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Cryptorchidism, i.e., undescended testis, is one of the most com-
mon genital malformations in newborn male babies. The birth rate
of cryptorchidism varies from 1.6 to 9.0 %. Etiology of disrupted
testicular descent is complex and predisposing causes include
genetic, hormonal, environmental, lifestyle and maternal factors.
Testicular descent occurs in two major steps and testicular hor-
mones and normal function of hypothalamicepituitaryetesticular
axis are important for normal descent. Several gene mutations are
associated with syndromic cryptorchidism but they are rarely
found in boys with isolated undescended testis.
Testicular regression can also cause an empty scrotum. Normal
male genital phenotype indicates that the boy has had functioning
testis during development. Torsion of the testis can cause testicular
regression but in many cases the reason for vanishing testis re-
mains elusive.
In this narrative review we discuss genetics of cryptorchidism and
testicular regression.
© 2022 The Author(s). Published by Elsevier Ltd. This is an open
access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
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Introduction

Cryptorchidism i.e., undescended testis (UDT) or retentio testis refers to a testis that is not normally
located in the bottom of the scrotum. Cryptorchidism may occur on one side or on both sides. Testis
may locate in any part of its normal route of descent from the abdomen to the scrotum (i.e., it may have
an abdominal, inguinal, suprascrotal or high scrotal location) [1]. About 80 % of all undescended testes
are palpable [2]. Testis can also be ectopic which means that it has deviated from its normal route of
descent. The most common location of an ectopic testis is in the inguinal area [3].

Cryptorchidism may be congenital or acquired. Testes that were normally descended at birth
sometimes ascend later on (this is called acquired cryptorchidism or ascending testis). This happens
usually in prepubertal boys and spontaneous descent of such a testis is common when testosterone
surges at puberty [4]. A shared etiology between congenital and acquired cryptorchidism has been
suggested, and minimal differences between these conditions further support this hypothesis [5].

Regression of the testicular tissue can also be the reason for an empty scrotum. Regression can
happen already in the abdomen or later after testicular descent to the scrotum. Testicular regression is
also known as TRS (testicular regression syndrome), vanishing testes or bilateral anorchia [6].
Prevalence of cryptorchidism

In prospective studies on cryptorchidism, the prevalence of congenital cryptorchidism has varied
between 1.1 and 8.4% among boys with birth weight �2500 g [1,7e15]. Furthermore, an increasing
trend in the prevalence of congenital cryptorchidism has been reported based on repeated studies in
some countries [1,8e10,15]. Cryptorchidism is more common among preterm boys, and boys who are
born small for gestational age, and boys whose birth weight is under 2500 g [1,11e17]. The rate of
undescended testis in premature boys or boys whose birth weight was <2.5 kg has varied between 1.1
and 45.3 % [18]. Due to spontaneous testicular descent, lower rates of congenital cryptorchidism have
been reported at the age of 3 months, i.e., between 0.9 and 1.8% among boys with birth weight�2500 g
[1,8,10,11]. Spontaneous testicular descent is likely due to transient activation of the hypothal-
amusepituitaryegonadal (HPG) axis, which causes an increase in reproductive hormone levels
[7,19e22].

Increasing rates of cryptorchidism have been described after the age of 3 months, because of
testicular ascent and recurrent cryptorchidism (re-ascent of spontaneously descended cryptorchid
testes) [15,23]. In the prospective Cambridge Baby Growth Study, the cumulative incidence of acquired
cryptorchidism by the age of 2 years was 7.0% [15]. In a Danish prospective study on cryptorchidism the
prevalence of testicular ascent was 0.6% at 18 and 36 months [23]. In a Dutch study the prevalence of
acquired cryptorchidismwas 1.1e2.2 % among boys aged 6e13 years [24]. Retractile testes have a 32 %
risk of becoming an acquired UDT [25]. Retractile testis means that a testis can be pulled to the scrotum
but jumps back to a higher position after releasing the grip.

