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Abstract: Genetics is responsible for 80% of androgenetic alopecia (AGA) predisposition. Several single nucleotide 
polymorphisms (SNPs) have been linked to AGA risk and the metabolism of its first-line therapies. Genotypic and 
allelic frequencies have not been described in Mexican individuals; therefore, the aim of this study was to describe 
the genetic distribution of SNPs associated with AGA predisposition and drug metabolism. Using Real Time-PCR, we 
genotyped SNPs rs4827528 (AR), rs7680591 (FGF5), rs1042028, rs1042157, rs788068 and rs6839 (SULT1A1) 
and rs776746 (CYP3A5) in 125 (controls = 60, cases = 65) male volunteers from Northern and Western Mexico. 
The SULT1A1 SNPs rs1042028 (C/T) and rs788068 (T/A/C) resulted in a 100% distribution of the ancestral al-
lele C and mutated allele A, respectively; rs1042028 diverges from the previously reported frequency, while the 
rs788068 ancestral allele was found to be more predominant than the reported frequency. Rs1042028, rs788068 
and rs4827528, were not in Hardy-Weinberg (HW) equilibrium; conversely, rs1042157 and rs6839, rs776746, and 
rs7680591 followed HW principles. A statistically significant difference (P<0.05) was obtained for the rs1042157 
allelic frequency between cases and controls in Western Mexico. We reported the genotypic and allelic frequencies 
of seven polymorphisms in Mexican individuals from Northern and Western Mexico. 

Keywords: Androgenetic alopecia, Mexican population, genotyping, genetic distribution, predisposition, drug 
metabolism

Introduction

Androgenetic alopecia (AGA) is an inheritable 
trait; it is the most frequent cause of hair loss in 
males and females [1]. In males, there is a typi-
cal pattern of progressive hair loss located in 
the frontal area and up to the vertex; female 
pattern hair loss presents with diffuse thinning, 
but the frontal hairline is preserved [2]. AGA 
prevalence depends on age and ethnicity, e.g. 
Caucasian males have a 50% chance of devel-
oping AGA by the age of 50, while by the age of 
70 there is an 80% chance, however in Asian 
and African American populations, the proba-
bility of developing AGA is lower [3]. AGA sever-
ity is determined using the Hamilton-Norwood 
(HN) Scale for Male Pattern Baldness [2], or the 

Sinclair Hair Shedding Scale for Female Pattern 
Hair Loss [4]. Other diagnostic methods include 
dermatoscopy [5], scalp biopsy and trichogram, 
some of which are invasive techniques [6].

AGA is multifactorial and it is likely caused by 
hormonal (5-alpha-dihydrotestorone, DHT, bin- 
ds to androgen receptors, which causes hair  
follicle miniaturization and shortening of the 
anagen phase of the hair cycle), lifestyle (daily 
habits, hair product usage, diet, etc.) and genet-
ic factors [7]. Genetics is the most important 
factor, determining 80% of AGA predisposition 
[8].

AGA predisposition has been associated with 
numerous genes, including androgen receptor 
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gene (AR), the first one to be associated with 
AGA, and fibroblast growth factor 5 (FGF5) [7, 
9-11]. FGF5 has been established as a predis-
position gene because of its involvement in 
anagen phase regulation [9, 10]. The sulfo-
transferase family 1A member 1 (SULT1A1), 
and cytochrome P450 family 3 subfamily A 
member 5 (CYP3A5) genes code for proteins 
that regulate the metabolism of several first-
line therapies used in AGA [12-14].

Several AR single nucleotide polymorphisms 
(SNPs) have been identified, including rs48- 
27528, rs5919393 and rs6152. Rs4827528 
(A/G/T/C) has the closest association with AGA 
(OR = 3.4) [10]. Androgen receptors have a fun-
damental role in the development of AGA as 
excessive androgen binding (e.g. testosterone 
and DHT) causes hair follicle miniaturization. 
Fibroblast growth factor 5 (FGF5) is an anagen 
phase inhibitor that promotes the transition 
from anagen to catagen phase. Furthermore, it 
regulates cellular proliferation and differentia-
tion. Currently, only one FGF5 polymorphism, 
rs7680591 (T/A/G), shows a direct correlation 
with AGA. This marker increases gene expres-
sion and results in a shortened anagen phase 
[9, 10].

