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GENETIC VARIANT OF LUTEINIZING HORMONE IN CZECH
REPUBLIC
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Objective. To evaluate the frequency of luteinizing hormone (LH) variant in males and females
in West region of the Czech Republic. This species of mutated LH concerns borderline alterations
in pituitary-gonadal function, including higher risk for the development of more aggressive forms
of prostate carcinoma in males.

Methods. The examined normal population consisted of randomly selected 82 males and 175
females (age range of 14 to 72 years). Variant LH was determined by immunofluorimetric method
using two pairs of monoclonal antibodies, one of which detecting both wild-type (w+) and variant
LH, while the other detecting only w+-LH.

Results. The carrier frequency of the variant LH allele in the population sample was
17.5 % (12.2 % in males and 20.6 % in females) which was within the range of the European
prevalence.

Conclusion. The prevalence of the common variant of LH in the investigated region of West
Bohemia was close to that of other Middle-European and North-European populations.
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The common variant of LHβ subunit was re-
cently discovered by Huhtaniemi and coworkers
(HUHTANIEMI 1998; HUHTANIEMI et al. 1996; NILS-
SON et al. 1996; PETTERSSON et al. 1992). This vari-
ant occurs worldwide with frequency from 0 to
over 50 % in various populations. In most of the
Caucasian population, the carrier frequency is
about 15 % (NILSSON et al. 1998). The lowest fre-
quency was observed in Kotas ethnics of South
India (0 %), the highest in Finnish Lapps (41,9 %)
and in Australian Aborigines (51.5 %). The vari-
ant allele of the LHβ subunit gene differs from
the wild type LHβ subunit gene by two point mu-
tations, both altering the aminoacid sequence
(Trp8Arg and Ile15Thr). The latter mutation also
introduces an extra glycosylation signal to the LHβ
chain. In addition, several mutations are found in
the promoter of the variant gene, which is tran-
scriptionally only slightly, while biologically much

more active than the wild type gene (JIANG et al.,
unpublished).

The bioactivity of the LH variant is increased (by
in vitro assay), but some monoclonal antibodies de-
tecting the intact LHα/β dimer do not recognise it
in radioimmunoassay. The circulatory half time of
the variant LH is shorter than that of wild type hor-
mone. Although the LH variant has not appeared to
be clearly related to gonadal dysfunction, in vari-
ous clinical conditions it was observed that indi-
vidual homo- or heterozygotes carrying the variant
show several borderline alterations in pituitary-go-
nadal function such as the significantly delayed
puberty in boys carrying the variant LHβ allele
(HUHTANIEMI 1998; HUHTANIEMI et al. 1996). Like-
wise, in women with polycystic ovary syndrome the
frequency of LH variant was found significantly
lower in the obese subgroup compared to the lean
subjects and healthy controls (TAPANAINEN et al.
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1999). In men, the carriers of the LHβ variant al-
lele maintain higher testosterone levels at advanced
age, and may develop the more aggressive forms of
prostate cancer (HUHTANIEMI et al., unpublished ob-
servation).

In conclusion, the variant LH may explain a part
of the large inter-individual variation in pituitary-
gonadal function, and may be a contributing factor
in various disorders of gonadal steroidogenesis. For
this reason it seems to be the point of interest in which
frequency the variant LH occurs in the normal Czech
population.

Subjects and Methods

Subjects. Males and females of age range from
14 to 72 years were randomly selected from the pop-
ulation register in Cheb district in West Bohemia.
The examination of the population was a part of io-
dine deficiency field survey and the subjects were
examined mainly with respect to their thyroid sta-
tus, including physical, laboratory and ultrasound ex-
amination. The population studies consisted of 175
females (average age 42, median 45 years, and range
14-72 years) and 82 males (average age 43, median
44 and range 18-65 years). Blood was withdrawn
from the cubital vein and serum was frozen until pro-
cessed in the laboratory.

The protocol of the study was approved by the Eth-
ical Committee, Institute of Endocrinology, Prague.

Immunofluorometric assays of serum LH. For
LH determination the method of PETTERSSON et al.
(1992) was used. Th commercial kit Delfia LH spec
(Wallac OY, Turku, Finland) which uses two LH β-
subunit specific monoclonal antibodies (mAb) served
as the reference method assay (assay 2). In the other
assay (assay 1) the capture mAb recognises
a conformational epitope present in the intact α/β LH
dimer but not in the subunits, and the detection mAb
recognises an epitope in the subunit α. The procedures
followed the instructions indicated by the producer.
The ratio of LH values measured by the two assays
(assay 1 and assay 2) was used to assess the variant
and the wild-type LH status. Three separate catego-
ries of this ratio were obtained: A. normal ratio (>0.9),
B. low ratio (0.2 to 0.9), C. zero ratio (<0.15). The
individual with a normal ratio individual has two wild-
type LH alleles, while a low ratio individual is het-

erozygous for the LH variant allele and a zero ratio
individual is homozygous for the variant LHβ gene,
as confirmed by DNA analysis (NILSSON et al. 1997).