Although genetics may have a role in the observed geographical differences in the prevalence of
congenital cryptorchidism, environmental factors are thought to be more likely reasons for the
observed increasing rates of cryptorchidism [1]. Exposures to environmental chemicals have been
associated with cryptorchidism in some epidemiological studies, but the results are inconsistent [26].
Chemicals with endocrine disrupting properties (anti-androgenic or estrogenic properties) may
disrupt testicular descent. In addition to environmental factors, also fetal exposure to pharmaceuticals
like mild analgesics has been associated with cryptorchidism [27,28]. Also, maternal lifestyle factors,
such as alcohol consumption and smoking during pregnancy have been associated with an increased
risk of UDT. According to a recentmeta-analysis based on 20 original studies, the risk of cryptorchidism
is increased among sons whose mothers had smoked during pregnancy (pooled crude OR 1.18, 95% CI
1.12e1.24) [29]. Gestational diabetes and maternal alcohol intake during pregnancy have been asso-
ciated with increased risk of cryptorchidism in some studies [30e32] but in a meta-analysis only
marginal association or no statistically significant association, respectively, was observed [33].
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Familial occurrence of cryptorchidism

In a Danish study, the concordance rate of cryptorchidism in brothers of cryptorchid boys and in
sons of fathers with a history of cryptorchidism were as follows: Boys with no relation 3.2 %, paternal
half-brothers 3.4 %, maternal half-brothers 6.0 %, full brothers 8.8 %, dizygotic twin brothers 24.1 % and
monozygotic twin brothers 27.3 % [34]. When compared with brothers with the same parents, paternal
half-brothers had significantly lower cryptorchidism concordance rate than maternal half-brothers
[34]. Thus, maternal inheritance and exposures seem to have more influence than paternal factors.
The findings suggest that research on the etiological factors of UDT should includematernal factors like
maternal genes, intrauterine conditions and maternal geneeenvironmental interaction [34]. In Elert's
study the risk of UDT for a newborn boy with overall family history of UDT was increased to 3.6-fold.
Risk increased to 6.9-fold if a brother was affected and 4.6-fold if the father was affected [35]. Also,
other studies have described higher occurrence of cryptorchidism among brothers of cryptorchid boys
than among sons of fathers with a history of cryptorchidism [36,37].

Process of testicular descent

Testicular descent has traditionally been described as a biphasic process with a transabdominal and
an inguinoscrotal phase [38,39]. The first phase is completed by gestational week (GW) 15 and the
second one is completed by the end of week 35 [38]. First the human male and female gonads are
located high in abdomen near the kidneys and during the gonadal development there is so called inner
descent which is passive and hormone independent and it is closely related to the descent of the
diaphragm [40,41]. Bipotential gonads are located on the dorsal wall of the body cavity and developing
testis is anchored by two ligaments e upper part is anchored to the diaphragm via cranial the sus-
pensory ligament (CSL) and lower part to the inguinal area via the gubernaculum [38].

In the transabdominal phase of testicular descent, between GW 8e15, the gubernaculums enlarge
so that the testes remain anchored close to the inguinal canal [38,42]. This process was discovered by
mouse studies, and it was confirmed that Insulin-like peptide 3 (Insl3) secreted by the Leydig cells is
the primary hormone regulating the male like development of the gubernaculum (swelling of the bulb
and shortening of the cord) [43e45]. The gubernaculum is feminized in Insl3-deficient mice [43e45].
INSL3 has been detected only in amniotic fluid of male fetuses, which supports its role also in testicular
descent in man [46,47]. Furthermore, reduced cord blood INSL3 levels have been reported in boys with
congenital cryptorchidism [48,49]. Testosterone in turn causes the regression of the CSL during the
transabdominal phase in mice [38,44]. However, the role of this ligament in testicular descent is less
clear in humans and studies on human fetuses have suggested that both genders have a transitory CSL,
which is then replaced in girls by an ovarian suspensory ligament [40]. Androgen and INSL3 secretion
in Leydig cells are stimulated by human chorionic gonadotropin (hCG) from the placenta during the
first trimester of pregnancy and later also by luteinizing hormone (LH) from the anterior pituitary gland
of the fetus [50].

Anti-Mϋllerian hormone (AMH) is secreted by Sertoli cells in testes. The main role of AMH is to
induce regression of the Mϋllerian ducts and therefore uterus, fallopian tubes and proximal vagina do
not develop. Infantile uterus and fallopian tubes, cryptorchidism and abnormally long gubernaculums
have been reported in boys with mutations of the AMH gene or its receptor (Persistent Müllerian Duct
Syndrome (PMDS)) [38,51]. One role of AMH in testicular descent might be shortening the guber-
naculum, although AMH is not indispensable for testicular descent in mice [51,52].

