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Abstract
Background In a previous population-based study on
3369 European men with self-reported prostate cancer
(PCa), it was shown that androgen receptor (AR) haplotype
designated H2 was associated with high levels of serum
PSA (prostate-specific antigen) concentration, and, at the
same time, with low risk for PCa. The aim of this study
was to replicate this finding in other cohorts, with registrybased cancer diagnosis.
Methods Using data from two population-based cohorts;
the Malmö Diet and Cancer Study (MDCS, n = 12,121)
and the Swedish Osteoporotic fractures in men study
(MrOS, n = 1,120), 628 men with PCa and 1,374 controls
were identified and genotyped. PCa data were collected
from the Swedish national cancer registry. PCa odds ratios
(ORs) and 95% confidence intervals (CIs) were calculated
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for carriers of the particular AR haplotype, tagged by the
rs6624304 T-allele.
Results The 15% of men who were carriers of the AR
haplotype H2 had approximately one-third lower risk for
PCa diagnosis compared to those with the most common
H1 variant (OR 0.65; 95% CI 0.45–0.94; p = 0.021). The
same trend, although not statistically significant (OR 0.75;
95% CI 0.47–1.24; p = 0.275), was observed in MrOS Sweden. When both cohorts were merged, an even more significant result was observed (OR 0.68; 95% CI 0.51–0.90;
p = 0.008).
Conclusions Swedish men with the variant AR haplotype
H2, tagged by rs6624304, have significantly lower risk of
PCa compared to those with the more common variant.
Keywords Androgen receptor · Prostate cancer · Genetic
variants

Introduction
Among European men, prostate cancer (PCa) is the most
common non-skin cancer, and it is the third most common
cause of cancer-related mortality [1]. It is well established
that PCa is hormone-dependent, and androgen deprivation
therapy with pharmacologic or surgical castration is, therefore, a corner stone in the treatment of advanced PCa.
Androgens mediate their effects by altering gene expression via the androgen receptor (AR), a hormone-induced
transcription factor. One gene that is dependent on ligand
activated AR for its expression is Kallikrein-related peptidase 3, encoding for the serine protease known as prostatespecific antigen (PSA).
The AR gene harbors two tri-nucleotide repeats in the
coding region; the extensively studied CAG-repeat, which
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encodes for a varying number of the amino-acid glutamine,
and the GGN repeat, encoding for a chain of glycines [2–4].
Apart from the repeats, the AR also holds a single-nucleotide polymorphism (SNP) in its first exon (rs6152) located
in between the CAG- and the GGN-repeats. This variant is
a synonymous GAG > GAA substitution in codon E213 and
is also sometimes referred to as StuI as the presence of the
G-allele allows for digestion with the restriction enzyme
Stu I [5].
We have recently, in the community-based European
Male Ageing Study (EMAS), consisting of 3369 men,
between 40 and 80 years of age and from eight European
centers, identified two different AR haplotypes [6]. The
16% of men with the minor haplotype (designated H2),
to which the minor A-allele of E213 belongs, exhibited a
nearly twofold increased risk of having serum PSA above
3 and 4 ng/mL, which are clinically used cut-off values for
further investigation on the suspicion of PCa. Yet, these
men were only one-third as likely to be diagnosed with PCa
after 4 years of follow-up compared to subjects carrying the
G allele (H1). However, as the number of PCa cases was
relatively small and PCa self-reported, the objective of current work was to replicate the previous study regarding PCa
risk in two other cohorts, with cancer cases collected from
the Swedish National Cancer Registry.