The sensitivity of the two immunofluorimetric
assays was 0.05 mIU/ml, and the intra-assay and in-
ter-assay coefficients of variation were <4% and
<5 %, respectively, at LH concentrations at and above
the lowest standard concentration (0.6 mIU/ml of the
WHO International Reference Preparation 80/552).

Statistical evaluation. Because of the strongly
skewed distribution in LH and LH-variant and non-
linear relations between the age and the levels of LH
or LH-variant, the correlations between variables were
evaluated by robust non-parametric Spearman�s rank
correlation test. Only for the comparison of two assay
variants the Pearson�s correlation after logarithmic
transformation of both LH and LH-variant was used.
The differences in LH or LH-variant levels between
the clusters Age-LH in female wild-type homozygotes
and between the clusters Age-LH-variant in female
wild-type-LH variant heterozygotes were evaluated by
ANOVA followed by Scheffe�s test. The values of LH
or LH-variant were transformed by power transfor-
mation (lambda=0.4) prior to testing because of the
skewed distribution of the original data.

Results

The frequency of hetero- and homozygotes and
the wild-type LH in males and females, the homo-
geneity of the population sample as concerns LH
secretion and the age dependence were studied.

The overall characterisation of the groups is giv-
en in Table 1.

The validity of the discrimination between wild-
type LH and heterozygotes is demonstrated in Fig.
1 which represents the correlation between the log
plot of LH, determined by assay 1 and 2. There is no
overlap between the 95 % confidence interval for
predictions of the linear fits in wild-type homozy-
gotes and wild-type-LH-variant heterozygotes.

The frequency of LH-variant in males was
12.2 % (10 heterozygotes versus 72 �wild type� ho-
mozygotes) and 20.6 % in females (1 LH-variant ho-
mozygote, 35 heterozygotes versus 139 �wild type�
homozygotes). From the total number of probands
3.9 % were male heterozygotes, and 13.6 % female
heterozygotes. The chi-square test did not reveal any



105GENETIC LH VARIANT IN CZECH POPULATION

Table 1: Summary statistics of the data in the population group investigated

”wild type”

Statistics Female Male

Age

[years]

LH intact

[mIU/l]

LH spec

[mIU/l]

LH nt /

LH spec

Age

[years]

LH intact

[mIU/l]

LH spec

[mIU/l]

LH nt /

LH spec

Count 139 139 139 139 72 72 72 72

Average 42.09 23.70 15.78 1.48 43.43 6.41 4.41 1.45

Median 45.00 13.10 9.20 1.49 45.00 5.57 3.88 1.45

Geom.  mean 39.84 13.26 8.96 1.48 40.93 5.91 4.07 1.45

SD 12.86 23.62 15.49 0.12 13.61 2.98 2.02 0.06

Minimum 14.00 0.24 0.19 1.19 18.00 1.84 1.28 1.36

Maximum 72.00 114.00 71.80 2.59 65.00 18.40 13.20 1.74

Lower quartile 31.00 5.84 3.99 1.44 34.50 4.42 3.13 1.40

Upper quartile 52.00 37.40 24.20 1.52 53.50 7.30 5.00 1.49

Stnd. skewness -1.32 6.32 6.05 24.38 -1.28 7.38 7.79 4.50

Stnd. kurtosis -2.09 3.06 2.34 113.11 -1.40 9.30 11.00 7.89

heterozygotes

Statistics Female* Male

Age

[years]

LH intact

[mIU/l]

LH spec

[mIU/l]

LH nt /

LH spec

Age

[years]

LH intact

[mIU/l]

LH spec

[mIU/l]

LH nt /

LH spec

Count 36 36 36 36 10 10 10 10

Average 41.47 10.92 16.34 0.70 40.80 4.11 5.65 0.73

Median 43.50 4.71 7.05 0.72 42.00 3.68 4.86 0.73

Geom. mean 39.37 5.38 9.05 0.60 39.01 3.49 4.79 0.73

SD 12.38 11.95 17.23 0.13 11.91 2.80 3.94 0.03

Minimum 17.00 0.03 1.33 0.00 21.00 1.75 2.35 0.68

Maximum 62.00 41.40 59.90 0.83 59.00 10.90 15.30 0.78

Lower quartile 35.50 2.34 3.29 0.70 34.00 2.00 2.92 0.71

Upper quartile 51.00 18.65 26.55 0.74 48.00 4.01 5.38 0.75

Stnd. skewness -0.93 2.98 2.77 -12.32 -0.51 2.41 2.51 -0.14

Stnd. kurtosis -0.97 0.27 -0.04 34.74 -0.24 2.34 2.52 -0.51

* LH-variant homozygote included
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significant differences in the frequency between
males and females.

