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Abstract. To explore the association between mutations of 
Trp8Arg and Ile15Thr in the luteinizing hormone (LH) gene 
and female infertility, primary female infertility patients 
(n=60) and normal healthy women (n=60) were screened for 
mutations Trp8Arg and Ile15Thr in the LH-β subunit gene 
by polymerase chain reaction-restriction fragment length 
polymorphism, and associations were examined between 
the mutations and female infertility. The results showed that 
there were significant differences in the allele and genotype 
frequencies of Trp8Arg and Ile15Thr between the two groups 
(P<0.05). A significant difference was noted in the LH level 
among women with different genotypes (P<0.05), and the 
LH level was highest in women who were homozygous for 
both mutations. However, there were no significant differ-
ences in FSH level and FSH/LH ratio among subjects with 
different genotypes (P>0.05). In conclusion, polymorphisms 
of Trp8Arg and Ile15Thr in the LH-β subunit gene occur in 
infertile women. The polymorphisms correlate with female 
infertility and may be a risk factor in the pathogenesis of 
female infertility.

Introduction

Infertility is a worldwide medical and social problem, 
currently occurring in 10-15% of married couples (1). The 
causes of female infertility are complicated and have various 
influencing factors, including genetic factors (2). Luteinizing 
hormone (LH) plays a crucial role in the growth and devel-
opment of follicles, and genetic mutations in LH may affect 
its biological function (3). Currently, two point mutations 
(Trp8Arg and Ile15Thr) in the gene encoding the LH-β subunit 
have been described. However, there is limited knowledge on 
the relationship between these mutations and infertility. In 
this study, the relationship between mutations of Trp8Arg and 
Ile15Thr of the LH-β subunit and infertility is examined.

Materials and methods

Experimental subjects. Subjects included female patients 
(n=60) aged 24-42 years, with a mean age of 31.35 (±3.59) 
years with primary infertility treated at the Affiliated Hospital, 
School of Medicine, Anhui University of Science and 
Technology, from July 2009 to July 2011. Healthy women 
(n=60) aged 24-39 years, with a mean age of 30.50 (±3.29) 
years with normal physical examinations were selected as the 
control group during the same time period. The inclusion criteria 
for subjects in the treatment group were abnormal menstrual 
cycle, an LH level above the normal range, no concomitant 
medical diseases, such as diabetes, tuberculosis, endocrine 
diseases (thyroid, adrenal gland), recent surgical diseases 
and congenital diseases, and no hormone therapy in the last 
3 months prior to enrollment. The inclusion criteria for healthy 
women in the control group were previous pregnancy, normal 
menstrual flow and cycles, normal LH levels, no hormone 
therapy in the last 3 months prior to enrollment and no recent 
surgical or medical diseases. There was no significant differ-
ence in ages between the two groups (P>0.05). Patient consent 
was obtained by all patients. Approval was obtained by the 
Ethics Committee of School of Medicine, Anhui University of 
Science and Technology. 

Experimental methods
DNA extraction. Peripheral venous blood (2 ml) was taken 
from each subject in the morning in a fasted state and placed in 
sterile EDTA tubes. Genomic DNA was extracted using DNA 
extraction kits (Takara Biotech, Dalian, China). Extracted 
DNA was quantified by the ultraviolet spectrophotometric 
method and then maintained at -20˚C for later use.

Primer design and synthesis. Tpr8Agr and Ile15Thr muta-
tions are both located in the 2nd exon of the LH-β subunit 
gene that has an amplified fragment length of 660  bp. 
The primers were designed according to the literature 
(4,5), with an oligonucleotide primer sequence of sense 
5'-AGTCTGAGACCTGTGGGGTCAGCTT-3' and antisense 
5'-GGAGGATCCGGGTGTCAGGGCTCCA-3'. The primers 
were synthesized by Takara Biotech.

