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homozygote wild type. We also found three polymorphic
changes, previously reported in exon 1. The Asn-into-
Lys change is likely deleterious because it leads to a
nonconservative amino acid substitution, changing a highly
conserved residue. This mutation, located in the A-chain
of the INSL3 protein, is the first mutation reported in this
region. This finding provides new evidence that INSL3
is involved in testicular descent in humans; however,
mutations of this gene are not a frequent cause of
cryptorchidism.
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Introduction

Male phenotypic development is a complex process in
which many genes and hormonal factors intervene. Al-
though many of the underlying mechanisms have been es-
tablished, testicular descent to the scrotum has not been
perfectly elucidated. During testicular descent in the nor-
mal male fetus, the developing testis migrates from its initial
position high in the abdomen into the scrotum. The differ-
ential development of two ligaments of the genital mesen-
tery — the gubernaculum and the cranial suspensory
ligament — determines the dimorphic position of the exist-
ing gonad. This process comprises a transabdominal phase
in which the development of the gubernaculum and the
regression of the cranial suspensory ligament result in the
migration of the testis into the inguinal region and an
inguinoscrotal phase in which the testis descends to the base
of the scrotum. In humans, the first phase of testicular de-
scent occurs between 10 and 15 weeks of gestation; and the
second phase occurs at 28–35 weeks of gestation (Hutson
et al. 1997).

Undescended testes affect 3.4% to 5.1% of all male
infants at birth (Scorer 1964; John Radcliffe Hospital Cryp-
torchidism Study Group 1992), but less than half of them
persist with the abnormality at 1 year of age (Thong et al.
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Abstract Two independent studies demonstrated that
transgenic mice with a targeted deletion of the insulin-like 3
(INSL3) gene presented bilateral cryptorchidism. Studies in
humans have investigated the possibility that mutations in
the INSL3 gene are the cause of cryptorchidism. In the
present study, genomic DNA was obtained from 150 pa-
tients with idiopathic cryptorchidism. DNA was amplified
and the polymerase chain reaction products of both exons
were sequenced. A previously unidentified missense muta-
tion was found in only one of the patients studied. In exon
2, a heterozygous C/G substitution at nucleotide 2560,
which turned asparagine into lysine at codon 86, was docu-
mented. The familial study revealed that the mother was a
heterozygous carrier of the mutation and the father was a
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1998). Cryptorchidism is associated with a higher risk of
developing testicular tumors in adulthood, the risk being
five- to tenfold greater than in normal men (Woodhouse
1991; United Kingdom Testicular Cancer Study Group
1994). To produce viable and mature spermatozoa, testicu-
lar temperature must be 1.5°C–2.0°C below body tempera-
ture; thus undescended testes also cause infertility (Leissner
et al. 1999).

Because testicular descent requires various changes in
both ligaments, several testicular factors have been investi-
gated (van der Schoot and Elger 1992; Behringer et al. 1994;
van der Schoot et al. 1995; Mishina et al. 1996; Emmen
et al. 1998). These studies suggested that a specific factor
(descendin) mediated testicular descent (Husmann and
Levy 1995). Recently, insulin-like 3 (INSL3), a member of
the insulin-like hormone superfamily that is specifically
expressed in fetal and adult Leydig cells and is involved in
testicular descent, has been characterized (Adham et al.
2000). The gene and its protein product have been identi-
fied in several species (Adham et al. 1993; Burkhardt et al.
1994; Bathgate et al. 1996; Pusch et al. 1996; Roche et al.
1996; Zarreh-Hoshyari-Khah et al. 1999). This hormone has
a sexually dimorphic expression in mice; analyses of gene
transcripts have revealed fetal testes transcripts at embry-
onic day 13.5, whereas no transcripts were detected in fetal
ovaries (Zimmermann et al. 1997). Two independent stud-
ies have demonstrated that transgenic mice with targeted
deletion of this gene presented bilateral cryptorchidism, as
well as other sexual abnormalities (Nef and Parada 1999;
Zimmermann et al. 1999). Several studies in humans inves-
tigated the possibility that mutations in the INSL3 gene
were the cause of cryptorchidism; however, three mutations
have been documented in only two of these studies
(Tomboc et al. 2000; Marin et al. 2001b).

Here we report the molecular findings regarding the
INSL3 gene in 150 unrelated patients with unilateral or
bilateral cryptorchidism.

