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Abstract
Objective: The gene coding for spermidine/spermine N1-acetyltransferase 1 (SAT-1) participates in the 

metabolic pathways of polyamines as a rate-limiting enzyme; this gene is involved in regulating polyamine levels 
and it has been considered a candidate gene for suicidal behavior. The aim of this study was to determine the 
association between SAT-1 polymorphism A-1537C (rs6526342) and suicidal behavior, in a sample of suicide 
attempt patients in the Mexican population.

Methods: To observe the association between rs6526342 and suicidal behavior, we evaluated 169 unrelated 
suicide attempters and compared them to 218 non-suicidal individuals. Patients were evaluated by a trained 
psychiatrist or clinical psychologist. SAT-1 rs6526342 genotypes were analyzed using the polymerase chain 
reaction end-point method.

Results: No significant association was observed between cases and comparison group for allele frequency 
(p=0.40, df=1, p=0.69). However, a significant association between rs6526342 and suicidal behavior was observed 
in the male group for allele distribution (χ2=4.0, df=1, p=0.04, OR 0.48; 95% CI: 0.24-0.98), whereas in the female 
group, no association was found by genotype (χ2= 2.85, df=2, p=0.23) or allele (χ2=0.01, df=1, p=0.91) frequency. 

Conclusion: Our results showed an association between allele C of the polymorphism in the promoter region 
of SAT-1 A-1537C (rs6526342) and suicidal behavior in Mexican males. This suggests that the SAT-1 gene may 
contribute to the risk for suicidal behavior among the Mexican population.
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Introduction
Suicidal behavior is a serious public health problem. An increase in 

suicides has been observed in both developed and developing countries 
[1,2]. Worldwide, one suicide is completed every 40 seconds, leading to 
approximately one million deaths every year [3]. Also, it is well known 
that there are populations that show an increased rate of suicides as 
it has been reported in the native Alaskan population with a rate of 
38.5 per 100000 persons [4]. In Mexico the literature suggests that from 
1970 to 2007 suicides increased 275% [5]. Also, suicides have been 
reported as the second cause of death in Mexican teenagers between 15 
to 19 years old [6]. The spectrum of suicidal behavior includes suicide 
ideation, suicide attempt and completed suicide [7,8]. However, there 
is another definition in suicidal behavior known as parasuicide which 
cover behaviors that may vary from an exclusively manipulatory 
attempt to an intentional suicidal gesture and a serious act which was 
not fatal by chance [9]. It is known that the etiology of suicidal behavior 
has multiple genetic and environmental influences throughout life, as 
well as in their in-between interactions, as conceptualized in a stress-
vulnerability model [10,11]. The literature has shown evidence for a 
genetic contribution in suicidal behavior [12-14]. To date there is 
strong neurobiological evidence showing that serotonergic dysfunction 
is implicated in suicidal behavior, in particular, the genes coding 
for tryptophan hydroxylase-1 (TPH-1), tryptophan hydroxylase-2 
(TPH-2) and 5-hydroxytryptamine receptor 1A (HTR1A). However, 
the association of genes in this neurobiological system and suicidal 
behavior remains controversial [15-17]. Furthermore, the possible 
contributions of specific genes and their different allelic variants are 
still in the process of ongoing studies [10]. The same is observed in the 

literature concerning studies of genome-wide association of suicidal 
behavior, in which new loci and genes are being reported [18-20]. 
Recent evidence suggests the involvement of changes in the polyamine 
stress response system in suicidal behavior [21], through a dysregulation 
of the polyamine system in the pathogenesis of this behavior [22]. 
The polyamines- putrescine, spermidine, and spermine-are naturally 
occurring polycations essential for cell proliferation [23,24]; they 
regulate cellular activities at transcriptional, translational, and post-
translational levels [24,25]. Spermidine/spermine N1-acetyltransferase 
1 (SSAT1 or SAT1) is a key enzyme in the metabolism of polyamines. 
Furthermore, it is decreased in the cortex of suicide completers 
[21,26]. It has become increasingly evident that this mechanism is 
involved in suicidal behavior [22]. The gene coding for SAT-1 is 
located on chromosome Xp22.1 (cloned by Xiao et al. [27]). Several 
polymorphisms in this gene have been reported as functional Single 
Nucleotide Polymorphisms (SNPs) such as A-1537C (rs6526342). This 
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polymorphism has been associated with SAT-1 transcript levels, since 
allele A itself has been linked to higher SAT-1 expression, suggesting 
that this SNP could be a predictor of SAT-1 expression; hence the 
importance given to the study of this polymorphism [26,28-31]. 