SULT1A1 codes for a catalytic enzyme res- 
ponsible for the bioactivation of xenobiotics, 
endogenous compounds, drugs, hormones and 
neurotransmitters. Bioactivation is carried out 
by the addition of a sulfonate group to a hy- 
droxyl or amino group. Minoxidil, one of the  
first line treatment for AGA, is a SULT1A1  
substrate [14]. SNPs like rs1042157 (G/A/C), 
rs6839 (T/C), rs788068 (T/A/C) and rs10420- 
28 or SULT1A1*2 (C/T) have been associated 
with decreased enzymatic activity [13, 15, 16].

CYP3A5 codes for a cytochrome P450 mem-
ber, which is a monooxygenase that catalyzes  
a range of reactions involved in drug metabo-
lism (e.g.finasteride), cholesterol, steroid, and 
other lipid syntheses [17]. SNPs such as 
rs15524 and rs776746 alter the enzyme func-
tion, also, both polymorphisms are related  
to a higher finasteride concentration, still the 
rs776746 or CYP3A5*3 (T/C) produces a cry- 
ptic splice site and the premature termination 
of the enzyme, thus the CYP3A5 expression is 
lost [12]. In this case, genotype C/C increases 
finasteride concentration, and therefore, it is  
a 5-alpha-reductase (responsible for the tes-
tosterone to DHT conversion) inhibitor.

Currently, there are no genotyping studies in 
native Mexican population related with AGA 
(predisposition and drug metabolism). The lat-
ter is relevant to prescribe a precise treatment 
to the AGA patient. So, the aim of this inves- 
tigation was to evaluate the genetic distribu- 
tion of AGA related polymorphisms rs4827528 
(AR), rs7680591 (FGF5), rs1042028, rs10- 
42157, rs788068 and rs6839 (SULT1A1) and 
rs776746 (CYP3A5) in male volunteers from 
Northern and Western Mexico.

Materials and methods

Ethical statement

This protocol has been approved (register num-
ber CIDICIS/I-0127/20) by the Ethics, Research 
and Biosafety Committees of the Research and 
Development Center in Health Sciences (Centro 
de Investigación y Desarrollo en Ciencias de la 
Salud, CIDICS) of the Universidad Autonoma de 
Nuevo Leon (UANL) in Monterrey, Nuevo Leon, 
Mexico. In agreement with the pertinent re- 
search and health legislation (Reglamento de 
la Ley General de Salud), second title, chapter 
1, article 17, section II, this kind of study is  
classified with the minimum risk. Therefore, 
regulatory approval by the Mexican Health 
Ministry is not required. This protocol has been 
conducted in agreement with the Good Clini- 
cal Practices Guidelines of the International 
Conference on Harmonization (ICH- E6-R1),  
the Mexican norms NOM-012-SSA3-2012 and 
NOM-220-SSA1-2016, and the current research 
and health legislation and other legal disposi-
tions that applied. The volunteers’ name and 
data are confidential, and they are kept as  
professional secret. All volunteers understood, 
accepted, and provided informed consent. The 
results, identity and medical records of the  
volunteers are protected according to the 
NOM-168-SSA1-1998.

Patients and samples

From June 2021 to September 2021, we 
recruited 125 male volunteers in Monterrey, 
Nuevo Leon and Guadalajara, Jalisco, México.

Inclusion criteria: All participants were from 18 
to 65 years old. The volunteers were divided in 
two groups in each region (North and West): 1. 
Control group (volunteers without AGA) and 2. 
AGA or cases group (volunteers with AGA 
between category II and IV of the Hamilton-
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Norwood Scale) (Hamilton, 1951). Both groups 
included participants whose parents, at least 
one paternal grandparent, and at least one 
maternal grandparent were born in Northern 
(Chihuahua, Coahuila, Nuevo Leon, Sonora, 
Tamaulipas, Durango, Baja California, Baja 
California Sur) or Western (Sinaloa, Nayarit, 
Aguascalientes, Jalisco, Colima, Michoacán, 
Guanajuato) Mexico. 

