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Abstract

Background: Androgenetic alopecia, also known as male pattern baldness, is a common form of hair loss influenced by
environmental, hormonal, and genetic factors. According to recent research, the PITX2 gene may play a key role in the
pathophysiology of androgenetic alopecia (AGA).

Objective: This study examines the association between genetic variants of the PITX2 gene and AGA risk.

Methods: The genomic DNA was extracted from peripheral blood samples collected from 70 male AGA patients and 60
non-androgenetic alopecia controls. The isolated DNA was quantified and the genotype for three PITX2 polymorphisms
(rs2200733, rs10033464, and rs13143308) was identified using TagMan assays. The statistical analysis was done to determine
the allele frequency of genetic variants between AGA and non-AGA groups.

Result: The demographic profile of the study population showed that the AGA and non-AGA groups differed in age. The
AGA group had higher blood pressure, a higher prevalence of smoking, alcohol consumption, metabolic syndrome, insulin
resistance, and a higher incidence of family history. Through genetic analysis, significant correlations were found between
AGA risk and specific PITX2 polymorphisms, significantly with the rs2200733 allele (OR = 6.08, p < 0.001%*), the rs1003464
G allele (OR =2.02, p < 0.019*) and the rs13143308 showed GT genotype (OR =4.26, p < 0.001%).

Conclusion: Based on our findings, the PITX2 polymorphisms may play a vital role in the development of AGA. This study
also found the interactions between genetic and environmental factors in AGA pathogenesis.

Key words: PITX2, Androgenetic alopecia, Single nucleotide polymorphism, Genetic variation.

Introduction

Androgenetic alopecia (AGA), or male pattern baldness,
results from genetic, hormonal, and environmental factors
affecting hair follicles. This widespread dermatological

disorders, cardiovascular diseases, hypertension.® insulin
resistance,’” abnormal lipid profiles,® obesity, smoking,” and
mental health issues. Recent research findings demonstrate
a statistically significant correlation between androgenetic

condition affects 85% of men and 40% of women globally.'-
In India, the prevalence rate among males aged 30-50
years is high as 58%.° AGA is often accompanied by
comorbidities such as metabolic syndrome, endocrine

alopecia (AGA) and coronary artery diseases'® particularly
among younger patients when compared to a control group.'
Previous studies have indicated that AGA patients may be
at increased risk of developing cardiovascular diseases'? and
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metabolic syndrome' with a higher risk observed in those
experiencing severe balding'

PITX2 is a homeobox gene that encodes for a transcription
factor PITX2 which is present in chromosome 4. PITX2
is involved in the pituitary, eye, tooth, and skeletal muscle
formation, particularly in the left-right asymmetry of the
heart, and other developmental processes.'>!” Several
diseases, including appendicitis, atrial fibrillation's, and
Axenfeld-Rieger syndrome,' have been linked to genetic
variants in or near the PITX2 gene. The PITX2 contributes
to AGA by regulating specific genes via the Wnt/B-catenin
signalling pathway, which is essential for the growth of
hair follicles.”® One important mediator of AGA is the
androgen receptor (AR), whose expression may be regulated
by PITX2. The hair follicle growth cycle is modulated by
AR through its binding to dihydrotestosterone (DHT), a
potent androgen derived from testosterone. PITX2 may also
have an impact on 5-alpha reductase activity which is the
enzyme responsible for converting testosterone to DHT. To
clarify the molecular mechanisms underlying androgenetic
alopecia, additional research is necessary as the precise role
of PITX2 in this condition. In the patients with AGA, levels
of PITX2 expression were significantly lower than in non-
balding subjects.?’ Downregulating PITX2 may result in
increased AR activity and hair loss because it may function
as a negative regulator of AR expression. Comparing
androgenetic alopecia patients’ hair follicles to those of
healthy controls revealed an increase in PITX2 expression.*
According to these studies, PITX2 may function as a positive
regulator of 5-alpha reductase expression, and hair loss and
increased DHT production may be the consequences of its
overexpression. According to a genome-wide association
study, men who have a variant of PITX2 are more likely to
experience androgenetic alopecia. PITX2 was found to be
expressed less in balding scalps than in non-balding scalps
and it was found to control the expression of genes linked to
the hair growth cycle. As a result, PITX2 could be a promising
target for the treatment of androgenetic alopecia because it
regulates the expression which promotes hair growth rather
than inhibits it. By understanding PITX2 role in androgenetic
alopecia, which leads to the development of personalised
gene-based therapies. Our research attempts to explore the
possible relationship between androgenetic alopecia and
genetic variations in the 4g25 region of the PITX2 gene. The
results of the current study could improve our knowledge
in understanding of the genetic architecture of androgenetic
alopecia.