The SAT-1 gene has been previously studied in relation to other 
diseases such as lung carcinoma and other cancers [32,33]. In 2006, 
Sequeira et al. reported the association between the SAT-1 gene and 
suicidal behavioral [26]; since then many studies have associated 
SAT-1 with other psychiatric diagnoses including schizophrenia [34], 
anxiety disorder [35,36], and mood disorders [36]. To date there are 
only few reports that have evaluated the association between the SAT-1 
A-1537C (rs6526342) polymorphism and suicidal behavior [28,37-40], 
mostly in Caucasian populations. Therefore, it is necessary to explore 
the involvement of the SAT-1 gene in other ethnic communities. 
Therefore, the aim of this study was to determine a possible association 
between A-1537C (rs6526342) and suicide attempt patients in a 
Mexican population.

Materials and Methods 
Sample

We performed a case-control study with a total of 169 patients 
consecutively recruited from the outpatient service of the General 
Hospital of Comalcalco in the state of Tabasco, Mexico. These patients 
had attempted suicide between January 2011 and February 2012 in 
the municipality of Comalcalco, in the state of Tabasco, Mexico. In 
addition, 218 unrelated persons were consecutively recruited from the 
Blood Donor Center of the same hospital to be used as the comparison 
group. The comparison group consisted of physically healthy subjects 
after a medical evaluation, with no manifested psychiatric problems 
when interviewed by a psychiatrist. To reduce ethnic variation and 
stratification effects, only Mexican subjects descending from Mexican 
parents and grandparents were included.

Ethics Statement

All subjects signed an informed consent to participate in the 
study after they were given a verbal and written explanation of the 
research objectives; they did not receive any economical remuneration. 
This study complied with the principles convened in the Helsinki 
Declaration. In addition, this study was approved by the DAMC-UJAT 
Ethics and Research Committee (UJAT-DAMC-2012-02).

Clinical Evaluation

Each patient was diagnosed based on the Structured Clinical 
Interview for DSM-IV Axis in the Spanish version. Trained psychiatrists 
or clinical psychologists with at least a master’s degree evaluated all 
patients. Subjects with self-injury behavior, undetermined suicide 
attempt, or suicide ideation were excluded from the study. Of the 169 
patients, 22 (13.0%) were diagnosed with schizophrenia spectrum 
disorders, 52 (30.1%) with mood disorders, 63 (37.3%) with stress-
related disorders, 32 (18.9%) with substance-related disorders and 1 
person with organic disorder.

Patients were excluded when the suicide attempt was determined 
not to have any suicidal intention or ideation using the Scale for 
Suicide Ideation in the Spanish version [41]. Also, subjects who were 
determined to have other concomitant medical or neurological illness 
were excluded. The presence of self-injury was evaluated only subject 
with self-injury was excluded. 

In the comparison group, each individual was interviewed using 
systematic forms to obtain a detailed medical and psychiatric history 
in order to exclude subjects who had relatives with a lifetime history 
of mental disorder or suicidal behavior (as seen in other reports) [42]. 

Genotype Assay

Peripheral blood samples were taken from every subject to extract 
the DNA, using the Wizard Genomic DNA Purification Kit (Promega). 
SAT-1 A-1537C (rs6526342) genotypes were analyzed in all patients 
using the polymerase chain reaction (PCR) end-point method. The 
assay for rs6526342 is available in TaqMan SNP Genotyping Assay 
(Applied Biosystems). We followed the manufacturer’s genotyping 
protocol. All genotyping was performed blind to patient outcome; as 
a quality control in our genotyping analyses we used random blind 
duplicates and checked for genotype concordance (the concordance 
rate was 100%).

