January 2017. Volume 11, Number 1

2. Martinez VD, Vucic EA, Becker-Santos DD, et al.
Arsenic exposure and the induction of human cancers.)
Toxicol. 2011; 2011: 431287.

3. Hug SM, lJoardar JC, Parvin S, et al. Arsenic
contamination in food-chain: transfer of arsenic into food
materials through groundwater irrigation. J Health Popul
Nutr. 2006. 24(3):305-16.

4. Rahman M, Vahter M, Sohel N, et al. Arsenic exposure
and age and sex-specific risk for skin lesions: a
population-based case-referent study in Bangladesh.
Environ Health Perspect. 2006; 114(12):1847-52.

5. Ferreccio C, Gonzdlez C, Milosavjlevic V, et al. Lung
cancer and arsenic concentrations in drinking water in
Chile. Epidemiology.2000; 11(6):673-9.

6. Gruber JF, Karagas MR, Gilbert-Diamond D, et al.
Associations between toenail arsenic concentration and
dietary factors in a New Hampshire population. Nutr J.
2012; 11(1):45.

7. Wu F, Jasmine F, Kibriya MG, et al. Interaction
between arsenic exposure from drinking water and
genetic susceptibility in carotid intima-media thickness in
Bangladesh. Toxicol Appl Pharmacol. 2014; 276(3):195-
203.

8. Rodrigues EG, Kile M, Hoffman E, et al. GSTO and
AS3MT genetic polymorphisms and differences in urinary
arsenic concentrations among residents in Bangladesh.
Biomarkers. 2012; 17(3):240-7.

9. Fujihara J, Soejima M, Yasuda T, et al. Global analysis
of genetic variation in human arsenic (+3 oxidation state)
methyltransferase (AS3MT). Toxicol Appl Pharmacol.
2010; 243(3):292-9.

10. Schlawicke Engstrom K, Broberg K, Concha G, et al.
Genetic polymorphisms influencing arsenic metabolism:
evidence from Argentina. Environ Health Perspect. 2007;
115(4):599-605.

11. Fujihara J, Kunito T, Agusa T, et al. Population
differences in the human arsenic (+3 oxidation state)
methyltransferase (AS3MT) gene polymorphism detected
by using genotyping method. Toxicol Appl
Pharmacol.2007; 225(3):251-4.

12. Lindberg AL, Kumar R, Goessler W, et al. Metabolism
of low-dose inorganic arsenic in a central European
population: influence of sex and genetic polymorphisms.
Environ Health Perspect. 2007; 115(7):1081-6.

13. Janasik B, Reszka E, Stanislawska M, et al. Biological
monitoring and the influence of genetic polymorphism of
AS3MT and GSTs on distribution of urinary arsenic
species in occupational exposure workers. Int Arch Occup
Environ Health. 2015; 88(6):807-18.

14. Wood TC, Salavagionne OE, Mukherjee B, et al.
Human arsenic methyltransferase (AS3MT)
pharmacogenetics: gene resequencing and functional
genomics studies. J Biol Chem. 2006; 281(11):7364-73.

Frequency of M287T AS3MT SNP in an Iranian Population

15. Agusa T, Iwata H, Fujihara J, et al. Genetic
polymorphisms in AS3MT and arsenic metabolism in
residents of the Red River Delta, Vietnam. Toxicol Appl
Pharmacol. 2009; 236(2): 131-41.

16. Drobna Z, Waters SB, Walton FS, et al. Interindividual
variation in the metabolism of arsenic in cultured
primary human hepatocytes. Toxicol Appl Pharmacol.
2004; 201(2):166-77.

17. Hernandez A, Xamena N, Surrallés, et al. Role of the
Met(287)Thr polymorphism in the AS3MT gene on the
metabolic arsenic profile. Mutat Res. 2008; 637(1-2):80-
92.

18. Fujihara J, Soejima M, Koda Y, et al., Asian specific
low mutation frequencies of the M287T polymorphism in
the human arsenic (+3 oxidation state) methyltransferase
(AS3MT) gene. Mutat Res. 2008; 654(2):158-61.

19. Chowdhury UK, Biswas BK, Chowdhury TR, et al.
Groundwater arsenic contamination in Bangladesh and
West Bengal, India. Environ Health Perspect. 2000;
108(5):393-7.

20. Saber MM, Boroumand M, Behmanesh M.
Investigation of CYP2C19 allele and genotype frequencies
in Iranian population using experimental and
computational approaches. Thromb Res. 2014;
133(2):272-5.

21. Fazeli Z, Vallian S. Molecular phylogenetic study of
the Iranians based on polymorphic markers. Gene. 2013;
512(1):123-6.

22. Ghavamzadeh A, Alimoghaddam K, Ghaffari SH, et al.
Treatment of acute promyelocytic leukemia with arsenic
trioxide without ATRA and/or chemotherapy. Ann Oncol.
2006; 17(1):131-4.

23. Madan V, Shyamsunder P, Han L, et al
Comprehensive mutational analysis of primary and
relapse acute promyelocytic leukemia. Leukemia. 2016;
30(8):1672-81.

23

International Journal of Hematology Oncology and Stem Cell Research
ijhoscr.tums.ac.ir


https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinez%20VD%5BAuthor%5D&cauthor=true&cauthor_uid=22174709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vucic%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=22174709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Becker-Santos%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=22174709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huq%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=17366772
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joardar%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=17366772
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parvin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17366772
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17185274
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vahter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17185274
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sohel%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17185274
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreccio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11055628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=11055628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milosavjlevic%20V%5BAuthor%5D&cauthor=true&cauthor_uid=11055628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gruber%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=22747713
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karagas%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=22747713
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilbert-Diamond%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22747713
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24593923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jasmine%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24593923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kibriya%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=24593923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigues%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=22339537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kile%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22339537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffman%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22339537
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujihara%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19932709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soejima%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19932709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yasuda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19932709
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schl%C3%A4wicke%20Engstr%C3%B6m%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17450230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Broberg%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17450230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Concha%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17450230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujihara%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17889916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kunito%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17889916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agusa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17889916
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindberg%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=17637926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17637926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goessler%20W%5BAuthor%5D&cauthor=true&cauthor_uid=17637926
https://www.ncbi.nlm.nih.gov/pubmed/?term=Janasik%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25491248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reszka%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25491248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stanislawska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25491248
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wood%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=16407288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salavagionne%20OE%5BAuthor%5D&cauthor=true&cauthor_uid=16407288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mukherjee%20B%5BAuthor%5D&cauthor=true&cauthor_uid=16407288
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agusa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19371612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwata%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19371612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujihara%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19371612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Drobn%C3%A1%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=15541756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waters%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=15541756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walton%20FS%5BAuthor%5D&cauthor=true&cauthor_uid=15541756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hern%C3%A1ndez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17850829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xamena%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17850829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Surrall%C3%A9s%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17850829
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fujihara%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18588996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soejima%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18588996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18588996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chowdhury%20UK%5BAuthor%5D&cauthor=true&cauthor_uid=10811564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Biswas%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=10811564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chowdhury%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=10811564
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saber%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24315317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boroumand%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24315317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Behmanesh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24315317
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghavamzadeh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16227315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alimoghaddam%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16227315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghaffari%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=16227315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Madan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27063598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shyamsunder%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27063598
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27063598