Materials and methods

Subject selection and DNA isolation

In this case-control study, we recruited 70 androgenetic
alopecia patients and 60 non-androgenetic controls from a
tertiary care hospital in Puducherry, India. The Institutional
Human Ethical Committee of our institute approved the
study with reference number AVMC/IEC2019/63. All the
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participants signed their consent forms after clarifications
with the research assistant. The 2 mL of blood samples
were collected from study participants in Ethylene Diamine
Tetra-Acetic acid (EDTA) -coated blood collection tubes.
Genomic DNA was isolated from 200 pl of blood sample
using QIAamp DNA Blood Mini Kit (Qiagen, Germany)
followed by manufacture protocol. Isolated DNA samples
were stored at —20°C until use. The DNA bands were checked
by using Agarose gel electrophoresis and quantified by using
Nanodrop.

Genotyping of PITX2 gene SNPs

The Single nucleotide polymorphism (SNP) rs2200733,
rs10033464, and rs13143308 genotyping was performed
using a TagMan assay kit (Thermo Scientific) in Quant
studio 5 Real-Time PCR System. Briefly, 1 pl of 50 ng of
genomic DNA was added with 5 pl of 2% master mix, 0.25 pl
of 20x SNP assay mix, and 3.75 pl of nuclease-free water to
make a final volume of 10 pl. The thermal cycler program
was set as 10 min at 95°C, 40 cycles of 20 s at 95°C, and
30 s at 60°C.

Data analyses

The genotyping was done in Quant Studio 5 Real-Time PCR
Systems with Quant Studio design and analysis software
v1.5.2. Data analysis was carried out by Microsoft Excel
version 19 and SPSS version 28 version. Data are presented as
frequencies and percentages. The chi-square test was used to
find any significant association between qualitative variables.
A p-value of 0.05 was taken as the margin for establishing
statistical significance. The diagrammatic flow chart of the
workflow is shown in Figure 1.

Study Population

|

v . h 4
Androgenetic Alopecia Patient Healthy Individual
(cases n=70) (Controls n=60)

v

Collect the 2 ml of Peripheral blood

\

4 ® k4
Genetical Analysis Clinical Laboratory test:

Isolate the DNA using the QIlAamp Lipid Profile, Blood Sugar; Systolic/
Blood Mini Kit (Qiagen, Hilden, Diastolic Blood Pressure, Fasting Blood
Germany) Sugar level

¥
Study the genetic variation of the PITX2 gene (rs2200733, rs10033464, and
rs13143308) using TagMan assay in Real-Time PCR.

.
Comparison of alleles and genotypes between cases and controls

!

Identification of potential risk factor

Figure 1: Flow chart shows the workflow of methodology.
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Results

Baseline characteristics of the study population

The demographics of the study population included 70
subjects with androgenetic alopecia (AA) and 60 controls
with non-androgenetic alopecia (NAA). The mean age of
the androgenetic alopecia group was 49.83 years (+15.3),
slightly higher than the mean age of the non-androgenetic
alopecia group which was 43.15 years (£14.6). The
androgenetic alopecia group had a slightly higher mean BMI
of 26.10 kg/m? (+3.6), compared to the non-androgenetic
alopecia group’s mean of 24.6 kg/m? (+3.9). In addition, the
androgenetic alopecia group exhibited greater systolic and
diastolic blood pressures than the non- AGA group. Other
clinical parameters, including fasting blood sugar, fasting
serum insulin, triglycerides, and high-density lipoproteins,
showed no statistically significant differences between the two
groups. There was a significant difference in family history,
alcohol intake, and metabolic syndrome between the two
groups (p values <0.01, and <0.05, respectively). Variables
associated with smoking and insulin resistance showed no
significant differences between the groups [Table 1].