Exclusion criteria: There were no female volun-
teers in this study. All volunteers, controls and 
cases, were exempt of a clinical diagnosis of 
alopecia areata, trichotillomania, traction alo-
pecia, scarring alopecia, telogen effluvium, dis-
coid or systemic erythematosus lupus, and  
thyroid disease present during the study or 
without control (at least 6 months of treatment 
with an endocrinologist), malignant neoplasm 
in the last 5 years (except non melanoma  
skin cancer). We did not recruit volunteers 
under hormonal replacement therapy or with 
any hormonal condition with a direct impact in 
the hair growth cycle, with a BMI <22 or with 
ancestors born in any other state than the ones 
mentioned. 

Saliva samples were collected from the volun-
teers using a non-invasive saliva collection kit, 
Oragene DNA-OG 500 (DNA Genotek, Canada). 
DNA was extracted to determine the presence 
or absence of the mentioned SNPs. The geno-
typing study length was 11 months, includ- 
ing the recruitment, processing and analysis 
phases.

Hamilton-norwood evaluation

All patients were diagnosed and assigned to a 
control or case group by a certified dermatolo-
gist using the Hamilton-Norwood scale [2] as 
follows: Type II: The anterior border of the hair-

line in the frontoparietal regions has triangular 
areas of recession, which tend to be symme- 
trical and extend no farther posteriorly than a 
point of 3 cm, anterior to a line drawn in a co- 
ronal plane between the external auditory 
meatuses. Hair is also lost, or sparse, along  
the midfrontal border of the scalp, but the 
depth of the affected area is much less than  
in the frontoparietal regions.

Type III: Borderline cases were listed separately 
as Type III, which also included scalps in which 
classification is rendered inaccurately due to 
scars, lateral asymmetry in denudation, unusu-
al types of sparseness and thinning of the hair, 
and other factors.

Type IV: It represents the minimal hair loss  
considered sufficient to represent baldness. 
There are deep frontotemporal recessions, 
usually symmetrical, and they are either bare  
or covered very sparsely by hair. These reces-
sions extend farther posteriorly than a point, 
which lies 3 cm anterior to a coronal line drawn 
between the external auditory meatuses. If  
hair is sparse or lacking as a broad band  
along the entire anterior border of the hair- 
line, it is classified as Type IVA.

rhApm SNP assay genotyping

For the DNA extraction and purification from 
the saliva samples the PureLink™ Genomic 
DNA Mini Kit (Thermo Fisher Scientific, USA) 
was used, following the supplier instructions 
(total volume after elution was 50 microliters, 
µL). Quantification was performed using the 
Qubit dsADN HS (Thermo Fisher Scientific, USA) 
and Qubit 3.0 Fluorometer (Thermo Fisher 
Scientific, USA). For each reaction 2 µL of the 
sample and 198 µL of the solution stock (1 µL 
Qubit dsDNA HS Reagent + 199 µL Qubit ds- 
DNA HS Buffer) were added.

Genotyping was performed with the rhAmp  
SNP Assay (Integrated DNA Technologies, IDT, 
USA) (Table 1) and the Real-time Polymerase 
Chain Reaction (qPCR) technique in a CFX96 
Touch-Real Time PCR Detection System (Bio-
Rad Laboratories, USA). As positive controls, 
gBlocks® Gene Fragments (Integrated DNA 
Technologies, IDT, USA) were used. Reaction 
components were stock solution 5.3 µL, rhAmp 
SNP Assay (20X) 0.05 µL, nuclease-free water 
4.2 µL with a final volume of 10 µL. Ther- 
mocycling conditions were followed according 
to manufacturer.

