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ORIGINAL ARTICLE

An association study of HFE gene mutation with
idiopathic male infertility in the Chinese Han population

Xijao-Ying Yu'*, Bin-Bin Wang2’3’*, Zhong-Cheng Xin* Tao Liu', Ke Ma', Jian Iiangl, Xiang Fangl, Li-Hua Yu',
Yi-Feng Peng' and Xu Ma*>?

Mutations in the haemochromatosis gene (HFE) influence iron status in the general population of Northern Europe, and excess iron is
associated with the impairment of spermatogenesis. The aim of this study is to investigate the association between three mutations
(C282Y, H63D and S65C) in the HFE gene with idiopathic male infertility in the Chinese Han population. Two groups of Chinese men
were recruited: 444 infertile men (including 169 with idiopathic azoospermia) and 423 controls with proven fertility. The HFE gene was
detected using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. The experimental results
demonstrated that no C282Y or S65C mutations were detected. Idiopathic male infertility was not significantly associated with

heterozygous H63D mutation (odds ratio=0.801, 95% confidence interval=0.452-1.421, ;(2=0.577, P=0.448). The H63D

mutation frequency did not correlate significantly with the serum luteinizing hormone (LH), follicle-stimulating hormone (FSH) and
testosterone (T) levels in infertile men (P=0.896, P=0.404 and P=0.05, respectively). Our data suggest that the HFEH63D mutation

is not associated with idiopathic male reproductive dysfunction.
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INTRODUCTION

Idiopathic azoospermia and idiopathic oligospermia are two common
reasons for male infertility. Although the potential causes are not yet
clearly understood, interactions between genetic and environmental
factors have been suggested to be implicated in the conditions of poor
sperm function and infertility."™* As a common autosomal recessive
genetic disorder, hereditary haemochromatosis (HH), is characterized
by iron overload in the parenchymal tissue of many organs, including
the pituitary, liver, pancreas, heart, endocrine organs and joints, due to
increased iron absorption in the gastrointestinal tract.>® The clinical
consequences of iron accumulation in these organs include hypogo-
nadism, hepatocellular carcinoma, cirrhosis of the liver, heart failure,
idiopathic cardiomyopathy diabetes and arthritis, and if untreated,
some cases may be fatal.” In 1976, HH was linked to particular human
leukocyte antigen (HLA) alleles. However, it was another 20 years
before two mutations in the haemochromatosis gene (HFE) gene on
chromosome 6p21.3 were confirmed to be linked to the majority of the
disease cases.”® The protein product of the HEE gene has a structure
similar to that of MHC class I molecules. Three HFE mutations have
now been identified: C282Y, H63D and S65C.°'! C282Y, a G-to-A
transition at nucleotide 845 (G845A) in exon 4 of the HFE gene, results
in a cysteine-to-tyrosine substitution at position 282. H63D is a C-to-
G transition at nucleotide 187 (C187G) in exon 2, causing a histidine-
to-aspartic acid substitution at amino acid 63. The third mutation,

S65C, involves the substitution of adenine with thymidine at nucleo-
tide 193 in exon 2 and leads to a serine-to-cysteine substitution at
position 6. Feder et al.'* reported that wild-type HLA-H binds to
B2-microglobulin, and the C282Y HFE mutation completely abro-
gated this interaction and disrupted intracellular protein trafficking.
This report describes the first functional significance of the C282Y
mutation and indicates that an abnormality in protein trafficking
and/or cell-surface expression of HLA-H leads to HH disease. It has
been reported that H63D mutations predominantly influence the
binding of HFE to the transferrin receptor, which plays a role in
cellular iron uptake. According to animal model studies,"*'> excess
iron induces oxidative stress and the impairment of spermatogenesis.