Statistical Analysis
The information is presented as numerical values and percentages 

for the categorical variables (gender, marital status, socio-economic 
level), also we used the mean ± standard deviation for continuous 
variables (age, years of schooling). The chi-squared test was used to 
compare: i) categorical variables, ii) genotype and allele frequencies 
between groups. We used Student’s t-test to compare continuous 
variables. The level of significance was set at 0.05. In this report suicidal 
behavior (dependent variable) was associated with genotype and allele 
frequencies of SAT-1 in subjects with suicidal behavior (independent 
variable). The fitness of genotype frequency distribution to the Hardy-
Weinberg equilibrium was tested using the Finetti software (http://ihg.
gsf.de/cgi-bin/hw/hwa1.pl). Genotype frequencies of the rs6526342 
polymorphism were not in Hardy-Weinberg equilibrium in the female 
group (p<0.05). The power to detect associations was analyzed with the 
Quanto 1.2 software [43]. The power of the analysis was 0.44 (minor 
allele frequency =0.3170; genetic odds ratio=1.5; overall disease risk in 
the general population=0.01). 

Results
Socio-demographic features of suicide attempters are summarized 

in Table 1. In the comparison group (n=218) the mean age was 31.77 
years (± 12.68; range 16-60 years old) and the mean of education was 
13.28 years of schooling (± 4.75; range 0-22 years).

Genotype and allele frequencies of A-1537C (rs6526342) of the 
SAT-1 polymorphism are shown in Table 2. No significant association 
was observed between cases and comparison group for allele (p=0.40, 
df=1, p=0.69). Given that the SAT-1 gene is located on chromosome 
X, separate analyses were performed for males and females. When 
we analyzed by gender, the A allele was significantly more frequent 
in males of the comparison group than in male cases (χ2= 4.0, df=1, 
p=0.04, OR 0.48; 95% CI: 0.24-0.98). However, in the female group, 
no significant differences were observed in genotype (χ2= 2.85, df=2, 
p=0.23) or allele (χ2= 0.01, df=1, p=0.91) distribution (Table 2).

Discussion
In this study, we explored the association between the SAT-1 

A-1537C (rs6526342) polymorphism and suicidal behavior. Initially, we 
analyzed the association in the population as a whole. Subsequently, we 
investigated whether gender differences were observed. The polyamine 
stress response has been studied in relation to suicidal behavior, 
mainly because this system may participate in physiological responses 
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to physical, emotional and hormonal stressors [21]. Spermidine/
spermine N1-acetyltransferase 1 is the rate-limiting enzyme of this 
system. A major interest was established when this enzyme was 
observed decreased in prefrontal profiles of gene expression in subjects 
with consummated suicide [44]. As a result, SAT-1 could be used as a 
possible peripheral biomarker [26].

In this Mexican population, we found no association between SAT-
1 A-1537C and suicidal behavior by allele when the sample was taken as 
a whole. Finally, we did not observe any significant differences between 
female groups. However, male subjects presented a different scenario. 
We found a higher prevalence of allele C in patients who had attempted 
suicide. To our knowledge, this is the first study addressing the genetic 
association between SAT-1 A-1537C (rs6526342) and suicidal behavior 
in a Mexican population, which confirms our working hypothesis that 
SAT-1 gene genotype may confer a vulnerability to attempt suicide 
in Mexicans. Our results are similar to previous reports such as in 
Sequeira et al. [26], where these authors compared 181 male suicide 
completers (post-mortem) and 80 male controls (patients of French-
Canadian origin). As a result, they also found a higher frequency of 
allele C in suicidal completers, and propounded that allele C may 
increase the predisposition to suicide. Gender-specific differences have 
also been observed in SAT-1 expression, possibly because this gene 
is located on the X chromosome [31]. Furthermore, differences by 
gender have been observed in polyamines and their metabolic enzymes 
[31,45,46]. The positive evidence in the literature and our genetic 

association study suggest a possible role for SAT-1 in suicidal behavior. 
Conversely, there is a report that did not encounter any association of 
either allele A or C in rs6526342 of SAT-1; this study was performed 
in Geneva and Montpellier in Swiss and French populations. These 
authors analyzed suicide attempters (n=449) and suicide completers 
(n=88) vs. a comparison group (n=224) and did not observe statistical 
significant differences [28]. Therefore, more studies are necessary for 
the replication of positive results.