Materials and methods
Study design
The study was based on two cohorts:

Fig. 1  Flow charts describing
the exclusion process in the
cohorts a MDCS and b MrOS
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1. The Malmö Diet and Cancer Study (MDCS), from
which a nested case–control population consisting of
PCa cases and controls was extracted [7];
2. The Malmö and Gothenburg parts of the Swedish
Osteoporotic fractures in men study (MrOS), which is
a prospective study on osteoporosis in men [8].
Men with sufficient amount of DNA in the bio-bank had
been genotyped regarding SNPs in the AR gene. These
SNPs were designed to capture all variation in the gene.
Written informed consent was obtained from all participants. The study was approved by the ethical committee
board at Lund and Gothenburg Universities, respectively.
MDCS, nested case–control study
In the period 1991–1995, men born between 1923 and 1945
(n = 31,514) and women (n = 42,624) born 1923–1950 and
living in the city of Malmö, Sweden were invited to participate in a prospective study on western diet and lifestyle
factors in relation to cancer [9]. The only exclusion criteria
were mental incapacity or insufficient Swedish language,
leaving 68,905 eligible subjects of which 28,873 were men.
Of these, 12,121 men accepted the invitation to participate
in the MDCS study, 38% of the target male population
(Fig. 1a).
Using the Swedish National Cancer Registry, 661
prevalent cases of PCa in the MDCS cohort who were
still alive as of 2006 were identified; 5% of the enrolled
men. Each man with PCa was matched with a control
based on age (±90 days) and date of enrollment (±90
days) resulting in 1,322 eligible men. Of these, 975 men
(74%) agreed to participate in a nested case–control
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study, initiated for a study regarding PCa in relation to
number of children [7]. Those who accepted the invitation and those who did not respond to the invitation were
of similar age, with the mean age and standard deviation (SD) being 74.3 years (SD ± 5.7) and 75.4 years
(SD ± 6.0), respectively. Of the participants, 25 were
excluded due to insufficient DNA quantity in the biobank, while genotyping failed in 13 cases. Five controls
were discovered as misclassified and, therefore, transferred to the group of PCa cases, giving a total number
of 458 cases and 425 controls that were genotyped. Of
these, 421 (89%) and 389 (89%), respectively, reported
that they were born in Sweden. The 68 men born outside
of Sweden represented 20 countries, with most men born
in Denmark (n = 10), Germany (n = 7), Hungary (n = 5),
Yugoslavia (n = 4), and Norway (n = 3). The number of
men who had not reported birth-country was 32.
The Swedish MrOS study
The Swedish part of the MrOS Study, originally initiated
to study osteoporotic fractures in men, consisted of 3014
men, aged 69 to 81 years (mean age at inclusion 75.4
years) from three centers (Malmö, n = 1005; Uppsala,
n = 999; and Gothenburg, n = 1010). These men were
randomly identified using national population registries
and enrolled between October 2001 and December 2004.
To be eligible for the study, the participants had to be
able to walk without aid and able to complete a questionnaire. There were no other exclusion criteria [8]. The
inclusion rate at baseline for the Swedish part of MrOS
was 45%. Only the subpopulations from Malmö and
Gothenburg had been genotyped and, therefore, n = 2015
men from the Swedish MrOS study were eligible for
inclusion (Fig. 1b).
Since the prerequisite for both the previous study on
European men using the EMAS cohort and the MDCS
was that the men were alive at endpoint, only the men
in the MrOS that were alive when the cancer data were