MATERIALS AND METHODS

Study populations

This study was approved by the Ethics Committee of Wannan Medical
College. All of the subjects were randomly selected from the Chinese
Han population at the Institute of Reproductive Medicine, Yijishan
Hospital, Anhui, China. A total of 867 unrelated Chinese men were
recruited from July 2008 to April 2011, including 444 patients with
idiopathic male infertility and 423 fertile volunteers. The criterion for
inclusion in the case group was infertility, as judged by abnormal
semen parameters on at least two separate analyses, with sperm
parameters below the cutoff levels defined by the World Health
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Table 1 Clinical characteristics of the 444 infertile patients

Oligoasthenospermia Asthenospermia

Azoospermia

<5x10°ml?

>5%x10°mi! >20x10° mi!

n=169 n=107 n=104 n=64

Age (year) 28.92+4.47 29.23+4.50 29.51+4.35 29.56+3.87
Infertility duration (year) 3.09+2.99 2.59+2.69 2.75%+2.85 2.48+2.03
Smoking

Yes 90 (53.25%) 50 (46.73%) 53 (50.96%) 27 (42.19%)

No 79 (46.75%) 57 (53.27%) 51 (49.04%) 37 (57.81%)
Alcohol drinking

Yes 29 (17.16%) 25 (23.36%) 19 (18.27%) 13 (20.31%)

No 140 (82.84%) 82 (76.64%) 85 (81.73%) 51 (79.69%)
High temperature

Yes 25 (14.79%) 9 (8.41%) 11 (10.58%) 3(4.69%)

No 144 (85.21%) 98 (91.59%) 93 (89.42%) 61 (95.31%)
Serum hormones

LH (miUml™h) 7.12+5.76 7.72+5.76 6.16+3.78 6.31+4.19

FSH (mIU mI™Y) 11.12+9.51 9.04+7.91 6.91+4.35 7.77=4.81

PRL (ngml™) 16.08+7.82 15.14+5.94 13.93+5.38 12.73+5.49

E, (pgmi™!) 20.95+10.77 26.59+11.56 26.61+10.08 25.55+6.89

T(ngml™h 4.43+2.71 4.60+2.83 4.72+2.29 493+1.57
Semen parameters

Ejaculate volume (ml) 2.21+0.76 2.15+0.83 2.43+0.94 2.25+0.96

Sperm density (x10° mI~?) — 2.40x1.32 10.27+4.13 42.93+33.15

Motility (% motile) — 17.56+19.08 26.57+16.79 18.37+14.16

Abbreviations: E,, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing hormone; PRL, prolactin; T, testosterone.

Values are expressed as mean=s.d.

Organization (in 1999). Exclusion criteria included Y chromosome
microdeletions or karyotype abnormalities, genital trauma or testicu-
lar torsion, a testicular volume of less than 10 ml, cryptorchidism,
varicocele, and the use of immunosuppressants or cytotoxic drugs.
All of the control individuals had fathered at least one child and had
normal semen parameters. Semen specimens were collected by mas-
turbation into a sterile plastic container after at least 3 days of sexual
abstinence. All the men voluntarily signed the informed consent for
molecular analysis of their blood samples. The clinical characteristics
for the 444 patients with idiopathic male infertility are presented in
Table 1.

Genotyping

The infertile men were grouped according to their sperm count as
having azoospermia or oligoasthenospermia (<5X10° and >5X10°
sperm ml ™!, respectively). In our study, there were 169 patients with
non-obstructive azoospermia and 211 subjects with oligoasthenosper-
mia. Sixty-four of these patients had asthenospermia (sperm count
>20%10° ml™" but progressive sperm motility <50%). The serum
follicle-stimulating hormone (FSH), luteinizing hormone (LH), pro-
lactin, estradiol (E,) and testosterone (T) levels were assessed by mag-
netic-separation ELISA (Clontech; Beijing Bio-Ekon Biotechnology