According to human studies, when the Müllerian ducts have regressed and the cranial mesonephric
ligament has regressed, the testes glide across theWolffian ducts and dive into swollen gubernaculums
[40]. However, it has also been suggested that gubernaculum is not directly attached to testis, but only
to ductus deferens and epididymis [53,54]. In man, the inguinal canal forms around the gubernaculum
during early fetal development [53] and swelling of the gubernaculum widens the inguinal canal
before the testis descends through it to the scrotum [40,55].

The second phase of testicular descent occurs between GW 25e35 when the epididymes and testes
migrate through the inguinal canal and follow the gubernaculums into the scrotum [38,40]. Androgens
have an important role in this inguinoscrotal phase of testicular descent, and accordingly
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inguinoscrotal testicular descent is usually disrupted both in subjects with an inactivating androgen
receptor mutation (androgen insensitivity syndrome AIS and testicular feminization syndrome in boys
and mice, respectively) [56,57]. Animal studies suggest that androgens influence the migration of the
gubernaculum during the inguinoscrotal phase indirectly via genitofemoral nerve and its neuro-
transmitter Calcitonin-gene related peptide (CGRP) [38]. However, there are differences between men
and mice in the timing and process of inguinoscrotal phase of testicular descent [58,59]. Intra-
abdominal pressure is also believed to aid the transinguinal descent of the testes in man [55]. Fail-
ure of testicular descent leads to congenital cryptorchidism and failure in the closure and fusion of
processus vaginalis may lead to inguinal hernia or hydrocele and failure in the complete involution of
the processus vaginalis may be the cause for acquired cryptorchidism [38]. Cryptorchidism is usually
due to abnormalities in the inguinoscrotal phase of testicular descent and the transabdominal phase is
more seldomly disrupted [1,60]. Besides androgens, also INSL3 and its receptor have been proposed to
affect the inguinoscrotal descent of the testis [41,61].

Known genetic reasons of cryptorchidism

A large majority of cryptorchidism is non-syndromic, i.e. there are no comorbidities or other de-
formities. Etiology of non-syndromic cryptorchidism remains elusive [41]. However, several conditions
have been associated with cryptorchidism. These include diseases or syndromes associated with
decreased androgen levels [different forms of disorders of sex development (DSD) (including disorders
of testicular development and disorders in androgen synthesis or action), congenital hypogonadotropic
hypogonadism, congenital hypergonadotropic hypogonadism, syndromes associated with both pri-
mary and secondary hypogonadism], conditions associated with decreased INSL3 or AMH levels or
actions, and several other syndromes [62]. Cryptorchidism is present in 150 comorbid conditions,
including several syndromes, reproductive, cardiovascular, ophthalmologic, dermatologic, mental, and
bone disorders, deafness and cancer [63]. The most frequently reported comorbid feature of cryptor-
chidism is hypospadias [63]. Thus, several genomic variations have been associated with
cryptorchidism.

Decreased androgen levels

Disorders of testicular development
Patients with partial gonadal dysgenesis have variable internal and external genital phenotypes and

the gonads vary from streak gonads to dysgenetic or regressed testes and the gonadal function is
decreased [62]. Described mutations include mutations in ARX, ATRX, CBX2, DAX1, DHH, DHX37, DMRT1,
EMX2, ESR2, FGFR2, GATA4, HHAT, MAP3K1, NR5A1, SF1, SOX9, SRY, TSPYL1, WNT4, WT1, ZFPM2, and ZNRF3
genes [62].

Disorders in androgen synthesis or action
Male external genitalia are dependent on androgen binding to its receptor and subsequent acti-

vation of gene expression [64]. Differentiation tomale fails if there are too little androgens, as in normal
female fetus, or without a functioning AR (androgen insensitivity syndrome, AIS) [64]. In normal male
fetus androgen directs the formation of male phenotype during early fetal development [64]. In
complete androgen insensitivity, Wolffian structures will disappear, and the external genitalia are
female type except for a short vagina, while the female internal genitalia are missing [65]. Partial
androgen insensitivity syndrome refers to a phenotype with varying degrees of masculinization of the
external genitalia due to partial androgen responsiveness [65]. The phenotype can include micropenis,
hypospadias and bifid scrotum that might contain gonads [66]. Firm diagnosis of PAIS is based on
identification of an abnormal AR by sequencing the AR gene [65]. Over 300 different mutations have
been described in the AR gene and they cause variable degrees of AIS [66].