Genotyping association of SNPs in PITX2 with AGA

The genetic analysis of three PITX2 polymorphisms
(rs2200733, rs1003464, and rs13143308) in AGA patients
and non- AGA controls were shown in Tables 2, 3, and 4.
For rs2200733, the CT genotype was significantly associated
with (OR = 6.08, p < 0.001%*) and the T allele also showed
a significant association (OR = 3.24, p < 0.001%*) [Table 2].
In the case of rs1003464, the TG and GG genotypes did
not show significant associations individually, while the
combination of T/G + G/G genotypes had a borderline
significant association (OR = 2.01, p = 0.060), as did the G
allele (OR =2.02, p <0.019%*) [Table 3]. Finally, rs13143308,

Table 1: Demographical profile of the study population

Variables Case (n=70) Control (n=60) P value
Age (years) 49.83+15.3 43.15+14.6 <0.05%*
Sex (male/female) 70/0 60/0

Body Mass Index (kg/m?) 26.10+3.6 24.6£3.9 <0.05%*
SBP 124.5+10.3 119.849.6 <0.01*
DBP 84.7+9.2 81.4349.12 <0.05%*
Fasting blood sugar 116.3+£36.7 113.4+40.4 0.668
Fasting serum insulin 8.5+£6.5 8.54+4.2 1.000
Triglycerides 149.6+47.1 174.24241.9 0.406
High-density lipoproteins 45.8+7.9 46.2+9.1 0.788
Family history (yes/no) 47/23 19/41 <0.01*
Alcohol intake (yes/no) 38/32 18/42 <0.05*
Smoking (yes/no) 28/42 21/39 0.557
Metabolic syndrome (yes/no) 31/39 14/46 <0.05*
Insulin resistance (yes/no) 24/46 15/45 0.249

The variables compared included age, sex, BMI: Body Mass Index, family history,
alcohol intake, smoking, metabolic syndrome, and insulin resistance for 70
androgenetic alopecia/60 non-androgenetic alopecia individuals. SBP: Systolic blood
pressure, DBP: Diastolic blood pressure, TG: Triglycerides, HDL: High-density
lipoproteins, FBS: Fasting blood sugar. The * denotes the significant p-value less than
0.05.
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Table 2: PITX2 Polymorphism (rs2200733) in androgenetic alopecia
patients and controls

Genotype Cases (n=70) Control(n=60) OR (95% CI) P value

ccC 30 (43%) 48 (80%) Reference

CT 38 (54%) 10 (17%) 6.08 (2.64-13.98) <0.001*
TT 2 (3%) 2 (3%) 1.6 (0.21-11.97)  0.644
Dominant Model

C/C 30 (43%) 48 (80%) Reference

C/T+T/T 40 (57%) 12 (20%) 5.33(2.42-11.75) <0.001*
Recessive Model

C/C+C/T 68 (97%) 58 (97%) Reference

T/T 2 (3%) 2 (3%) 0.85(0.12-6.25)  0.875
Alleles

C 98 (70%) 106 (88%) Reference

T 42 (30%) 14 (12%) 3.24 (1.67-6.31) <0.001*

The table represents the comparison of rs2200733 genotype frequencies between
the 70 androgenetic alopecia/60 non-androgenetic alopecia group, along with odds
ratios (OR) and p values. The * denotes the significant p-value less than 0.01. CI:
Confidence interval.

Table 3: PITX2 Polymorphism (rs1003464) in androgenetic alopecia
patients and controls

Genotype Cases (n=70) Control(n=60) OR (95% CI) P value
TT 39 (55%) 43 (71%) Reference

TG 20 (29%) 13 (22%) 1.7 (0.75-3.86)  0.205
GG 11 (16%) 4 (7%) 3.03 (0.89-10.31) 0. 066
Dominant Model

/T 39 (56%) 43 (80%) Reference

T/G + G/G 31 (44%) 17 (20%) 2.01(0.97-4.19)  0.060
Recessive Model

T/T+T/G 69 (97%) 56 (93%) Reference

G/G 11 (3%) 4 (7%) 2.23(0.67-7.39) 0.179
Alleles

T 98 (70%) 99 (82%) Reference

G 42 (30%) 21 (18%) 2.02 (1.12-3.66) <0.019*

The table represents the comparison of rs1003464 genotype frequencies between the
70 androgenetic alopecia/60 non-androgenetic alopecia group, along with odds ratios
(OR) and p values. The asterisks indicate statistically significant differences (cases
versus controls) as determined by Chi-Square tests: p-value < 0.05. CI: Confidence
interval.

the GT genotype was significantly associated with AA (OR =
4.26, p <0.001%*), as was the G allele (OR =0.41, p <0.01%)
[Table 4]. The graphical representation of the genotype
distribution of rs2200733, rs10033464, and rs13143308 of
the PITX2 gene is shown in Figure 2.