Table 2 Genotyping assays to analyze the HFE mutation

Co., Ltd, Beijing, China). The results were considered within the nor-
mal range: FSH, 1.67-11.98 mIU ml~'; LH, 3.0-12.0 mIU ml~'; pro-
lactin, 5.0-17.0 ng ml™'; E,, <41.42 pg ml™'; and T, 2.41-11.41 ng
ml™". Genomic DNA was extracted from the peripheral blood using a
TIANamp Blood DNA Kit (offered by Tiangen Biotech Co., Ltd,
Beijing, China). The analysis of HFE gene mutations was performed
using PCR-RFLP analysis with the primers described by Feder et al.®
The thermocycling conditions consisted of an initial denaturation of
5min at 94 °C, 30 cycles of 1 min at 94 °C, 1 min at 63.1 °C, and 1 min
at 72 °C, and a final extension of 10 min at 72 °C. The PCR products
were then digested at 37 °C for 16 h with 5 U of Mbo I, 2.5 U of Hinf I
or2.5U of Rsalina 10-pl reaction mixture (New England Biolabs Co.,
Ltd., Beijing, China; Table 2). Finally, the restriction fragments were
separated by electrophoresis on 4% agarose gels, and the results were
visualised under UV illumination (JS-680B; Shanghai Peiging Science
& Technology. Co., Ltd, Shanghai, China).

Meta-analysis

Two online electronic databases (PubMed and HighWire) were
searched, and the last search update was November 2011, with the
keywords of ‘HFE mutation’, ‘HFE polymorphisny’, ‘infertility’,
‘azoospermia’, ‘oligozoospermia’ and ‘male infertility’. The search

Mutation Base change Primer PCR product (bp) Restriction Restriction products
enzyme

H63D (rs 1799945) C>G 5'-ACATGGTTAAGGCCTGTTGC-3’ (forward) 208 Mbo | C allele: 138+70 bp
5’-GCCACATCTGGCTTGAAATT-3’ (reverse) G allele: 208 bp

S65C (rs 180073) A>T 5'-ACATGGTTAAGGCCTGTTGC-3’ (forward) 208 Hinf | A allele: 147+61 bp
5’-GCCACATCTGGCTTGAAATT-3’ (reverse) T allele: 208 bp

C282Y (rs 1800562) G>A 5'-TGGCAAGGGTAAACAGATCC-3’ (forward) 387 Rsa | A allele: 2474140 bp
5'-CTCAGGCACTCCT CTCAACC-3’ (reverse) G allele: 387 bp
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Table 3 The frequency of HFE genotype in infertile and control men from published studies

Population Reference Group H63D ca282y S65C
Slovenia Peterlin et al.?* Cases wi/wt H63D/wt H63D/H63D wi/wt C282Y/wt C282Y/C282Y
262 192 (73.28%) 64 (24.43%) 5(1.91%) 240 (91.60%) 22 (8.40%) 0 ND
Controls
200 150 (75.00%) 44 (22.00%) 6 (3.00%) 187 (93.50%) 13 (6.50%) 0 ND
Turkey Gunel-Ozcan et al.?® Cases
148 114 (77.03%) 34 (22.97%) 0 ND ND ND ND
Controls
0
Croatia Bureti¢-Tomljanovi¢ Cases
etall’ 127 94 (74.02%) 30 (23.62%) 3(2.36%) 122 (96.06%) 5(3.94%) 0 ND
Controls
188 134 (71.28%) 50 (26.60%) 4(2.12%) 178 (94.68%) 10 (5.32%) 0 ND
China This study Cases
444 421 (94.82%) 23 (5.18%) 0 444 (100.00%) 0 0 NM
Controls
423 396 (93.62%) 27 (6.38%) 0 423 (100.00%) 0 0 NM

Abbreviations: ND, not determined; NM, no mutation.

was limited to English-language papers. Studies included in our meta-
analysis were required to meet the following criteria: (i) they must
have used a case—control design; and (ii) they must have provided
sufficient data for determination of an odds ratio (OR) with a 95%
confidence interval (CI). The major reason for the exclusion of studies
was the lack of a control population. Two investigators independently
extracted data according to the inclusion and exclusion criteria and
reached a consensus on all the items. The following data were collected
from the studies: the first author, the year of publication, the study
design (population- or hospital-based controls), ethnicity of the study
subjects, the genotyping methods, the main characteristics of the cases
and controls, and the numbers of genotyped cases and controls.
Different ethnic descents were categorised as Caucasian and Asian.
Two studies were included based on the search criteria for male infer-
tility susceptibility related to the HFE mutations. The study character-
istics are summarized in Table 3.