PCR amplification. The total PCR reaction volume was 50 µl 
and included 5.0 µl of 10X buffer (15 mM MgCl2), 4.0 µl of 
dNTP (200 µmnol/l), 1.0 µl of each primer (25 pmol/µl), 0.5 µl 
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of TaqDNA polymerase (5 U/µl) and 4 µl of DNA template. 
Deionized water was added for a total volume of 50 µl.

Reaction conditions were 94˚C for 5 min of denaturation, 
and 32 cycles of 94˚C for 30 sec of denaturation; 60˚C for 
1 min of annealing and 72˚C for 2 min of extension. PCR 
amplification success was determined by electrophoresis with 
a 2% agarose gel containing 0.5 mg/ml ethidium bromide. 
Bands were visualized with ultraviolet light and photographed 
with the Gel Doc1000 UV gel-imaging system (Bio-Rad).

Analysis of restrictive fragment length polymorphism 
NcoI endonuclease and ForkI endonuclease (10 U/µl; NEB 
Corporation) were used for enzymatic digestion. Reactions 
were carried out in a total volume of 20:10 µl of PCR product, 
2.5 µl of 10X buffer, 2 µl of endonuclease and water to 20 µl. 
The reaction was mixed evenly and placed in a 65˚C water bath 
and digested for 4 h. Fragmentation was determined by electro-
phoresis with a 2% agarose gel (containing 0.5 mg/ml ethidium 
bromide). Bands were visualized with ultraviolet light and 
photographed with the Gel Doc1000 UV gel-imaging system.

Sequence determination of the DNA sequences of the PCR 
product was carried out using ABI PRISM™ 377XL DNA 
Sequencer (Takara Biotech).

Statistical analysis. SPSS13.0 software was used to process 
the data. Mean ± standard deviation was used to express the 
measured data. The χ2 test was used to analyze the gene allele 
and genotype frequencies of the mutations of the LH-β subunit 
between the two groups. Single-factor analysis of variance was 
applied to compare LH, FSH and FSH/LH ratios of women 
with different genotypes. Within-group pairwise comparisons 
were conducted using Student-Newman-Keuls (SNK). The 
tests were two-sided with a test level (α) of 0.05, and a P-value 
<0.05 was considered to denote statistical significance.

Results

Results of electrophoresis and sequencing. The amplified 
fragment length of the LH-β subunit gene was 660 bp. For 
PCR products digested through NocI, the normal wild-type 
(Tpr/Tpr-type) showed three bands of 475, 100 and 85 bp. The 
Tpr8Agr mutation homozygote (Arg/Arg-type) showed two 
bands of 475 and 185 bp. The Tpr8Agr mutation heterozygote 
(Arg/Tpr-type) showed four bands of 475, 185, l00 and 85 bp 
(Fig. 1). For PCR products digested with ForkI, the normal 
wild-type (Ile/Ile-type) showed four bands of 390, 176, 51 
and 43 bp. The Ilel5Thr mutation homozygote (Thr/Thr-type) 
showed three bands of 433, 176 and 51 bp. The Ilel5Thr muta-
tion heterozygote (Thr/Ile-type) showed five bands of 433, 390, 
176, 51 and 43 bp (Fig. 2).

Results of the RFLP analysis. Of the 120 subjects, 100 (83.3%) 
were normal wild-type (Trp/Trp-type) for the Trp8Arg muta-
tional genotype, 15 (12.5%) were mutation homozygotes (Arg/
Arg-type), and 5 (4.2%) were mutation heterozygotes (Arg/
Trp-type). The Trp allele frequency was 89.6% and the Arg 
allele frequency was 10.4%. There was a statistically signifi-
cant difference in genotype and allele frequencies between the 
two groups (P<0.05), as shown in Table I.

Of the 120 subjects, 103 (85.8%) were normal wild-type 
(Ile/Ile type) for the Ile15Thr mutation, 14 (11.7%) were muta-

tion homozygotes (Ile/Thr-type), and 3 (2.5%) were mutation 
heterozygotes (Thr/Thr-type). The Ile allele frequency was 
91.7% and the Thr allele frequency was 8.3%. There was a 
statistically significant difference in genotypes and allele 
frequencies between the two groups (P<0.05), as shown in 
Table II.