As mentioned earlier, androgens have a pivotal role in the descent of the testes in the inguinoscrotal
phase [66]. Any reason reducing Leydig cell function and reducing production of testosterone may
cause cryptorchidism [62]. In a study on 600 singleton boys with isolated nonfamilial cryptorchidism,
less than 1% of boys were found to have a mutation in the AR gene and thus AR genemutations seem to
4
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be rare in nonsyndromic cryptorchidism [67]. However, the numbers of CAG and GGN nucleic acid
repeats in the AR gene have been shown to vary. Multiple studies have investigated the association
between CAG and GGN repeat lengths within the normal range and the risk of isolated cryptorchidism
(reviewed in [41]). GGN repeat length of 24 has been found to be more prevalent in cryptorchid men
than among controls [41]. In Wang's meta-analysis UDT was divided into unilateral and bilateral
subgroups and longer CAG repeat region was significantly associated with cryptorchidism in the
bilateral group [68]. In the same meta-analysis, the results indicated that GGN repeat length was
significantly higher in patients compared with controls. Longer GGN and CAG repeat length may cause
impairment of AR transcriptional activity and AR function, and thus affect testicular descent [68]. Genes
encoding cytoskeletal proteins may also contribute to AR signaling and subsequent migration of the
testis [69]. Mutations in LH receptor gene and also enzyme deficiencies can be behind androgen
production defects [65]. WT1 is likely involved in gubernaculum differentiation and testis migration,
and it could also regulate the expression of AR gene [69,70]. Nonsyndromic cryptorchidism in boys has
also been associated with reduced expressions of AR and slow twitch specific myosin heavy chain
MYH7 mRNA in the cremaster muscle [71].

Congenital hypogonadotropic hypogonadism
A normal function of the hypothalamicepituitaryetesticular (HPG) axis is required for normal

testicular descent [72]. This axis is most active in midgestational fetus, but it silences toward term
because of placental function [72]. Reactivation of HPG happens in mini-puberty during the first 3
months of life and next time in puberty [72]. Cryptorchidism can be one manifestation of congenital
hypogonadism [62]. Boys who have congenital hypogonadotropic hypogonadism frequently present
with cryptorchidism and/or micropenis [62]. Hypogonadotropic hypogonadism and cryptorchidism
belong to the findings of the CHARGE syndrome, which is connected to CHD7 genemutation [62]. Lot of
mutations of different genes underly the isolated hypogonadotropic hypogonadism [73]. There are
claims that up to 70% of cryptorchid boys would suffer of hypogonadotropic hypogonadism [54,74].
However, a majority of the studies refute such claim [reviewed in [62]]. We observed that LH levels
were elevated in the cryptorchid group when compared with healthy boys at mini puberty [20]. High
gonadotropin drive may compensate for mild Leydig cell dysfunction in cryptorchidism and suggests
that cryptorchidism is a primary sign of testicular dysgenesis [75]. In our Finnish patients with isolated
cryptorchidism, we found no mutations in FGFR1, PROK2, PROKR2, TAC3 or TACR3 (genes underlying
isolated hypogonadotropic hypogonadism) [76]. A heterozygous missense mutation, Q106R or R262Q
in GNRHR gene was observed in two subjects, but the frequency was similar also among male controls
[76]. Thus, isolated cryptorchidism is not commonly caused by genetic defects underlying isolated
hypogonadotropic hypogonadism [76].

Hypergonadotropic hypogonadism
In hypergonadotropic hypogonadism LH and FSH levels are elevated, and the androgen levels are

low. Testes cannot produce enough testosterone. The underlying reasons can be genetic or environ-
mental insults [77]. In Klinefelter's syndrome, boys with a karyotype 47, XXY can have a malfunction of
Leydig cells causing deficiency of INSL3 and testosterone [78].