There are several possible explanations for the discrepancies 
observed in the four populations analyzed regarding this association, as 
proposed by Fiori et al. [47]. They may be due to sample heterogeneity 
and the differences in allele frequency and properties among 
populations. However, our sample was selected from a relatively 
homogenous Mexican population, since only individuals of the state of 
Tabasco with parents and grandparents born in this state were included 
(only the Chontalpa City region of Tabasco was considered). 

Finally, we recognize four weaknesses in our study: 1) the 
sample size is small in comparison with other studies. Statistical 
tests normally require larger samples to ensure a representative 
distribution of the population in order to generalize outcomes. On 
other hand, there are several association studies of suicidal behavior 
that have analyzed different gene variants which may play a role in 
this pathology. In consequence, our second limitation is that we only 
studied one polymorphism, because there have not been other SAT-1 
polymorphisms associated with suicidal behavior. Third, no scales to 
measure clinical symptomatology were used (specifically for depression 
and anxiety), which may be considered as risk factors involved in the 
pathology of suicidal behavior. Fourth, our results may be influenced 
by an association between the studied SNP and any underlying 
psychiatric condition in the case group. Finally, we did not correct for 
multiple testing because only one polymorphism was included in this 
study. In contrast, a positive point to consider is that suicidal behavior 
is the leading cause of mortality in psychiatric patients; our results 
contribute to understand how the polyamine stress response system 
could be involved in suicide attempt.

In conclusion, our results found that in men allele C of the A-1537C 
(rs6526342) polymorphism of the SAT-1 gene exhibited an association 
with suicidal behavior in a Mexican population sample. However, more 

Cases group Comparison group χ2 df p value
Socio-demographic features Number Percent Number Percent

Gender
Male 60 35.5 76 65.1 0.01 1 0.89

Female 109 64.5 142 34.9
Marital status 85 50.2 100 45.8 8.97 2 0.01

Married 82 48.5 101 46.4
    Single 2 1.3 17 7.8
Widowed

Socio-economic level
    High 12 7.2 5 2.3 10.80 2 0.004
Middle 88 52.0 145 66.5
Low 69 40.8 68 31.2

Average (SD) Range Average (SD) Range t df
Age (years) 28.45(10.42) 14-57 33.12(13.08) 14-73 3.77 381 <0.001

Education (years of schooling) 8.67 (3.46) 0-22 12.21 (4.87) 0-22 6.59 329 <0.001

χ2=Chi-squared test, df=Degree of freedom, t=Student’s t-test, SD=Standard deviation.
Table 1: Socio-demographic features of a Mexican population sample contrasting suicidal (cases group) and non-suicidal individuals (comparison group).

Cases (n=169) Comparison group (n=218)

Genotype
Female 
(n=142)

n(%)

Male (n=76)
n(%)

Female (n=109)
n(%)

Male (n=60)
n(%)

AA 62 (43.7) 43 (39.6)
AC 31 (21.8) 34 (31.1)
CC 49 (34.5) 32 (29.3)

Allele
A 155 (54.6) 37 (48.7) 120 (55.1) 19 (31.7)
C 129 (45.4) 39 (51.3) 98 (44.9) 41 (68.3)

Total 284 76 218 60

Female genotypes: χ2=2.85, df=2, p=0.23
Female alleles: χ2=0.01, df=1, p=0.91
Male alleles: χ2=4.0, df=1, p=0.04, OR=0.48 (95% CI: 0.24-0.98)
Table 2: Genotype and allele distribution of SAT-1 (rs6526342) in suicidal behavior 
in patients and comparison group.
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comprehensive studies and larger samples are necessary to determine 
conclusively the association of SAT-1 with suicidal behavior.