FSH, LH and FSH/LH ratio as related to genotype. Tables III 
and IV show that the LH levels were significantly different 
among the different genotypes (P<0.05), while FSH levels 
and FSH/LH ratios were not significantly different (P>0.05). 
Compared to the normal wild-type, subjects with a homozy-
gous mutation had significantly higher LH levels (P<0.05).

Discussion

LH is a gonadotropin secreted by the anterior pituitary 
under stimulation of hypothalamic gonadotropin. LH plays 
a crucial role in estrogen synthesis and ovum maturation (6). 
LH belongs to a glycoprotein family that shares a common 
α subunit yet contains a unique β subunit (7). The α subunit 
varies in individuals of different ethnic race, yet is not related 
with antigenicity and levels of LH. While the β subunit 

Figure 1. Electrophoretogram of the Trp8Arg mutation in the LH-β subunit. 
Lane M, DNA marker; lane 1, PCR product; lane 2, mutation heterozygote; 
lane 3, mutation homozygote; lane 4, normal wild-type.

Figure 2. Electrophoretogram of the Ile15Thr mutation in the LH-β subunit. 
Lane M, DNA marker; lane 1, PCR product; lane 2, mutation homozygote; 
lane 3, normal wild-type; lane 4, mutation heterozygote.
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determines the antigenicity and its physiological function, 
it only presents its bioactivity after formation of a complete 
heterodimer through non-covalent bonding with the α subunit 
(8). The molecular weight of LH is 29.4 kDa. Its α subunit 
is composed of 92 amino acids with molecular weight of 
14.6 kDa, and its β subunit is composed of 112-114 amino 

acids with a molecular weight of 14.8 kDa. The structure and 
function of LH are similar to human chorionic gonadotropin, 
as the two hormones employ the same receptor (9).

The LH-β subunit is encoded by a single gene that is 
located on chromosome 19ql3.3. Its overall length is 1.65 kb 
and consists of three exons with 2 missense T~C mutations at 

Table I. Genotype and allele frequencies of the Trp8Arg mutation in the LH-β subunit between the two groups [n (%)].

	 Genotype frequencya	 Allele frequencyb

	 -------------------------------------------------------------------------------------------	 --------------------------------------------------------
Group	 n	 Trp/Trp	 Trp/Arg	 Arg/Arg	 Trp	 Arg

Study group	   60	   45 (75.0)	 11 (18.3)	 4 (6.7)	 101 (84.2)	 19 (15.8)
Control group	   60	   55 (91.7)	   4   (6.7)	 1 (1.7)	 114 (95.0)	   6   (5.0)
Total	 120	 100 (83.3)	 15 (12.5)	 5 (4.2)	 215 (89.6)	 25 (10.4)

aχ2=6.067, P=0.048; bχ2=7.546, P=0.006.

Table II. Genotype and allele frequencies of the Ile15Thr mutation in the LH-β subunit between the two groups [n (%)].

	 Genotype frequencya	 Allele frequencyb

	 -------------------------------------------------------------------------------------------	 --------------------------------------------------------
Group	 n	 Ile/Ile	 Ile/Thr	 Thr/Thr	 Ile	 Thr

Study group	   60	   47 (78.3)	 10 (16.7)	 3 (5.0)	 104 (86.7)	 16 (13.3)
Control group	   60	   56 (93.3)	   4   (6.7)	 0 (0.0)	 116 (96.7)	   4   (3.3)
Total	 120	 103 (85.8)	 14 (11.7)	 3 (2.5)	 220 (91.7)	 20   (8.3)

aχ2=6.358, P=0.042; bχ2=7.855, P=0.005.

Table III. Comparison of LH, FSH level and FSH/LH ratio among the different Trp8Arg mutation genotypes.