Table 1. rhAmp SNP Assay design IDs (Inte-
grated DNA Technologies, IDT)
Gene SNP Design ID
AR Rs4827528 Hs.GT.rs4827528.G.1
FGF5 rs7680591 Hs.GT.rs7680591.A.1
CYP3A5 rs776746 Hs.ADME.rs776746.C.1
SULT1A1 rs1042028 CD.GT.CGFP1420.1

rs1042157 CD.GT.NQFT9529.1
rs6839 CD.GT.NTVL6110.1
rs788068 CD.GT.VXLQ2918.1

SNP: Single Nucleotide Polymorphism.
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Statistical analysis 

To statistically analyze the study results, Hardy-
Weinberg Equilibrium (HW, 1 = p2 + 2pq + q2) 
and square chi (χ2 = Σ [(O-E) 2/E]) were applied. 
The HW was used to determine if the popula-
tions were in equilibrium (p-value <0.05). The 
non-parametric square chi analysis was used 
to analyze the allelic and genotypic frequen-
cies. Results were considered statistically sig-
nificant with p-value <0.05. IBM SPSS package 
(v 2.0, IBM USA) was used to perform the 
analysis.

Results

Patients and samples

This case-control study included 125 volun-
teers (65 cases and 60 controls). The mean 
age was 29.87 years for the controls and 34.77 
years for the cases, being 18-33 the group age 
with the highest frequency in the controls 
(66.7%) and the 31-43 in the cases group 
(41.6%). According to the HN scale, the 53.5% 
of volunteers within the cases presented a low 
moderate AGA (III). Control and cases group 
age distribution, mean BMI and volunteers per 
HW scale groups are shown in Table 2.

Genotypic and allelic frequencies

Considering the whole population (North/West) 
without separating by region, genotypic fre-
quencies (Gf) were obtained (Table 3) for  
each SNP. In both groups, the polymorphisms 
rs1042028 and rs788068 (SULT1A1) got a 

100% distribution of genotypes C/C and A/A, 
respectively. The rs4827528 (AR) presented  
a Gf of 0.90 for genotype G/G in controls  
and cases. Furthermore, genotypes G/A of 
rs1042157 and T/C of rs6839 (SULT1A1) and 
T/A of rs7680591 (FGF5) were predominant 
with 0.47, 0.45 and 0.53, respectively for con-
trols and 0.61, 0.46 and 0.44, respectively for 
cases. Among both groups, SNP rs776746 
(CYP3A5) there was a predominance for re- 
cessive genotype C/C.

Allelic frequencies (Af) were calculated for each 
SNP (Table 4). The ancestral allele for SULT1A1 
polymorphisms rs1042028 (C), rs1042157 (G), 
rs6839 (T) and rs788068 (T) was found in 
100% (120/120, Af = 1.00), 45% (54/120, Af = 
0.45), 51% (61/120, Af = 0.51) and 0% (0/120, 
Af = 0.00), respectively in the controls and 
100% (130/130, Af = 1.00), 52% (67/130, Af = 
0.52), 44% (58/130, Af = 0.44) and 0% (0/130, 
Af = 0.00) in the cases. In contrast, the mutat-
ed allele (T, A, C and A respectively) had a distri-
bution of 0% (0/120, Af = 0.00), 55% (66/120, 
Af = 0.55), 49% (59/120, Af = 0.49) and 100% 
(120/120, Af = 1.00) in the controls and 0% 
(0/130, Af = 0.00), 48% (63/130, Af = 0.48), 
55% (72/130, Af = 0.55) and 100% (130/130, 
Af = 1.00) in the AGA group. Ancestral alleles T, 
T and A were identified in 25% (30/120, Af = 
0.25), 53% (64/120, Af = 0.53) and 10% 
(12/120, Af = 0.10) of the controls, and 18% 
(23/130, Af = 0.18), 43% (56/130, Af = 0.43) 
and 10% (14/130, Af = 0.10) of the cases for 
rs776746, 7680591 and rs4827528 polymor-
phisms; while mutated alleles C, A and G were 

Table 2. Control and cases group age distribution, mean BMI and volunteers per HW scale groups

Region
Control Group Cases (AGA Group)