Acknowledgements

Data collection and the genotyping of subjects were performed thanks to the 
support and grant from CONACYT (CB-2012-177459).

Disclosure 

The authors declare not to have any competing interests.

References
1. Baker SP (2013) Increase in suicide by hanging/suffocation in the U.S., 2000-

2010. American Journal of Preventive Medicine 44: 146-149.

2. Quinlan-Davidson M (2014) Suicide among young people in the Americas. J 
Adolesc Health 54: 262-8.

3. World report on violence and health (2002) New South Wales Public Health 
Bulletin 13: 190.

4. Wexler L, Silveira ML, Bertone-Johnson E (2012) Factors associated with 
Alaska native fatal and nonfatal suicidal behaviors 2001-2009: trends and 
implications for prevention. Arch Suicide Res 16: 273-86.

5. Borges G (2012) Suicide and suicidal behaviors in Mexico: retrospective and 
current status. Salud Pública Mex, c 52: 292-304.

6. Chávez-Hernández AM, Macías-García LF (2015) Understanding suicide in 
socially vulnerable contexts: psychological autopsy in a small town in Mexico. 
Suicide and Life-Threatening Behavior.

7. Wasserman D (2010) The 2009 Nobel conference on the role of genetics in 
promoting suicide prevention and the mental health of the population. Molecular 
Psychiatry 15: 12-7.

8. Sokolowski M (2013) Glutamatergic GRIN2B and polyaminergic ODC1 genes 
in suicide attempts: associations and gene-environment interactions with 
childhood/adolescent physical assault. Mol Psychiatry 18: 985-92.

9. Runeson BS (2002) Suicide after parasuicide. BMJ 325: 1125-6.

10. Mann JJ (2003) Neurobiology of suicidal behaviour. Nature Reviews. 
Neuroscience 4: 819-28.

11. Mann JJ, Currier DM (2010) Stress, genetics and epigenetic effects on the 
neurobiology of suicidal behavior and depression. European Psychiatry 25: 
268-271.

12. Voracek M,  Loibl LM (2007) Genetics of suicide: a systematic review of twin 
studies. Wien Klin Wochenschr 119: 463-75.

13. Zai CC (2012) The brain-derived neurotrophic factor gene in suicidal behaviour: 
a meta-analysis. Int J Neuropsychopharmacol 15: 1037-42.

14. Schild AH (2013) Genetic association studies between SNPs and suicidal 
behavior: a meta-analytical field synopsis. Prog Neuropsychopharmacol Biol 
Psychiatry 46: 36-42.

15. Tovilla-Zarate C  (2011) No association between COMT val158met 
polymorphism and suicidal behavior: meta-analysis and new data. BMC 
psychiatry 11: 151.

16. Angles MR (2012) No association between the HTR1A gene and suicidal 
behavior: a meta-analysis. Revista Brasileira de Psiquiatria 34: 38-42.

17. Gonzalez-Castro TB (2014) Association of TPH-1 and TPH-2 gene 
polymorphisms with suicidal behavior: a systematic review and meta-analysis. 
BMC Psychiatry 14: 196.

18. Galfalvy H (2013) A pilot genome wide association and gene expression array 
study of suicide with and without major depression. World J Biol Psychiatry14: 
574-82.

19. Schosser A (2011) Genomewide association scan of suicidal thoughts and 
behaviour in major depression. PLoS One 6: e20690.

20. Mullins N (2014) Genetic relationships between suicide attempts, suicidal 
ideation and major psychiatric disorders: a genome-wide association and 
polygenic scoring study. Am J Med Genet B Neuropsychiatr Genet 165: 428-37.

21. Turecki G (2014) The molecular bases of the suicidal brain. Nat Rev Neurosci 
15: 802-816.

22. Fiori LM, Turecki G  (2008) Implication of the polyamine system in mental 
disorders. Journal of Psychiatry and Neuroscience 33: 102-10.