accessed from the National Prostate Cancer Registry
in December 2013 (mean time to registry search 10.4
years) were included. Genotype data were available for
1120 of these men (59%); mean age at registry search
was 84.2 years (SD ± 2.9). Both prevalent and incident
prostate cancers were included in the analyses (n = 171).
The genotyping of the MrOS subjects was based on
blood sampling performed at the initiation of the study.
By assessing the distribution of H1 and H2 haplotypes
among the768 men who had died between the start of
the MrOS study and the registry search in December
2013, selection bias was estimated.
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Genotyping
The HapMap database (Release 27) was used to select haplotype-tagging SNPs (htSNPs) capturing all variation (with
R2 > 0.80) within the gene and 20 kilobases upstream and
downstream of it, using the Tagger Multimarker algorithm
and restricting htSNPs to those with a minor allele frequency (MAF) >5% in the HapMap CEU samples (http://
www.hapmap.org).
The nested MDCS samples genotyping was performed
using the Sequenom iPLEX Gold assay and MassARRAY
matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) platform in accordance with the manufacturer’s instruction (Sequenom Inc., San Diego, CA, USA),
whereas the MrOS samples were analyzed by matrixassisted laser desorption ionization–time-of-flight mass
spectrometry on the Sequenom MassARRAY platform
(San Diego, CA, USA). Assays were performed with randomly sorted samples and controls.
Genotype information was collected from the European population (EUR) in the phase 1 data from the 1000
genomes project (http://www.ensembl.org/). Genotype
data on the SNPs used in EMAS and in MrOS/MDCS
were pairwise calculated regarding linkage disequilibrium
and for identification of SNPs with the highest haplotype
predictability.
When the SNPs used in current study were compared with the SNPs used in the previous EMAS cohort,
rs6624304 had the highest haplotype predictability (r2
range; 0.889–0.944), where the T-allele belonged to the
PCa low-risk haplotype H2. In other words, in the European subpopulation of 1000 genomes, the allele of the haplotype marker used in the EMAS (rs1204038) could be predicted by the allele in rs6624304 in 99% of the subjects.
All the SNPs that in the EMAS cohort were found to be
in high linkage disequilibrium, quantified as high r2 values,
and were also in the EUR subpopulation of 1000 genomes
found to have high r2.
Statistics
Logistic regression was used to calculate the odds ratio
(OR) and 95% confidence interval (CI) for having PCa in
relation to the rs6624304 genotype. All calculations were
performed both with and without age adjustments. In the
MDCS study, calculations were done for the whole cohort
as well as for those born in Sweden only.
Only men alive in December 2013 were used in the calculations on PCa risk in the MrOS cohort. For this cohort,
in addition, the genotype-related OR for dying during the
period between study initiation and December 2013 was
calculated. Since cause of death was not available, to rule
out that carriers of one haplotype had a more aggressive
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PCa than the other one, the number of days between PCa
diagnosis and death was investigated using linear regression. In addition, for the included cases, tumor data (Gleason, PSA, Metastasis, Nodes, Tumor stage) at the time of
diagnosis for the two haplotypes were compared using
Mann Whitney U test and Pearson’s Chi-square test.
Comparison of haplotype frequencies in the different
cohorts to the European subpopulation from 1000 genomes
was done using Fisher’s exact test. All calculations were
performed in SPSS 22 Software (SPSS, Inc., Chicago,
USA).