North West Total North West Total
n (%) 30 (50.0%) 30 (50.0%) 60 32 (49.23%) 33 (50.77%) 65
Mean age (years) 31.5 28.23 29.87 37.81 31.72 34.77
n age groups (years)
    18-30 18 (30.0%) 22 (36.7%) 40 (66.7%) 7 (10.8%) 18 (27.7%) 25 (38.5%)
    31-43 6 (10.0%) 6 (10.0%) 12 (20.0%) 15 (23.1%) 12 (18.5%) 27 (41.6%)
    44-56 5 (8.3%) 2 (3.3%) 7 (11.7%) 9 (13.9%) 3 (4.6%) 12 (18.5%)
    57-65 1 (1.7%) 0 (0.0%) 1 (1.7%) 1 (1.6%) 0 (0.0%) 1 (1.6%)
Mean BMI 26.2 28.61 27.41 28.23 26.03 27.13
n HN scale (%)
    II n/a n/a n/a 5 (27.78%) 13 (72.22%) 18
    III n/a n/a n/a 14 (46.67%) 16 (53.33%) 30
    IV n/a n/a n/a 13 (76.47%) 4 (23.53%) 17
AGA: Androgenetic Alopecia; BMI: Body Mass Index; HN: Hamilton-Norwood; n/a: Not Applicable.
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Table 3. Volunteers’ genotypic frequencies showed by polymorphisms, group and region with their HW 
equilibrium p-value

SNP Group Region
n (Genotypic frequencies) HW equilibrium

AA Aa aa p-value
rs1042028 Control North 30 (0.50) 0 (0.0) 0 (0.0) n/a

West 30 (0.50) 0 (0.0) 0 (0.0) n/a
North/West 60 (1.00) 0 (0.0) 0 (0.0) n/a

Cases North 32 (0.50) 0 (0.0) 0 (0.0) n/a
West 33 (0.50) 0 (0.0) 0 (0.0) n/a

North/West 65 (1.00) 0 (0.0) 0 (0.0) n/a
rs1042157 Control North 8 (0.13) 13 (0.22) 9 (0.15) 0.468

West 5 (0.08) 15 (0.25) 10 (0.17) 0.875
North/West 13 (0.21) 28 (0.47) 19 (0.32) 0.657

Cases North 4 (0.06) 19 (0.30) 9 (0.14) 0.219
West 10 (0.15) 20 (0.31) 3 (0.04) 0.121

North/West 14 (0.21) 39 (0.61) 12 (0.18) 0.104
rs6839 Control North 6 (0.10) 18 (0.30) 6 (0.10) 0.273

West 11 (0.18) 9 (0.15) 10 (0.17) 0.028
North/West 17 (0.28) 27 (0.45) 16 (0.27) 0.439

Cases North 3 (0.04) 15 (0.23) 14 (0.22) 0.721
West 11 (0.17) 15 (0.23) 7 (0.11) 0.656

North/West 14 (0.21) 30 (0.46) 21 (0.33) 0.596
rs788068 Control North 0 (0.0) 0 (0.0) 30 (0.5) n/a

West 0 (0.0) 0 (0.0) 30 (0.5) n/a
North/West 0 (0.0) 0 (0.0) 60 (1.00) n/a

Cases North 0 (0.0) 0 (0.0) 32 (0.5) n/a
West 0 (0.0) 0 (0.0) 33 (0.5) n/a

North/West 0 (0.0) 0 (0.0) 65 (1.00) n/a
rs776746 Control North 3 (0.05) 11 (0.18) 16 (0.27) 0.594

West 2 (0.03) 9 (0.15) 19 (0.32) 0.524
North/West 5 (0.08) 20 (0.33) 35 (0.59) 0.389

Cases North 0 (0.0) 15 (0.23) 17 (0.26) 0.083
West 0 (0.0) 8 (0.12) 25 (0.39) 0.428

North/West 0 (0.0) 23 (0.35) 42 (0.65) 0.083
rs7680591 Control North 6 (0.10) 18 (0.30) 6 (0.10) 0.273