SNP-SNP interactions among rs2200733, rs10033464 and
rs10033464 and their association with AGA

The analysis of SNP-SNP reveals interactions among three
genetic variants (rs2200733, rs10033464, and rs10033464)
and their association with androgenetic alopecia (AGA)
patients and controls. To investigate the interaction among
rs2200733 (C to T substitution, risk allele = T), rs10033464
(T to G substitution, risk allele = G), and rs13143308 (G to
T substitution, risk allele = T), the analysis is based on the
number of risk alleles individuals possesses. It compares
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Table 4: PITX2 Polymorphism (rs13143308) in androgenetic alopecia
patients and controls

Genotype Cases (n =70) Control (n=60) OR (95% CI) P value
GG 25 (36%) 41 (68%) Reference

GT 39 (55%) 15 (25%) 4.26 (1.96-9.26) <0.001*
TT 6 (AQ269%) 4 (7%) 2.46 (0.63-9.58) 0.437
Dominant Model

G/G 25(36%) 41 (68%) Reference

G/T+T/T 45 (64%) 19 (32%) 3.88(1.87-8.07) <0.001*
Recessive Model

G/G+G/T 64 (91%) 56 (93%) Reference

T/T 6 (9%) 4 (7%) 1.31(0.35-4.89) 0.684
Alleles

A 89 (64%) 97 (81%) Reference

G 51 (36%) 23 (19%) 0.41 (0.23-0.73) <0.01*

The table represents the comparison of rs13143308 genotype frequencies between the
70 androgenetic alopecia/60 non-androgenetic alopecia group, along with odds ratios
(OR) and p values. The asterisks indicate statistically significant differences (cases
versus controls) as determined by Chi-Square tests: p-value < 0.05. CI: Confidence
interval.

PITX2 genotype in androgenetic alopecia
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Figure 2: Graphical representation of the genotype distribution of
rs2200733, rs10033464, and rs13143308 of the PITX2 gene. The y-axis
denotes the percentage of genotype and the x-axis denote the number of
cases and controls in each genotype variant of the bar graph in androgenetic
alopecia patients and controls.

the distribution of these risk alleles between AGA cases
and controls. We used a non-risk allele as a baseline or
reference and estimated the OR for 1, 2, 3, 4, 5, and 6 risk
alleles [Table 5]. The findings reveal a strong and statistically
significant association between the number of risk alleles and
the likelihood of being an AGA case. Notably, individuals
with one risk allele are 13.22 times more likely to have AGA
than controls and this association is highly significant (p =
0.0003). Similarly, individuals with two, three, or four risk
alleles also exhibit significantly elevated odds of being AGA
cases (p < 0.01). The 95% confidence intervals for all odds
ratios do not include 1, further emphasising the robustness of
these associations.

Discussion

The findings from this study reflect the complicated interplay
between genetic factors and environment in connection to
androgenetic alopecia and also demonstrate a challenging

4

Table 5: Analysis of SNP—SNP interactions among rs2200733,
rs10033464, and rs13143308 and their association with androgenetic
alopecia patients and controls

Number of Cases Controls OR (95% CI) P value
Risk alleles (n=70) (n =60)

0 12 (17%) 34 (57%) Reference

1 14 (20%) 3 (5%) 13.22 (3.2-54.1) 0.0003*
2 21 (30%) 17 (28%) 3.50 (1.3-8.7) 0.0075%*
3 13 (19%) 3 (5%) 12.27 (2.97-50.6)  0.0005*
4 10 (14%) 3 (5%) 9.4 (2.21-40.19) 0.0024*

The table represents the SNP—SNP interactions among rs2200733, rs10033464, and
rs13143308 genotypes between the 70 androgenetic alopecia/60 non-androgenetic
alopecia group, along with odds ratios (OR) and p values. The * denotes the
significant p-value less than 0.05. CI: Confidence interval.

research question regarding the precise genetic mechanism
involved. The study’s demographic profile shows some of
the differences between the AGA group and the non-AGA
group. Furthermore, the AGA group provided higher average
systolic and diastolic blood pressure which may be related to a
link between AGA with hypertension. This supports previous
studies that have linked vascular factors as contributors to
hair loss in men. In addition, the AGA group had more people
with a family history of alopecia, metabolic syndrome,
smoking, insulin resistance, and alcohol intake which
highlights its multifactorial nature. The genetic makeup of
AGA as well as lifestyle choices like smoking or drinking
or even metabolic disorders might cause its emergence and
further development.?