23. Tabor CW, Tabor H (1984) Polyamines. Annu Rev Biochem 53: 749-90.

24. Lee SB (2010) Suppression of exogenous gene expression by spermidine/
spermine N1-acetyltransferase 1 (SSAT1) cotransfection. J Biol Chem 285: 
15548-56.

25. Pegg AE (2008) Spermidine/spermine-N (1)-acetyltransferase: a key metabolic 
regulator. Am J Physiol Endocrinol Metab 294: 18.

26. Sequeira A (2006) Implication of SSAT by gene expression and genetic variation 
in suicide and major depression. Arch Gen Psychiatry 63: 35-48.

27. Xiao L (1992) Structure of the human spermidine/spermine N1-acetyltransferase 
gene (exon/intron gene organization and localization to Xp22.1). Biochemical 
and Biophysical Research Communications, 187: 1493-502.

28. Guipponi M (2009) Genetic and epigenetic analysis of SSAT gene 
dysregulation in suicidal behavior. American journal of medical genetics. Part 
B, Neuropsychiatric Genetics 5: 799-807.

29. López JP (2014) Regulatory role of miRNAs in polyamine gene expression in the 
prefrontal cortex of depressed suicide completers. Int J Neuropsychopharmacol 
17: 23-32.

30. Squassina A (2013) Differential effect of lithium on spermidine/spermine N1-
acetyltransferase expression in suicidal behaviour. Int J Neuropsychopharmacol 
16: 2209-18.

31. Fiori LM, Mechawar N, Turecki G (2009) Identification and characterization 
of spermidine/spermine N1-acetyltransferase promoter variants in suicide 
completers. Biol Psychiatry 66: 460-7.

32. Mank-Seymour AR (1998) Two active copies of the X-linked gene spermidine/
spermine N1-acetyltransferase (SSAT) in a female lung cancer cell line are 
associated with an increase in sensitivity to an antitumor polyamine analogue. 
Clin Cancer Res 4: 2003-8.

33. Gabrielson EW, Pegg AE, Casero RA (1999) The induction of spermidine/
spermine N1-acetyltransferase (SSAT) is a common event in the response 
of human primary non-small cell lung carcinomas to exposure to the new 
antitumor polyamine analogue N1, N11-bis (ethyl)norspermine. Clin Cancer 
Res 5: 1638-41.

34. Bermudo-Soriano CR (2009) SAT-1 -1415T/C polymorphism and susceptibility 
to schizophrenia. Progress in Neuro-Psychopharmacology & Biological 
Psychiatry 33: 345-8.

35. Vaquero-Lorenzo C (2009) Positive association between SAT-1 -1415T/C 
polymorphism and anxiety. American Journal of Medical Genetics. Part B, 
Neuropsychiatric Genetics 5: 515-9.

36. Fiori LM (2010) Association of polyaminergic loci with anxiety, mood disorders, 
and attempted suicide. PloS one 5: 0015146.

37. Sequeira A (2006) Implication of SSAT by gene expression and genetic variation 
in suicide and major depression. Archives of general psychiatry 63: 35-48.

38. Fiori LM, Turecki G (2011) Epigenetic regulation of spermidine/spermine N1-
acetyltransferase (SAT1) in suicide. J Psychiatr Res 45: 1229-35.

39. Klempan TA (2009) Profiling brain expression of the spermidine/spermine N1-
acetyltransferase 1 (SAT1) gene in suicide. Am J Med Genet B Neuropsychiatr 
Genet 150: 934-43.

40. Chen GG (2010) Evidence of altered polyamine concentrations in cerebral 
cortex of suicide completers. Neuropsychopharmacology 35: 1477-84.

41. Beck AT, Kovacs M. Weissman A (1979) Assessment of suicidal intention: the 
Scale for Suicide Ideation. J Consult Clin Psychol  47: 343-52.

42. González-Castro TB (2013) Association of 5HTR1A gene variants with suicidal 
behavior: case-control study and updated meta-analysis. J Psychiatric Res 47: 
1665-72.