Statistical analyses

All the statistical analyses were performed using SPSS statistical
software (version 13.0; SPSS, Inc., Chicago, IL, USA).The allele
and genotype frequencies were calculated by gene counting. The
Hardy—Weinberg equilibrium was tested using the Chi-squared test.
The meta-analysis was performed by R language programming
(http://www.r-project.org/). The clinical data were expressed as the
mean=s.d. (age, infertility duration, serum hormones and semen
parameters). The frequency of HFE H63D was analysed using the
Chi-squared test or Fisher’s exact test if one of the expected num-
bers was less than five. A two-tailed P value <0.05 was considered
statistically significant. Correlations between serum FSH, LH and T

levels and the distribution of the HFE genotype frequencies were ana-
lysed using the non-parametric Mann—Whitney test.

RESULTS

A total of 867 samples (169 azoospermia, 211 oligoasthenospermia, 64
asthenospermia, and 423 controls from participants with proven ferti-
lity) were analysed for the presence of HFE H63D, S65C and C282Y
mutations. The HFE genotype distribution was in Hardy—Weinberg
equilibrium (P=1.000). No C282Y or S65C mutations were detected
in our study. The H63D genotyping data are summarized in Table 4. In
this study, the H63D HFE genotype distributions in infertile men (CC
94.8%, GC 5.2%, GG 0%) were not significantly different (OR=0.801,
95% CI=0.452-1.421, X2:0-577> P=0.448) from those in the fertile
controls (CC 93.6%, GC 6.4%, GG 0%). We further analysed the dis-
tribution of the H63D mutation frequencies in patients with azoosper-
mia, oligozoospermia and asthenospermia, but still found no significant
differences compared with the control group (Table 4). There was no
statistically significant difference (P=0.896; P=0.404; P=0.05) between
the frequency of the H63D mutation and the serum LH, FSH or T levels
in infertile men (Table 5). The meta-analysis showed that the H63D and
C282Y mutations were not significantly associated with male infertility
risk (H63D/H63D+H63D/wt vs. wt/wt: OR=0.94, 95% CI=0.71-1.25,
P=0.674; (C282Y/C282Y+C282Y/wt vs. wt/wt: OR=1.11, 95%
CI=0.61-2.01, P=0.375; Table 6 and Figures 1 and 2).

DISCUSSION

Gonadal insufficiency is believed to be caused by iron-induced damage
to the testicular Leydig cells, which produce T, or to the pituitary
gonadotrophs that secrete LH and FSH.'® In animal models, excessive

Table 4 The frequency of HFE genotypes and alleles in infertile patients and controls

Genotype Cases Azoospermia Oligoasthenospermia Asthenospermia Controls
H63D n=444 n=169 <5x10° mI~! n=107 >5x10°ml™t n=104  >20x10°mI~! n=64 n=423
ccC 421 (94.8%) 159 (94.08%) 103 (96.26%) 96 (92.31%) 63 (98.44%) 396 (93.6%)
GC 23(5.2%) 10 (5.91%) 4(3.74%) 8(7.69%) 1(1.56%) 27 (6.4%)
OR (95% ClI) 0.801 (0.452-1.421)  0.922(0.436-1.950) 0.570 (0.195-1.664) 1.222 (0.538-2.775) 0.233(0.031-1.744)

72 0.577 0.045 1.085 0.231 2.384

P value (two-sided) 0.448 0.833 0.298 0.631 0.123

Abbreviations: Cl, confidence interval; OR, odds ratio.
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Table 5 Serum hormone levels according to the HFE H63D genotype
in 444 men with idiopathic infertility

Serum hormone H63D mean rank Mann-Whitney P value
UK? value
cC GC
LH (miuml™) 222.31 225.83 4960.000 0.896
FSH (mIUml™1) 223.71 201.25 4530.000 0.404
T(ngmi™h 225.35 172.54 3841.000 0.05

Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone; T,
testosterone.