In this study, we have found a connection between hair
loss in men and the genetic variation of the PITX2 gene.
The role of the PITX2 gene involves the development of
embryos especially concerning the left-right asymmetry
of the heart.”® PITX2 has been identified as the candidate
gene associated with Axenfeld-Rieger syndrome which is
an autosomal dominant hereditary condition manifested by
ocular, craniofacial, and umbilical malformation as well as
occasional aberrations in the limb, pituitary gland, or heart
among others.?* Various studies have shown that -catenin
controls the PITX2 expression in different systems. An
increase in the Wnt/Dvl/B-catenin signaling pathway can
result in activation levels of cyclin D2 and c-myc by raising
expressions of PITX2 genes which are specifically involved
in cardiac outflow tract development.” The second instance
indicates B-catenin-dependent downstream activity targeting
PITX2 where atrial separation during cardiac morphogenesis
is a critical step.? In follicular differentiation in-vitro systems,
positive regulation of B-catenin activity occurs via the action
of PITX2 factors on outer root sheath cells.”’

In this study, the genetic analysis of AGA risk associated
with PITX2 polymorphisms (rs2200733, rs1003464, and
rs13143308) was studied. Our study found that a strong
association between the AGA patient and controls in
rs2200733 polymorphism with CT genotype [OR = 6.08;
95% CI = 2.64—3.98; p = < 0.001*] along with a significant
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association for the T allele [OR = 3.24; 95% CI=1.67-6.31;
p = < 0.001*]. The rs13143308 polymorphism with GT
genotype of [OR =4.26; 95% CI =1.96-9.26; p =< 0.001%*]
and G allele [OR =0.41; 95% CI = 0.23-0.73; p = < 0.01*]
shows a significant association. The rs10033464 SNP was
significantly associated with G allele [OR = 2.02; 95% CI =
1.12 - 3.66 P =< 0.019*]. Thus, these results would provide
the PITX2 gene may also be one of the important genes in
AGA pathogenesis because as changes occur in this genetic
region, it may lead to abnormal functioning of androgenetic-
dependent mechanisms which are necessary for normal hair
follicle functioning. Susceptibility to AGA may be influenced
by a genetic variation that has the potential to impact the
PITX2 gene. The role of the PITX2 gene in the cycle of
hair follicle development is significant. The development of
mature hair follicles involves three distinct stages: anagen,
catagen, and telogen.

Conclusion

These findings suggest that PITX2 polymorphisms may
contribute to the development of AGA. Furthermore, this
research revealed the complex interplay of genetic and
environmental factors in AGA pathogenesis.

Androgens play a significant role in modulating hair cycle
activities by targeting their specific receptors on the dermal
papilla cells or other surrounding components of hair
follicle structures, thus causing premature development of
terminal hairs in pre-adolescence. This dysregulation may
lead to several common hair disorders such as androgenetic
alopecia. The advancement in this field widens the therapeutic
interventions with personalised treatment approaches. The
elucidation of PITX2’s involvement in androgenetic alopecia
serves as a model of complex relationships between genetic
factors and hair biology that enables the development of new
solutions to deal with this common problem. This research
examines the correlation between the intergenic region
of chromosome 4q25 upstream from the PITX2 gene and
AGA that contributes to proving the mutation in this locus
among AGA patients. In people with AGA, frequently
occurring genetic variants at locus 4q25, namely, rs2200733,
rs13143308, and rs10033464 have indicated an undeniable
statistical relationship. To the best of our knowledge, this
is the first study to demonstrate a significant correlation
between 152200733 and rs13143308 within the PITX2 gene
in AGA cases in the Indian population. The limitation of the
study is the relatively small sample size, which means our
findings need to be validated by larger studies.
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