Results
Haplotype distribution compared to European 1,000
genomes cohort
In the current study, as in the four subpopulations of
1,000 genomes, the H1 haplotype was the most common

haplotype in European populations. H1 is also the only
haplotype present in East Asian populations, while H2 is
the most common in the African populations (Table 1).
The allele frequencies in MDCS and MrOS did not differ from the European 1000 genomes subcohort (p = 0.406
and p = 0.514, respectively).
Prostate cancer risk
The frequency of prevalent PCa was higher at inclusion in
MrOS than in MDCS (9 vs 5%).
In the MDCS, the minor haplotype H2 was associated
with 35% decreased odds for PCa, in all men as well as in
those born in Sweden only (Table 2).
In the MrOS subjects, the same tendency, although
without reaching the level of statistical significance, was
observed.
In the merged cohort, the odds for being diagnosed with
PCa were 32% lower in carriers of H2 as compared to those
with H1.

Table 1  Frequency of each haplotype, represented by the allele frequencies in rs6624304, in the reported PCa cases and controls, as well as the
1000 genomes subpopulations, n (%)

H1; rs6624304C
H2; rs6624304T

Table 2  Frequency of
rs6624304 in PCa cases and
controls

MDCS

MrOS

AMR

AFR

ASN

EUR

747 (85)
136 (15)

951 (85)
169 (15)

218 (81)
51 (19)

32 (10)
283 (90)

428 (100)
0 (0)

495 (86)
79 (14)

Study Cohort
MDCS
rs6624304b
C
T
MDCSc
rs6624304b
C
T
MrOS
rs6624304b
C
T
Merged
rs6624304b
C
T

PCa, n (%)

Controls, n (%)

OR (95% CI)

p

OR (95% CI)a

Pa

400 (87)
58 (13)

347 (82)
78 (18)

Reference
0.65 (0.45–0.93)

0.020*

Reference
0.65 (0.45–0.94)

0.021*

356 (87)
51 (13)

309 (82)
70 (18)

Reference
0.63 (0.43–0.94)

0.022*

Reference
0.64 (0.43–0.94)

0.023*

150 (88)
21 (12)

801 (84)
148 (16)

Reference
0.76 (0.47–1.24)

0.266

Reference
0.75 (0.47–1.24)

0.275

550 (87)
79 (13)

1148 (84)
226 (16)

Reference
0.73 (0.55–0.96)

0.025*

Reference
0.68 (0.51–0.90)

0.008*

Odds ratios for PCa calculated with the major allele as reference
*Significant at the 0.05 level

a

b
c
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Adjusted for age at inclusion in the current study (MDCS) or age at examination (MrOS)
Marker for H1 and H2, and C- and T-allele, respectively
Swedish
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Tumor characteristics at diagnosis did not differ between
the carriers of the different haplotypes (Table 3).
Mortality risk in relation to haplotype
In the 768 deceased men, 660 (86%) and 108 (14%) were
carriers of H1 and H2, respectively. There were no significant differences in mortality between the groups, neither before nor after adjustment for age at inclusion, OR
(95% CI) for H2: 0.90 (0.69–1.18), p = 0.444 and 0.92
(0.71–1.20), p = 0.546, respectively. Of the deceased men
with a PCa diagnosis, n = 168 had been genotyped for the
AR variant. For these men, the number of days between
diagnosis and all-cause death did not differ between the
two haplotypes (mean (SD) H1: 2,871.01 (2,119.52), H2:
3,008.32 (1,343.00), p = 0.742; adjusted for age at inclusion: p = 0.765).

Table 3  Comparison of tumor
characteristics for the two
alleles of rs6624304

PSA (ng/µl)
Unknown, n (% of cases)
PSA median (25–75 percentile)
PSA < 10, n (%)
PSA 10-19.9, n (%)
PSA > 20, n (%)
Gleason score
Unknown, n (% of cases)
Gleason median (25–75 percentile)
Gleason < 7
Gleason 7
Gleason > 7
Tumor stage
Unknown, n (% of cases)
T0
T1
T2
T3
T4
Nodes
Unknown, n (% of cases)
N0
N1
Metastasis
Unknown, n (% of cases)
M0
M1
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Discussion
The previous finding regarding an association between
AR haplotype (H2) and low-risk for Europeans for being
diagnosed with PCa was replicated in the current study.
Although the same tendency was observed in both cohorts
investigated, it was statistically significant in the larger
MDCS, but not in the MrOS, most probably due to the circumstance that the MrOS subcohort was smaller and the
statistical power, therefore, relatively low. Another explanation could be selection bias, with a higher proportion of
men with PCa assigning for participation in MrOS. It is
well known that a cornerstone in treatment of PCa is androgen ablation, and androgen deficiency, in turn, is a risk factor for osteoporosis. Of the men with PCa, up to 53% are
affected by this bone disorder [10]. These men could, therefore, be more inclined to participate in a prospective study
on osteoporosis when contacted than men without PCa.
However, this circumstance would not affect the frequencies of the genetic variants.
Our findings have interesting clinical and biological
implications. We have previously reported that the H2
rs6624304C, n (%)

rs6624304T, n (%)