West 10 (0.17) 14 (0.23) 6 (0.10) 0.785
North/West 16 (0.27) 32 (0.53) 12 (0.20) 0.580

Cases North 3 (0.4) 16 (0.25) 13 (0.20) 0.540
West 11 (0.17) 12 (0.19) 10 (0.15) 0.118

North/West 14 (0.21) 28 (0.44) 23 (0.35) 0.326
rs4827528 Control North 3 (0.05) 0 (0.0) 27 (0.45) <0.001*

West 3 (0.05) 0 (0.0) 27 (0.45) <0.001*
North/West 6 (0.10) 0 (0.0) 54 (0.90) <0.001*

Cases North 3 (0.04) 0 (0.0) 29 (0.45) <0.001*
West 4 (0.06) 0 (0.0) 29 (0.45) <0.001*

North/West 7 (0.10) 0 (0.0) 58 (0.90) <0.001*
SNP: Single Nucleotide Polymorphism; HN: Hamilton-Norwood; A: Ancestral allele; a: Mutated allele; n/a: Not Applicable. *Sig-
nificant result (p-value <0.05).
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reported respectively in 75.0% (90/120, Af = 
0.75), 47% (50/120, Af = 0.47) and 90% 
(108/120, Af = 0.90) in the controls, and 82% 
(107/130, Af = 0.82), 57% (74/130, Af = 0.57) 
and 90% (116/120, Af = 0.90) in the AGA group. 

A statistical analysis was performed to estab-
lish if the behavior of the alleles and genotypes 
complied with the HW equilibrium in the con-
trols. It was observed that rs1042157 (χ2 = 
0.196, P = 0.657) and rs6839 (χ2 = 0.597, 
p-value = 0.439) of SULT1A1, rs776746 (χ2 = 
0.740, p-value = 0.389) of CYP3A5 and 
rs7680591 (χ2 = 0.306, p-value = 0.580) of 
FGF5, were in HW equilibrium, considering the 
population as a whole. The rs1042028 and 
rs788068 of SULT1A1, and rs4827528 (χ2 = 
61, p-value <0.001) of AR, did not show any 
behavior according to what is postulated by  
the HW law.

Group comparative analysis

Using the χ2 test, a comparative analysis of the 
genotypic and allelic frequencies of the seven 

SNPs under evaluation, was performed be- 
tween the cases and the control groups. The 
comparison between groups was made in both 
ways: 1) without considering geographic areas 
and 2) separating the total population by geo-
graphic regions. The comparative analysis 
when considering the population as one, did 
not show significant differences between the 
allelic and genotypic distribution of the cases 
and the control groups (p-values >0.05). 
However, when making the comparison con- 
sidering the regions separately, there was a 
statistic difference in the West volunteers 
between the cases and the controls when the 
allelic frequency was analyzed, corresponding 
to rs1042157 (SULT1A1) (P<0.05).

Discussion and conclusion

Case-control studies have been used in gene- 
tic investigations to evaluate the genetic pre-
disposition to human conditions and identify 
SNPs that can help to develop better prognosis 
and treatments [22]. To elucidate the influence 
of the genetic factor in AGA development, many 

Table 4. Volunteers’ allelic frequencies showed by polymorphisms, group and region with their p-value

SNP Group
Allelic frequencies per region

North West North/West
A a A a A a

rs1042028 Control 60 (0.50) 0 (0.0) 60 (0.50) 0 (0.0) 120 (1.00) 0 (0.0)
Cases 64 (0.49) 0 (0.0) 66 (0.51) 0 (0.0) 130 (1.0) 0 (0.0)
p-value n/a n/a n/a

rs1042157 Control 29 (0.24) 31 (0.26) 25 (0.21) 35 (0.29) 54 (0.45) 66 (0.55)
Cases 27 (0.21) 37 (0.28) 40 (0.31) 26 (0.20) 67 (0.52) 63 (0.48)
p-value 0.4919 0.0336* 0.3014