The LH age dependence in male wild-type ho-
mozygotes showed a slight but significant positive
correlation (r=0.3303, n=72, P<0.0054). The corre-
lation coefficient in LH-variant age dependence in
male heterozygotes was even higher, but unsignifi-
cant because of the low number of measurements
(r=0.5228, n=10, P<0.1168). Both in female wild-
type homozygotes and heterozygotes a pronounced
positive age dependence was found in LH (r=0.6668,
n=139, P<0.0001) and LH-variant (r=0.5825, n=36,
P<0.0006), respectively. The increased levels of LH
and LH-variant in perimenopausal and postmeno-
pausal women caused the pronounced age depen-
dence of both LH and LH-variant. The certain vari-
ance found in LH and LH-variant levels was caused
by the presence of samples obtained from women
regardless to the phase of menstrual cycle.

The cluster analysis of LHspec and LHintact showed
no clustering of LH or LH-variant neither in wild-
type male homozygotes nor in male heterozygotes
when plotted with age. However, in females the well
separable clusters appeared in both types of LH.

LH vs. Age cluster plot in female wild-type ho-
mozygotes showed four groups. The first group in-
volved females in fertile age, the second group con-
stituted two outliers in fertile age, and the third and

the fourth groups involved perimenopausal and post-
menopausal women (Fig. 2). Significant differences
between the clusters in the levels of LH were found
using ANOVA followed by Scheffe�s test (Fig. 3).

LH-variant vs. Age cluster plot in female wild-type-
LH-variant heterozygotes showed four groups. First and
the second group involved females in fertile age, the
third group was LH-variant homozygote in fertile age
and the fourth group involved perimenopausal and post-
menopausal women (Fig. 4). Significant differences
between clusters in the levels of LH-variant were found
using ANOVA followed by Scheffé�s test (Fig. 5).

Discussion

The survey of worldwide frequency of the LH
variant in various populations revealed that it is
a universally common polymorphism (NILSSON et
al. 1997). With the exception of Australian Aborig-
ines, the highest frequencies of variant LHβ allele,
in general, are in the northern parts of  Eurasia, while
the frequency decreases with increasing geograph-
ic distance and is lowest in Asian or in Asia origi-
nating (native Mexican Indians) populations. It has
been suggested that the structure of variant LH is
closer to hCG than that of wild-type LH, especially
in the first 20 N-terminal amino acids. The glyco-
sylation signal presented by amino acids 13-15 is

Fig. 1 Determination of LH by two assay variants. Pearson�s correlations between log(LH
intact

) and log(LH
spec

) in wild-type
and in heterozygotes.
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Fig. 2 Clustering of the LH levels when plotted against age in female wild-type homozygotes. The method of group average
combined with the euclidean between-cluster distance was used. Cluster 1 � circles, cluster 2 � rhombuses, cluster 3 �

triangles, cluster 4 � reversed triangles, centroids � crosses.

Fig. 3 Differences in the levels of LH between the clustered groups in wild-type female homozygotes. For the statistical evaluation
ANOVA followed by Scheffe�s test was used. The significant differences (P<0.05) were found between clusters 1-2, 1-3, 1-4, 3-4.

Fig. 4 Clustering of the LH-variant when plotted against age in female �wild type�-LH-variant heterozygotes. The method
of group average combined with the euclidean between-cluster distance was used. Cluster 1 � circles, cluster 2 � rhombuses,

cluster 3 � triangles, cluster 4 � reversed triangles, centroids � crosses.
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identical for hCGβ and variant LHβ, not for wild-
type LHβ. It seems that the variant LH represents
an evolutionary older form of LH. Occurrence of
both types indicates that the process of natural se-
lection has not yet been accomplished. It is either
because the evolutionary divergence is too recent
or the functional advantage of the wild-type LH is
only marginal. From this point of view it is not sur-
prising that the prevalence in Czech Republic does
not differ from that in the North or Central Europe.
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Fig. 5 Differences in the levels of LH-variant between the clustered groups in female �wild type�-LH-variant heterozygotes.
For the statistical evaluation ANOVA followed by Scheffe�s test was used. The significant differences (P<0.05) were found

between clusters 1-3, 1-4, 2-3, 3-4.