244 (44)
9.15 (5.60–16.00)
162 (53)
82 (27)
62 (20)

24 (30)
8.40 (5.90–17.10)
34 (62)
12 (22)
9 (16)

122 (22)
6 (6–7)
247 (58)
134 (31)
47 (11)

17 (22)
6 (6–7)
34 (55)
18 (29)
10 (16)

63 (11)
4 (1)
225 (46)
170 (35)
82 (17)
6 (1)

8 (10)
0 (0)
29 (41)
28 (39)
14 (20)
0 (0)

417 (76)
128 (96)
5 (4)

59 (75)
19 (95)
1 (5)

266 (48)
275 (97)
9 (3)

37 (47)
41 (98)
1 (2)
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carriers without PCa have a 65% higher odds of having PSA levels above the level of 3 or 4 ng/mL, which
generally are used as cut points for referral to urological
examination, including prostate biopsies [6]. Although no
PSA data were available for the participants without PCa
in the cohorts included in this study as they were from
the general population and not originally participating in
a study on PCa, the combination of a lower risk of manifest PCa in a group of men previously found to be more
likely to present with high PSA due to a certain inherited
gene variant calls for efforts to develop genotype adjusted
normal ranges for this cancer marker. It is possible that
inclusion of the SNP E213 could improve the performance of the PSA-test.
When tumor characteristics were compared for the two
haplotypes, no differences in aggression or stage were
found. However, many cases were missing detailed tumor
data. Tumor stage, the most complete variable (10% missing values), did not indicate any overrepresentation of men
in any category.
In a previous study on PCa, on men from the Cancer
Prostate in Sweden (CAPS) cohort, those with the A-allele
of rs6152, part of our minor H2-haplotype, had a significantly reduced risk of developing PCa [11]. However, when
the study was replicated in seven pooled cohorts (5 American and 2 European), the variant was no longer associated
with reduced PCa risk [12].
The haplotype reported by us as implying lower PCa risk
appears to be the most common haplotype in African populations, while the high-risk haplotype is the only haplotype in East Asia. This is contradictory to the incidence of
PCa in these populations, as several studies have reported
higher risk of PCa in African-American men in comparison
with Caucasians and the incidence of PCa is much lower in
Asian countries than elsewhere [13]. This indicates that the
biological mechanisms linking this particular AR haplotype
to the risk of PCa are highly dependent on other factors,
of which some can be lifestyle-related, whereas others are
likely to be genetic. This could also explain why the study
by Lindström et al. [12] failed to repeat the results in the
larger data set consisting of a more genetically diverse population, where population stratification bias could dilute the
effect of the genetic variants.
This contradictory relationship between haplotype
distribution and population risk also seems to apply for
androgenic alopecia. Studies regarding this condition
have reported alleles included in the H1 haplotype to
be associated with increased risk of male pattern baldness [14–18]. In addition, for this condition, although
the highest frequencies of risk alleles are found in Asian
men, their risk of male baldness is 50% lower than
among Europeans [15]. A meta-analysis comprising more
than 2000 men from several countries found that the
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association between the E213 variant that belongs to the
H2 haplotype and baldness was applicable for Caucasians
only [18].
A limitation of our study was that only men who were
alive at follow-up were included. Since age at endpoint
was relatively high in both cohorts, information may have
been lost due to exclusion of men with a shorter life-span
or more aggressive early onset PCa. However, in the current study, there was no significant difference in all-cause
mortality between the men with the two haplotypes during the 10-year follow-up period and no difference in the
number of days between diagnosis and all-cause death
in the deceased men with PCa. Furthermore, finding of
similar distribution of the two haplotypes in the current
study as in Europeans in the 1000 genomes study speaks
against significant selection bias.
Another point of criticism could be the use of different SNPs as markers of the H1/H2 haplotype in EMAS
(rs1204038) and in the current study (rs6624304). However, we do not consider this as a significant problem as
the former SNP can be predicted by the allele in the latter
in 99% of the cases in European cohorts.
The strength of the study was access to the Swedish
National Cancer Registry, which is a mandatory registry of all cancers in Sweden with an approximated completeness of registration of 99%, ensuring a complete
assessment of PCa diagnosis. Moreover, the current
study included approximately ten times as many PCa
cases compared to our previous study on European men
(EMAS), and, also, in the current study, men with the H2
haplotype had one-third lower odds of being diagnosed
with PCa compared to counterparts with the most common haplotype H1.
In summary, based on two large Swedish communitybased populations, we have confirmed the previous indication that 15% of European men who are carriers of the
second most frequent AR haplotype have approximately
one-third lower odds of PCa than counterparts with the
most frequent AR variant.
Acknowledgments The Malmö Diet and Cancer Study is acknowledged for providing samples. This study was supported by grants from
the Swedish Cancer Society (CAN 2014/360), the Research Fund and
Cancer Research Fund of Malmö University Hospital, and ALF government Grant (F2014/354).
Compliance with ethical standards
Conflict of interest Aleksander Giwercman reports personal fees
from Bayer AG, personal fees from Ferring Pharmaceuticals, outside
the submitted work.
Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted

Cancer Causes Control (2017) 28:227–233
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References
1. Ferlay J, Parkin DM, Steliarova-Foucher E (2010) Estimates of
cancer incidence and mortality in Europe in 2008. Eur J Cancer
46(4):765–781. doi:DOI:10.1016/j.ejca.2009.12.014
2. Sleddens HF, Oostra BA, Brinkmann AO, Trapman J (1993) Trinucleotide (GGN) repeat polymorphism in the human androgen
receptor (AR) gene. Hum Mol Genet 2(4):493
3. Sleddens HF, Oostra BA, Brinkmann AO, Trapman J (1992) Trinucleotide repeat polymorphism in the androgen receptor gene
(AR). Nucleic Acids Res 20(6):1427
4. Edwards A, Hammond HA, Jin L, Caskey CT, Chakraborty
R (1992) Genetic variation at five trimeric and tetrameric tandem repeat loci in four human population groups. Genomics
12(2):241–253
5. Lu J, Danielsen M (1996) A Stu I polymorphism in the human
androgen receptor gene (AR). Clin Genet 49(6):323–324
6. Bentmar Holgersson M, Giwercman A, Group E, Bjartell A, Wu
FC, Huhtaniemi IT, O’Neill TW, Pendleton N, Vanderschueren
D, Lean ME, Han TS, Finn JD, Kula K, Forti G, Casanueva FF,
Bartfai G, Punab M, group E, Lundberg Giwercman Y (2014)
Androgen receptor polymorphism-dependent variation in prostate-specific antigen concentrations of European men. Cancer
epidemiology, biomarkers and prevention: a publication of the
American Association for Cancer Research, cosponsored by the
American Society of Preventive. Int Soc Cell 23(10):2048–2056.
doi:10.1158/1055-9965.EPI-14-0376
7. Ruhayel Y, Giwercman A, Ulmert D, Rylander L, Bjartell A,
Manjer J, Berglund G, Giwercman YL (2010) Male infertility and prostate cancer risk: a nested case–control study. Cancer Causes Control: CCC 21(10):1635–1643. doi:10.1007/
s10552-010-9592-8
8. Mellstrom D, Johnell O, Ljunggren O, Eriksson AL, Lorentzon M, Mallmin H, Holmberg A, Redlund-Johnell I, Orwoll E,
Ohlsson C (2006) Free testosterone is an independent predictor
of BMD and prevalent fractures in elderly men: MrOS Sweden.
J Bone Min Res Off J Am Soc Bone Min Res 21(4):529–535.
doi:10.1359/jbmr.060110
9. Berglund G, Elmstahl S, Janzon L, Larsson SA (1993) The
Malmo diet and cancer study. Design and feasibility. J Intern
Med 233(1):45–51
10. Taylor LG, Canfield SE, Du XL (2009) Review of major adverse
effects of androgen-deprivation therapy in men with prostate
cancer. Cancer 115(11):2388–2399. doi:10.1002/cncr.24283