rs6839 Control 30 (0.25) 30 (0.25) 31 (0.26) 29 (0.24) 61 (0.51) 59 (0.49)
Cases 21 (0.16) 43 (0.33) 37 (0.28) 29 (0.22) 58 (0.44) 72 (0.55)
p-value 0.0519 0.6212 0.3254

rs788068 Control 0 (0.0) 60 (0.50) 0 (0.0) 60 (0.50) 0 (0.0) 120 (1.00)
Cases 0 (0.0) 64 (0.49) 0 (0.0) 66 (0.51) 0 (0.0) 130 (1.00)
p-value n/a n/a n/a

rs776746 Control 17 (0.14) 43 (0.36) 13 (0.11) 47 (0.39) 30 (0.25) 90 (0.75)
Cases 15 (0.12) 49 (0.38) 8 (0.06) 58 (0.44) 23 (0.18) 107 (0.82)
p-value 0.5335 0.1510 0.1578

rs7680591 Control 30 (0.25) 30 (0.25) 34 (0.28) 26 (0.22) 64 (0.53) 56 (0.47)
Cases 22 (0.17) 42 (0.32) 34 (0.26) 32 (0.25) 56 (0.43) 74 (0.57)
p-value 0.0780 0.5623 0.1049

rs487528 Control 6 (0.05) 54 (0.45) 6 (0.05) 54 (0.45) 12 (0.10) 108 (0.90)
Cases 6 (0.04) 58 (0.45) 8 (0.06) 58 (0.45) 14 (0.10) 116 (0.90)
p-value 0.9064 0.6150 0.8422

SNP: Single Nucleotide Polymorphism; A: Ancestral allele; a: Mutated allele; n/a: Not Applicable. *Significant result (p-value 
<0.05).
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researchers have done the analysis of genes 
associated to processes involved in the AGA 
pathogeny, e.g. AR gene that has been identi-
fied to take part in the sexual steroids route 
[18], besides, evidence of high AR expression 
levels in AGA patients have been found [19-21]. 
The current study aimed to report the allelic 
and genotypic frequencies of seven SNPs pos-
sibly associated with AGA development and 
drug metabolism in Mexican population.

From the seven included SNPs, rs4827528 of 
AR gene and rs7680591 of FGF5 gene are  
recognized as AGA predisposition polymor-
phisms; while rs1042028, rs1042157, rs78- 
8068, and rs6839 of SULT1A1 gene, and 
rs775746 of CYP3A5 gene, may be associated 
to the drug metabolism used in AGA tre- 
atment. 

Even though the Af are consistent with the ones 
reported in LA Mexican residents (California, 
U.S.A), Latin-American and American popula-
tion, depending on the case, the SULT1A1 
SNPs rs1042028 (C/T) and rs788068 (T/A/C) 
showed a 100% distribution of the ancestral 
allele C and mutated allele A, respectively; 
rs1042028 diverges from the previous report-
ed frequency (100% for the mutated allele) 
[23], while the rs788068 ancestral allele was 
found to be more predominant than the re- 
ported frequency (45% for allele T) [24]. Neither 
rs1042028 nor rs788068 SNPs of SULT1A1 
gene, plus the AR polymorphism rs4827528, 
were in HW equilibrium; conversely, rs1042157 
and rs6839 of SULT1A1, rs776746 of CYP3A5 
and rs7680591 of FGF5 followed the HW 
principles. 

HW equilibrium is used as a quality control to 
detect genotyping errors in genetic studies, 
however disequilibrium (HWD) could occur for 
other reasons like chance, genome location, 
HW principles failure or the genetics of the con-
dition per se [25]. Besides, the HWD can be 
expected in case-control studies in specific 
locus and small samples [26]. We believe that, 
it is the case of AR SNP (rs4827528), which is 
located in chromosome X and its distribution is 
different from autosomal SNPs [27]. While in 
other studies, the AR SNP has been found to be 
in HW equilibrium [7, 9, 10], in this protocol the 
HWD can be the result of the limited sample 
size and the SNP location in chromosome X. 