Study OR (95% Cl) Weight%
Peterlin et al.?* . 1.08 (0.71,1.64) 44.73
Bureti¢-Tomljanovic¢ et al.” . 0.87 (0.52, 1.45) 30.99

This study 0.80 (0.45, 1.42) 24.28

Overall (I-squared = 0.0%, P = 0.§: 0.94 (0.71, 1.25) 100.00

0.452 1 221
Note: weights are from random effects analysis

Figure 1 Results of individual and summary odds ratio estimates with 95% Cl
(the random-effect model): H63D mutation and infertile, comparing homozygous
carriers of the mutation plus heterozygous carriers (H63D/H63D +H63D/wt)
versus homozygous carriers of the wild type allele (wt/wt). The size of the square
is proportional to the percent weight of each study, horizontal line represents the
95% Cl. Cl, confidence interval; OR, odds ratio.

Study OR (95% Cl) Weight%

Peterlin et al.2* 1.32(0.65, 2.69) 70.41

Bureti¢-Tomljanovic, et al.”
Ay

0.73 (0.24, 2.19) 29.59

Overall (I-squared = 0.0%, P = 0.375) 1.11 (0.61, 2.01) 100.00

0243 1 411
Note: weights are from random effects analysis

Figure 2 Results of individual and summary odds ratio estimates with 95% ClI
(the random-effect model): C282Y mutation and infertile, comparing homo-
zygous carriers of the mutation plus heterozygous carriers (C282Y/
C282Y+C282Y/wt) versus homozygous carriers of the wild type allele (wt/wt).
The size of the square is proportional to the percent weight of each study, hori-
zontal line represents the 95% ClI. Cl, confidence interval; OR, odds ratio.

iron impairs testicular function and spermatogenesis; moreover,
reduced sperm production and small testes may be related to elevated
iron concentrations.'*'” Disorders of testicular function comprise
reproductive dysfunction (abnormalities in germ cell maturation)
and/or endocrine dysfunction (abnormalities in the Leydig cells).

FSH and LH are gonadotropins that are secreted by pituitary gonado-
tropic cells: FSH stimulates Sertoli cell-supported spermatogenesis in
the seminiferous tubules of the testis, and LH stimulates T production
in the Leydig cells."” Sertoli cells supply the structural support and
optimal environment for spermatogenesis, and their number in the
testis is a key feature affecting the number of mature sperm formed in
the adult testis.'® Abnormal LH pulsatile secretion may be associated
with male infertility and could disrupt the regulatory role of both the
Sertoli and Leydig cells, resulting in abnormal spermatogenesis.'”

To investigate the role of HFE in the regulation of iron homeostasis,
Zhou et al.*® generated a knockout mouse model of HH by targeted
disruption of the murine HFE gene. This study revealed that the HFE
protein was involved in the regulation of iron homeostasis and that
mutations in this gene were responsible for HH. The mouse model
facilitated investigation into the pathogenesis of increased iron accu-
mulation in HH and provided opportunities to evaluate therapeutic
strategies for the prevention and correction of iron overload. HFE
mutations interfere with hepcidin induction in the case of transferrin
saturation, which may contribute to iron misregulation, pro-oxidative
stress and anti-oxidative imbalance in the human body. Under aerobic
conditions, oxidative stress is a common phenomenon in many bio-
logical systems. Human semen has its own molecular mechanisms for
protection against the free radicals created by immune reactions or
normal respiratory processes, and the creation and scavenging of free
radicals is maintained in equilibrium during spermatogenesis. Pro-
oxidative or anti-oxidative imbalances in the semen are associated
with male infertility.>' Lucesoli et al.*>*’ reported that iron accumula-
tion associated with either acute or chronic iron overload led to a
subtle iron increase in the testes and that this increase was associated
with oxidative damage to proteins, lipids, and DNA. The extent of
oxidative damage and the decrease in spermatogenesis were depend-
ent on the dose of iron and on its accumulation in the testes.'*
Oxidation could modify sperm function, which might cause male
reproductive system dysfunction, increased teratogenicity incidence
and cancer in the progeny.