Patients and methods

Patients

Blood samples for extraction of genomic DNA were
obtained from 150 patients with idiopathic unilateral (left,
n � 48; right, n � 57) or bilateral (n � 45) cryptorchidism
(or history of cryptorchidism), as well as from 50 male con-
trols. All individuals were of Mexican mestizo ethnic origin;
the families were not related. All individuals were products
of uneventful pregnancies and none of them was born
preterm. The family history was obtained from the patients
or from their parents, with a cryptorchid first-degree
relative documented in the families of 27 patients. Ages
of the subjects ranged from 2 months to 27 years. The
study was approved by the Institute’s Human Research
Committee; written informed consent was obtained
from all adult participants and from the parents of all
children.

Methods

Genomic DNA was isolated from the blood leukocytes
of all patients, as well as from normal male controls by
standard techniques (Sambrook et al. 1989). DNA prepared
from blood was amplified by polymerase chain reaction
(PCR) in 50µl of reaction mixture containing 0.5µg ge-
nomic DNA, 200µM each deoxyribonucleotide triphos-
phate, 2.0U of Thermostable DNA polymerase (AmpliTaq,
Applied Biosystems, Foster City, CA, USA), and 0.4µM
of each specific set of primers. The INSL3 primers for
both exons were previously described by Tomboc et al.
(2000):

exon 1: 5�-TGGGAGAAAGGCTCTGGCAC-3�
5�-CTGGGCTCATGCATGCAAAC-3�

exon 2: 5�-TGCATGCATGAGTGTTTGGTGGG-3�
5�-ATCAGTAGGGACAGAGGGTC-3�

PCR conditions for both exons were 94°C for 5min fol-
lowed by 30 cycles of 94°C for 1min, 64°C for 1min, and
72°C for 1min. This was terminated by 72°C for 7min.

After amplification, PCR products were electrophoresed
on 1.2% agarose gels and stained with ethidium bromide to
verify the correct size of the expected fragments (452bp for
exon one; 325bp for exon two).

PCR products were purified using the Qiaex II gel
extraction kit (Qiagen GmbH, Hilden, Germany). These
products were then sequenced (0.01µg DNA template reac-
tion) on an ABI 377 automated DNA sequencer (Perkin-
Elmer, Applied Biosystems Division) using the BigDye
Terminator Cycle Sequencing Ready Reaction kit (Perkin-
Elmer). PCR conditions were identical to those described
earlier. In all cases, both strands were sequenced and
compared.

Each mutation or sequence variation was confirmed
in three independent PCR amplification and sequencing
analyses.

Results

Direct sequencing of both exons of the INSL3 gene in all
150 patients revealed a previously unidentified heterozy-
gous missense mutation in only one of the patients studied.
The propositus presented at our outpatient clinic at the age
of 3 years and 5 months because of a right undescended
testis that was localized, at the time of surgical correction,
within the right inguinal canal. The left testis was located in
the scrotum and had a volume of 2.3ml. Penis length was
3.5cm and there was no genital ambiguity. There was no
family history of cryptorchidism; the patient had no siblings.
Sequence analysis showed, in exon 2, a heterozygous C-to-
G substitution at nucleotide 2560, turning asparagine into
lysine at codon 86. Sequence analysis from DNA samples
obtained from both parents of the propositus was also ex-
amined. The mother was a heterozygous carrier of the 2560
CÆG mutation. The father was a homozygote wild type
(Fig. 1). Fifty normal male individuals (100 alleles) did not
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harbor the mutation at nucleotide 2560, being homozygous
wild type.

Likewise, we found three different polymorphic changes
previously reported in exon 1. The first is a G-to-A substitu-
tion at nucleotide 1167 encoding alanine; this change did
not alter the encoded amino acid. The second variation was
detected in nucleotide 1266, in which a G-to-A substitution
did not change the encoded amino acid (leucine). Finally,
we found a G-to-A substitution at nucleotide 1318, which
turned alanine into threonine. These changes were also
found in the controls studied.

Discussion

Undescended testes are associated with infertility and a
higher risk of developing testicular neoplasms (Scorer 1964;
John Radcliffe Hospital Cryptorchidism Study Group
1992). Cryptorchidism can be unilateral or bilateral and, on
the basis of its location, can be classified as abdominal,
canalicular, ectopic, or retractile (Leissner et al. 1999). The
abdominal testis is often located at the internal inguinal
ring, the canalicular testis is located within the canal or at
the top of the scrotum, and the ectopic testis is out of its
normal pathway. Intracanalicular localization, where the
cryptorchidic gonad of our patient with the missense muta-
tion was located, has been found in 71.5% of patients with
cryptorchidism (Cendron et al. 1993).