43. Gauderman W, Morrison J (2006) QUANTO 1.1: A computer program for power 
and sample size calculations for genetic-epidemiology studies.

44. Karssen AM (2007) Stress-induced changes in primate prefrontal profiles of 
gene expression. Mol Psychiatry 12: 1089-102.

45. Ferioli ME, Pinotti O, Pirona L (1999) Gender-related differences in polyamine 
oxidase activity in rat tissues. Amino Acids 17: 139-48.

46. Gilad VH (2002) Cyclic changes of plasma spermine concentrations in women. 
Life Sci 72: 135-41.

47. Fiori LM, Turecki G (2010) Association of the SAT1 in/del polymorphism 
with suicide completion. American Journal of Medical Genetics. Part B, 
Neuropsychiatric Genetics 5: 825-9.

http://www.ncbi.nlm.nih.gov/pubmed/23332330
http://www.ncbi.nlm.nih.gov/pubmed/23332330
http://www.ncbi.nlm.nih.gov/pubmed/23992759
http://www.ncbi.nlm.nih.gov/pubmed/23992759
http://www.publish.csiro.au/?nid=226
http://www.publish.csiro.au/?nid=226
http://www.ncbi.nlm.nih.gov/pubmed/23137218
http://www.ncbi.nlm.nih.gov/pubmed/23137218
http://www.ncbi.nlm.nih.gov/pubmed/23137218
http://www.ncbi.nlm.nih.gov/pubmed/20657958
http://www.ncbi.nlm.nih.gov/pubmed/20657958
http://www.ncbi.nlm.nih.gov/pubmed/22850629
http://www.ncbi.nlm.nih.gov/pubmed/22850629
http://www.ncbi.nlm.nih.gov/pubmed/22850629
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1124622/
http://www.nature.com/nrn/journal/v4/n10/abs/nrn1220.html
http://www.nature.com/nrn/journal/v4/n10/abs/nrn1220.html
http://www.ncbi.nlm.nih.gov/pubmed/20451357
http://www.ncbi.nlm.nih.gov/pubmed/20451357
http://www.ncbi.nlm.nih.gov/pubmed/20451357
http://www.ncbi.nlm.nih.gov/pubmed/17721766
http://www.ncbi.nlm.nih.gov/pubmed/17721766
http://www.ncbi.nlm.nih.gov/pubmed/21875455
http://www.ncbi.nlm.nih.gov/pubmed/21875455
http://www.ncbi.nlm.nih.gov/pubmed/23831262
http://www.ncbi.nlm.nih.gov/pubmed/23831262
http://www.ncbi.nlm.nih.gov/pubmed/23831262
http://www.biomedcentral.com/1471-244X/11/151
http://www.biomedcentral.com/1471-244X/11/151
http://www.biomedcentral.com/1471-244X/11/151
http://www.ncbi.nlm.nih.gov/pubmed/22392387
http://www.ncbi.nlm.nih.gov/pubmed/22392387
http://www.ncbi.nlm.nih.gov/pubmed/25005534
http://www.ncbi.nlm.nih.gov/pubmed/25005534
http://www.ncbi.nlm.nih.gov/pubmed/25005534
http://www.ncbi.nlm.nih.gov/pubmed/22059935
http://www.ncbi.nlm.nih.gov/pubmed/22059935
http://www.ncbi.nlm.nih.gov/pubmed/22059935
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0020690
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0020690
http://www.ncbi.nlm.nih.gov/pubmed/24964207
http://www.ncbi.nlm.nih.gov/pubmed/24964207
http://www.ncbi.nlm.nih.gov/pubmed/24964207
http://www.nature.com/nrn/journal/v15/n12/full/nrn3839.html
http://www.nature.com/nrn/journal/v15/n12/full/nrn3839.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2265312/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2265312/