233
11. Lindstrom S, Wiklund F, Adami HO, Balter KA, Adolfsson
J, Gronberg H (2006) Germ-line genetic variation in the key
androgen-regulating genes androgen receptor, cytochrome
P450, and steroid-5-alpha-reductase type 2 is important for
prostate cancer development. Cancer Res 66(22):11077–11083.
doi:10.1158/0008-5472.CAN-06-3024
12. Lindstrom S, Ma J, Altshuler D, Giovannucci E, Riboli E,
Albanes D, Allen NE, Berndt SI, Boeing H, Bueno-de-Mesquita
HB, Chanock SJ, Dunning AM, Feigelson HS, Gaziano JM,
Haiman CA, Hayes RB, Henderson BE, Hunter DJ, Kaaks R,
Kolonel LN, Le Marchand L, Martinez C, Overvad K, Siddiq
A, Stampfer M, Stattin P, Stram DO, Thun MJ, Trichopoulos D,
Tumino R, Virtamo J, Weinstein SJ, Yeager M, Kraft P, Freedman ML (2010) A large study of androgen receptor germline
variants and their relation to sex hormone levels and prostate
cancer risk. Results from the National Cancer Institute Breast
and Prostate Cancer Cohort Consortium. J Clin Endocr Metab
95(9):E121–E127. doi:10.1210/Jc.2009-1911
13. Siegel R, Naishadham D, Jemal A (2012) Cancer statistics, 2012.
CA Cancer J Clin 62(1):10–29. doi:10.3322/caac.20138
14. Hillmer AM, Hanneken S, Ritzmann S, Becker T, Freudenberg
J, Brockschmidt FF, Flaquer A, Freudenberg-Hua Y, Jamra
RA, Metzen C, Heyn U, Schweiger N, Betz RC, Blaumeiser B,
Hampe J, Schreiber S, Schulze TG, Hennies HC, Schumacher
J, Propping P, Ruzicka T, Cichon S, Wienker TF, Kruse R,
Nothen MM (2005) Genetic variation in the human androgen receptor gene is the major determinant of common earlyonset androgenetic alopecia. Am J Hum Genet 77(1):140–148.
doi:10.1086/431425
15. Hillmer AM, Freudenberg J, Myles S, Herms S, Tang K, Hughes
DA, Brockschmidt FF, Ruan YJ, Stoneking M, Nothen MM
(2009) Recent positive selection of a human androgen receptor/
ectodysplasin A2 receptor haplotype and its relationship to male
pattern baldness. Hum Genet 126(2):255–264. doi:10.1007/
s00439-009-0668-z
16. Ellis JA, Stebbing M, Harrap SB (2001) Polymorphism
of the androgen receptor gene is associated with male
pattern baldness. J Invest Dermatol 116(3):452–455.
doi:10.1046/j.1523-1747.2001.01261.x
17. Ellis JA, Scurrah KJ, Cobb JE, Zaloumis SG, Duncan AE, Harrap SB (2007) Baldness and the androgen receptor: the AR
polyglycine repeat polymorphism does not confer susceptibility to androgenetic alopecia. Hum Genet 121(3–4):451–457.
doi:10.1007/s00439-006-0317-8
18. Zhuo FL, Xu W, Wang L, Wu Y, Xu ZL, Zhao JY (2012) Androgen receptor gene polymorphisms and risk for androgenetic
alopecia: a meta-analysis. Clin Exp Dermatol 37(2):104–111.
doi:10.1111/j.1365-2230.2011.04186.x

13