Although testicular descent to the scrotum has not been
perfectly elucidated, it has been established that develop-
ment of the gubernaculum and the cranial suspensory
ligament determines testicular positioning. A testicular hor-
mone involved in testicular descent (INSL3) was character-
ized by Adham et al. (2000). The gene that codifies this
hormone is expressed predominantly in Leydig cells of fetal
and adult testes, suggesting it is a marker of Leydig cell

differentiation (Bamberger et al. 1999; Klonisch et al. 1999).
This hormone has been demonstrated in human circulation
(Bullesbach et al. 1999), and specific high-affinity INSL3
receptors have been identified, suggesting an endocrine role
of INSL3 (Bullesbach and Schwabe 1999). Indeed, recently
Kumagai et al. (2002) demonstrated that INSL3 is the
cognate ligand for the LGR8 receptor, which is vital for
testicular descent.

The studies performed by Zimmermann et al. (1999) and
by Nef and Parada (1999) demonstrated that transgenic
mice with targeted deletions of this gene presented bilateral
cryptorchidism, infertility, normal male development of the
external genitalia, and normal androgen-dependent con-
duct. These mice presented abnormalities in the develop-
ment of the gubernaculum, normal Wolffian development,
and absence of Müllerian duct structures, demonstrating
that the function of this gene is independent from androgen
and from Müllerian-inhibiting hormone. Based on this evi-
dence, several studies in humans have investigated the pos-
sibility that mutations in the INSL3 gene are the cause of
cryptorchidism; however, only in two of these studies were
three causative mutations found (Tomboc et al. 2000; Marin
et al. 2001b), whereas in other reports no mutations were
documented (Koskimies et al. 2000; Krausz et al. 2000;
Marin et al. 2001a).

After sequencing both exons of the INSL3 gene in 150
cryptorchidic individuals, we identified a causative muta-
tion in one patient and three previously reported poly-
morphisms. The 2560 CÆG heterozygous mutation that
changes codon 86 from asparagine into lysine was found in
exon 2 of one propositus and his mother, whereas the fa-
ther, 50 normal male controls, and all other 149 patients did
not harbor this change, which also has not been found in
any of the previous reported studies (Koskimies et al. 2000;
Krausz et al. 2000; Tomboc et al. 2000; Marin et al. 2001a,b).
The asparagine-into-lysine change is likely deleterious be-
cause it changes a polar amino acid into a basic amino acid,

Fig. 1. Partial sequence of exon 2 of the INSL3 gene of a patient (P)
with unilateral (right) cryptorchidism, his father (F ), and his mother
(M). A heterozygous cytosine-to-guanine (C/G) mutation that results

in the substitution of asparagine for lysine at codon 86 is observed in
the patient and his mother



B. Jochimsen et al.: Stetteria hydrogenophila 89

leading to a nonconservative amino acid substitution,
changing a highly conserved residue (Table 1). This muta-
tion is located in the A-chain of the INSL3 protein, consti-
tuting the first mutation reported in this region. This finding
provides new evidence that INSL3 is involved in testicular
descent in humans. Because this is a heterozygous mutation,
haploinsufficiency is the likely mechanism.

Likewise, three different polymorphic changes that had
been previously reported (Koskimies et al. 2000; Krausz
et al. 2000; Tomboc et al. 2000; Marin et al. 2001a,b) were
found in exon 1 in our patients and controls (nucleotides
1167, 1266, and 1318). Our study performed in the Mexican
mestizo population confirms that these variants, which
are common in other normal men with no history of
cryptorchidism, are frequent in diverse ethnic groups.

This study extends previous reports demonstrating that
mutations of the INSL3 gene are not a frequent cause of
cryptorchidism. Tomboc et al. (2000) found two causative
mutations in this gene in 145 cryptorchidic individuals;
Marin et al. (2001b) found a mutation in ten patients stud-
ied; and Koskimies et al. (2000), Krausz et al. (2000), and
Marin et al. (2001a) did not find mutations in this gene.
Including our study, only four mutations have been ob-
served in approximately 400 cryptorchidic patients studied,
demonstrating that the frequency of INSL3 mutations as a
cause of cryptorchidism is low. The reasons that mutations
in this gene are not a common cause of human cryptorchid-
ism have not been determined. The heterogeneity in the
origin of this entity, as well as the presence of mutations in
upstream activators, downstream targets of INSL3, the
INSL3 receptor gene (LGR8), or in other genes involved in
testicular descent remain as plausible explanations for the
origin of cryptorchidism.
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