http://www.ncbi.nlm.nih.gov/pubmed/6206782
http://www.ncbi.nlm.nih.gov/pubmed/20212040
http://www.ncbi.nlm.nih.gov/pubmed/20212040
http://www.ncbi.nlm.nih.gov/pubmed/20212040
http://ajpendo.physiology.org/content/294/6/E995
http://ajpendo.physiology.org/content/294/6/E995
http://www.ncbi.nlm.nih.gov/pubmed/16389195
http://www.ncbi.nlm.nih.gov/pubmed/16389195
http://www.ncbi.nlm.nih.gov/pubmed/1417826
http://www.ncbi.nlm.nih.gov/pubmed/1417826
http://www.ncbi.nlm.nih.gov/pubmed/1417826
http://www.ncbi.nlm.nih.gov/pubmed/19051286
http://www.ncbi.nlm.nih.gov/pubmed/19051286
http://www.ncbi.nlm.nih.gov/pubmed/19051286
http://www.ncbi.nlm.nih.gov/pubmed/24025154
http://www.ncbi.nlm.nih.gov/pubmed/24025154
http://www.ncbi.nlm.nih.gov/pubmed/24025154
http://www.ncbi.nlm.nih.gov/pubmed/23768751
http://www.ncbi.nlm.nih.gov/pubmed/23768751
http://www.ncbi.nlm.nih.gov/pubmed/23768751
http://www.ncbi.nlm.nih.gov/pubmed/19446796
http://www.ncbi.nlm.nih.gov/pubmed/19446796
http://www.ncbi.nlm.nih.gov/pubmed/19446796
http://www.ncbi.nlm.nih.gov/pubmed/9717831
http://www.ncbi.nlm.nih.gov/pubmed/9717831
http://www.ncbi.nlm.nih.gov/pubmed/9717831
http://www.ncbi.nlm.nih.gov/pubmed/9717831
http://www.ncbi.nlm.nih.gov/pubmed/10430062
http://www.ncbi.nlm.nih.gov/pubmed/10430062
http://www.ncbi.nlm.nih.gov/pubmed/10430062
http://www.ncbi.nlm.nih.gov/pubmed/10430062
http://www.ncbi.nlm.nih.gov/pubmed/10430062
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0015146
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0015146
http://www.ncbi.nlm.nih.gov/pubmed/16389195
http://www.ncbi.nlm.nih.gov/pubmed/16389195
http://www.ncbi.nlm.nih.gov/pubmed/21501848
http://www.ncbi.nlm.nih.gov/pubmed/21501848
http://www.ncbi.nlm.nih.gov/pubmed/19152344
http://www.ncbi.nlm.nih.gov/pubmed/19152344
http://www.ncbi.nlm.nih.gov/pubmed/19152344
http://www.ncbi.nlm.nih.gov/pubmed/20200507
http://www.ncbi.nlm.nih.gov/pubmed/20200507
http://www.ncbi.nlm.nih.gov/pubmed/469082
http://www.ncbi.nlm.nih.gov/pubmed/469082
http://www.ncbi.nlm.nih.gov/pubmed/23911056
http://www.ncbi.nlm.nih.gov/pubmed/23911056
http://www.ncbi.nlm.nih.gov/pubmed/23911056
http://www.ncbi.nlm.nih.gov/pubmed/17893703
http://www.ncbi.nlm.nih.gov/pubmed/17893703
http://link.springer.com/article/10.1007%2FBF01361877
http://link.springer.com/article/10.1007%2FBF01361877
http://www.ncbi.nlm.nih.gov/pubmed/12417247
http://www.ncbi.nlm.nih.gov/pubmed/12417247
http://www.ncbi.nlm.nih.gov/pubmed/19851986
http://www.ncbi.nlm.nih.gov/pubmed/19851986
http://www.ncbi.nlm.nih.gov/pubmed/19851986

	Title
	Abstract
	Corresponding author
	Keywords
	Introduction
	Materials and Methods 
	Sample
	Ethics Statement
	Clinical Evaluation
	Genotype Assay

	Statistical Analysis
	Results
	Discussion
	Acknowledgements
	Disclosure 
	Table 1
	Table 2
	References