Genotype	 n	 FSH (IU/l)	 LH (IU/l)	 FSH/LH

Arg/Arg	     5	 6.15±0.55	 20.54±1.37	 0.300±0.03
Arg/Trp	   15	 5.68±0.88	 18.12±2.14	 0.321±0.08
Trp/Trp	 100	 6.13±1.74	  16.62±3.46a	 0.380±0.14
F		  0.500	 4.448	 2.445
P		  0.608	 0.014	 0.091

aP<0.05 vs. the genotype of Arg/Arg.

Table IV. Comparison of LH, FSH level and FSH/LH ratio among the different Ile15Thr mutation genotypes.

Genotype	 n	 FSH (IU/l)	 LH (IU/l)	 FSH/LH

Thr/Thr	     3	 6.36±0.45	 21.07±1.22	 0.30±0.04
Ile/Thr	   14	 5.93±0.91	 18.51±2.12	 0.33±0.07
Ile/Ile	 103	 6.08±1.72	  16.65±3.43a	 0.38±0.14
F		  0.105	 4.394	 1.573
P		  0.901	 0.014	 0.212

aP<0.05 vs. the genotype of Thr/Thr.
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different locations in the 2nd exon. The first missense mutation 
can replace the 8th codon encoding the product tryptophan 
(Trp) to arginine (Arg), and the second missense mutation can 
replace the 158th codon encoding product isoleucine (Ile) to 
threonine (Thr) (10). The LH-β gene has a variety of muta-
tions that may lead to luteal phase deficiency symptoms, such 
as anovulation, inadequate luteal phase and immature follicle 
rupture. These symptoms contribute to menstrual disorders, 
polycystic ovarian syndrome, frequent miscarriage and infer-
tility. The mechanism of these effects are unknown, but may 
relate to the incapacity of mutated LH to normally interact 
with its receptors (11).

Trp8Arg and Ile15Thr are LH-β subunit gene mutations 
found in females, usually occurring simultaneously (12). 
Suganuma et al (13) found that mutations of Trp8Arg and 
Ile15Thr of the LH-β gene may be related to menstrual disor-
ders and menstrual disease in females. The Trp8Arg mutation 
produces an extra glycosylation signal in the LH-β chain that 
promotes the number 13 codon Ans to produce an oligosac-
charide side chain (Asn-X-Thr), leading to changes in structure 
and function of the LH-β subunit. Takahashi et al (14) showed 
that Trp8Arg and Ile15Thr mutations were closely correlated 
with polycystic ovarian syndrome in Japanese women. The 
typical function of LH is responsible for ovarian and testicular 
circulation. Gonadal tissues in these two organs, such as 
membrane, granulosa and luteal cells of the ovary, have a high 
density of LH receptors. It is believed that these receptors on 
the cell membrane are common, yet LH receptors on granulosa 
cells are essential for the follicular maturation process, and LH 
receptors in luteal cells will increase during luteal growth and 
decrease during luteal degradation (15).

LH plays an important role in ovulation and the synthesis of 
ovarian hormones. In the normal menstrual cycle, the follicle 
may rupture and ovulation begins 24 h after the peak LH level. 
The primary function of this peak in LH is to promote recovery 
of oocyte meiosis and granulosa cell differentiation, to inhibit 
granulosa cell proliferation and to induce ovulation. However, 
the effect of LH on ovum development in the follicular phase 
is unclear (16).

Results from this study revealed that the allele frequency 
and genotype frequency of LH-β subunit gene mutations 
Trp8Arg and Ile15Thr were significantly different between 
infertile women and healthy women. In addition, LH levels 
significantly differed among women of different genotypes, 
with the highest LH level in women with both mutations. 
However, FSH and the FSH/LH ratios were not significantly 
different. Results suggest that mutations in LH-β subunit 
Trp8Arg and Ile15Thr correlate with female infertility and 
may be a risk factor for female infertility. The mechanism(s) 
of the effect are possibly related to the inability of mutated 
LH to bind normally with LH receptors. This effect may 
reduce LH-related biological effects, such as follicle growth 
and development. However, the potential mechanisms require 
further study.
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