Despite the vast SNP diversity analyzed and 
the limited sample size, we could identify a  
significant difference (p-value = 0.024) in Af 
(mutated allele A) of rs1042157 (SULT1A1) 
between cases and controls in the Western 
region. Nevertheless, interestingly, when we 
analyzed the full population (North and West 
together) and Northern region alone, we could 
not identify that difference. It may be explained 
by the population’s racial composition in differ-
ent geographic regions of Mexico. 

Racial ancestry studies that have been con-
ducted in Mexico tend to cluster the Northern 
and Western regions as one due to the similar 
ancestry proportions (~60-80% European, ~21-
25% Amerindian, ~13-20% Eurasian and ~1-9% 
African) [28-30]. All studies concluded that, 
European ancestry is predominant in Northern 
and Western population, but there are signifi-
cant differences in Amerindian and African 
ancestry percentages, e.g. 5% and 12% Ame- 
rindian ancestry for Northern and Western 
region, respectively [28]. 

Different results could be explained by the 
markers used in the study, their location and 
sample size. Regarding the markers and their 
genomic location, mitochondrial, autosomal 
and Y-linked markers elucidate the admixture 
bias resulting from sex. In Nuevo Leon state 
(Northern region), the main Y-chromosome con-
tribution comes predominantly from European 
males (78%) [31]; in contrast, the maternal 
counterpart (mitochondrial DNA) had Ame- 
rindian predominance in Northern (89.1%) and 
Western (82%) Mexico [32]. It was previously 
stated that the paternal and maternal propor-
tions are due to the fact that it was common  
for male Europeans and female Native Ame- 
ricans to breed, and not otherwise [30]. In addi-
tion, the use of autosomal markers produces 
different ancestry proportions; A study report-
ed 56% Amerindian and 38% European ances-
try in Nuevo Leon state [31], similar to the data 
published in another study for the northern 
state of Coahuila, where the estimated Ame- 
rindian ancestry was 55.6% [33]. Opposite 
results could be due to the genetic intrapo- 
pulation structure, which includes socioeco-
nomic and educational factors as demonstrat-
ed in Mexico City population [32] and ethnic 
groups located in each region, like Chichimecas 
in the North [34] and Huicholes in the West 
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[29]. Our results, considering the analysis with 
one chromosome X, and six autosomal mark-
ers, and the regions chosen for the study, could 
be explained by the aforementioned data: the 
lack of significant differences when analyzing 
the North population alone, and the significant 
difference between cases and controls in the 
Af of Western Mexico.

Even though SULT1A1 is not a gene that relates 
to biosynthetic routes or response to sexual 
steroids, the fact that we reported the signifi-
cantly different polymorphism between cases 
and controls is relevant because of its partici-
pation in the minoxidil conversion to its bioac-
tive form [14]. Certain SNPs could negatively 
affect the sulfotransferase activity of SULT1A1 
enzyme, which could directly affect the AGA 
treatment response to minoxidil, being its 
active form conjugated to a sulfate group. 

As we have recognized along the manuscript, 
the main shortcoming of the present study was 
the sample size. Although this was a pilot study, 
the number of cases and controls recruited 
allowed us to perform a full statistical analysis. 
However, we do not discard to increase sample 
size avoiding HWD and facilitating the observa-
tion of statistical differences which remain as 
tendences in the present study. For example, 
AR gene SNP was expected to show differences 
between study groups and only showed ten-
dences (P = 0.05), although we must take into 
consideration that most cases were younger 
than 50 years old, so it’s possible that they 
could be genetically predisposed to AGA but 
have not clinically present it yet.

The present study reported the genotypic and 
allelic frequencies of seven polymorphisms 
before mentioned in Northern and Western 
Mexican population, and the possible asso- 
ciation for rs1042157 (SULT1A1). Now, it is 
necessary to increase sample size to investi-
gate the possible association of the SNPs with 
the genetic AGA predisposition. And to perform 
a new protocol to study the possible associa-
tion with the response to treatment using first 
line therapeutic drugs for AGA (Minoxidil and 
Finasteride) with the intention of personalizing 
AGA’s treatment in Mexican population.
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