Several studies have attempted to investigate the possibility that
HFE mutations induce dysfunction of spermatogenesis and/or the
hypothalamic—pituitary—gonadal axis (Table 3). Peterlin et al** did
not find any relationship between the C282Y and H63D mutations in
the HFE gene and the clinical characteristics of infertile men (sperm
concentration, rapid progressive sperm motility, normal morphology,
testicular volume and FSH levels) in the Slovenian population. They
suggested that the lack of an association between the C282Y and H63D
mutations and male infertility could be either because the two muta-
tions may each confer a low relative risk or because the increase of iron
serum levels associated with these two mutations is not sufficient to
impair human spermatogenesis. Gunel-Ozcan et al.* indicated that
the overall mean FSH levels were higher, whereas sperm motility was
lower in infertile men with the HFE H63D mutation compared with
subjects lacking this mutation in the Turkish population. In addition,
a comparison of the allele frequencies for the HFE H63D mutation in
infertile men with abnormal sperm motility versus in infertile men

Table 6 Main results for the H63D and C282Y mutations in the meta-analysis

Variables Cases/controls H63D/H63D+ H63D/wt vs wt/wt C282Y/C282Y+C282Y/wt vs wt/wt
833/811 OR (95% CI) P OR (95% Cl) P

Ethnicity

Caucasian 389/388

Asian 444/423 0.94 (0.71-1.25) 0.674 1.11(0.61-2.01) 0.375
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with normal sperm motility revealed a large difference (P=0.005).
Thus, the HFE H63D heterozygosity mutation appears to be an
important risk factor for impaired sperm motility and may contribute
to the development of male infertility. Meeker et al.*® demonstrated an
inverse relationship between human sperm parameters and serum
hormone levels, including FSH. Bureti¢-Tomljanovi¢ et al.'” studied
the impact of HFE mutations and transferrin genotypes on gonado-
tropin serum levels. Their study revealed that the sperm count and
progressive sperm motility did not correlate with the HFE or TF geno-
type or their combination. In contrast, a statistically significant cor-
relation was observed between serum FSH and LH levels and the
combined HFEH63D/TFC2 genotype in 97 men with idiopathic infer-
tility in the Croatian population. Therefore, the HFE and TF genes
together may influence hypothalamic—pituitary—gonadal axis func-
tion at the level of the pituitary or testes. In the present study, our
data agree with previous findings'® demonstrating that the H63D,
S65C and C282Y mutations in the HFE gene are rare in the Chinese
Han population. No C282Y or S65C mutations were detected, and
there was no evident difference in the H63D heterozygote frequencies
between the groups of infertile and fertile men, which were 5.2% (23/
444) and 6.4% (27/423), respectively (P=0.448). For men with azoos-
permia, oligozoospermia or asthenospermia, the H63D heterozygote
frequencies were not significantly different from those in the fertile
controls. The H63D genotype distributions in both the case and
control groups were compatible with Hardy-Weinberg expectations.
Furthermore, we did not identify a relationship between H63D het-
erozygosity and any clinical characteristic (sperm concentration, rapid
progressive sperm motility, LH, FSH and T levels) associated with
idiopathic male infertility in the Chinese Han population. The HFE
genotype frequency in infertile and control men from published stud-
ies (Table 3) showed that the HFE C282Y mutation was rare in both
populations. In our study, we found no homozygotes, but we iden-
tified 5.2% heterozygotes for the H63D mutation among the infertile
males. When compared with European populations, H63D heterozy-
gotes are rare in the Chinese Han population. Different ethnic and
genetic backgrounds could be associated with relatively uncommon
iron overload and male infertility in the population studies. To derive
a more precise estimation of the association between the HFE muta-
tions and the risk of male infertility, we performed a meta-analysis. A
comprehensive search was conducted to identify all case-control stud-
ies of HFE mutations and male infertility risk. We used ORs with 95%
ClIs to assess the strength of the association. Overall, we found that
both H63D and C282Y mutations were not significantly associated
with male infertility risk (Table 6 and Figures 1 and 2). To further
investigate the relevance of HFE mutations to the pathogenesis of male
infertility, a large-scale population screen is necessary.
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