Decreased INSL3 levels or actions

Numerous human mutation analyses have sought to elucidate the possible involvement of INSL3
and its specific receptor RXFP2 in human cryptorchidism. However, according to a recent review the
prevalence of mutations in INSL3 is 1e2 % [69,79], and in RXFP2 4% [69], although several poly-
morphisms have also been described [79]. It has been suggested that mutations are more frequent in
bilateral cases [69,80]. In Finnish childrenwe found only polymorphisms in INSL3 and RXFP2 that were
not associated with cryptorchidism [81,82]. However, in a recent study on Egyptian children an as-
sociation between G178A-INSL3 polymorphism and undescended testis was reported [83]. In an Indian
study four brothers had isolated bilateral cryptorchidism and whole exome sequencing found a ho-
mozygous missense variant in the RXFP2 gene in all of them (heterozygous in both parents). Poor cell
surface expression and failure to bind INSL3 or respond to the ligand with cAMP signaling was
5
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observed in functional analysis of the variant protein. Conclusion was that recessive inheritance of
variants in the RXFP2 gene can underlie familial cryptorchidism [84]. The phenotype of menwith INSL3/
RXFP2 mutations is not uniform, ranging from severe bilateral abdominal cryptorchidism to delayed
testicular descent [85]. In conclusion, mutations of INSL3 or its receptor RXFP2 are not usual in
cryptorchid cases.

Decreased AMH levels or actions

Childrenwithmutations of the AMH gene or its receptor may have undescended testis and they also
have infantile uterus and fallopian tubes, and this is called PMDS [38]. The long gubernaculum allows
the testes to migrate to a wrong position, even into the contralateral processus vaginalis (transverse
testicular ectopia) [38]. Also, there is a high frequency of intraabdominal torsion causing vanishing
testis [86].

miRNAs

Increased expression of microRNA-210 (miR-210) in murine cryptorchidism models as well as in
human cryptorchid testes suggests that miR-210 can be considered a biomarker of cryptorchidism in
man [69,87].

Other conditions associated with cryptorchidism

In midline disorders there is quite often also cryptorchidism. Midline disorders can be associated
with central nervous system disorders, there can be abdominal wall defects, cardiac anomalies, cleft lip
and palate anomalies and gastrointestinal and chromosomal anomalies [88,89]. Cryptorchidism can be
found sometimes in association with gastroschisis, in omphalocele, in bladder exstrophy, in anorectal
malformations, in Prune belly and in spina bifida [41,62,90,91].

Cryptorchidism can occur as a part of a genetic syndrome and the mechanisms can be unclear,
including Down and Noonan syndrome [62]. A catalog of genetic loci of syndromic cryptorchidism
consists of 60 loci associated with 44 syndromes that include cryptorchidism in the clinical picturee of
them 38 are protein-coding genes and 22 of those loci include structural variations like microdeletions
and microduplications [92]. The highest number of loci associated with syndromic cryptorchidismwas
found in chromosome X and 1 [92].

Other candidate genes

Findings from animal models and small clinical studies have suggested that the posterior homebox
(HOX) genes could be potential candidate genes for UDT [93]. The variants found in HOXA10 gene in the
study by Wang et al was not associated with a risk for UDT, and no variant was found in HOXA11, but
HOXD13 variant was associated with the risk of UDT [93]. Inconsistency between animal and human
studies could be explained by different phenotypesemost human cases weremild and UDTcases were
nonsyndromic [93]. Mutations inHOXA10 gene seem to be uncommon among cryptorchid patients also
according to other studies [94e96].

Axin1 is a central component of the Wnt signaling pathway and AXIN1 polymorphisms have been
associated with the risk of cryptorchidism in man [97]. Animal studies suggest that Insl3 and Rfxp2
affect myogenic differentiation of the gubernaculum possibly via Wnt/b-catenin pathways [98]. The
role of CGRP and genitofemoral nerve in testicular descent in man is unclear, but it has been suggested
that RBFOX proteins may regulate neuro-hormonal signaling in testicular descent and contribute to
risk of cryptorchidism [99].

A genome-wide copy number variation (CNV) association analysis suggested that CNV is not amajor
cause of nonsyndromic cryptorchidism [100]. Genome-wide association studies (GWAS) have recently
identified several genetic loci that predispose to testicular dysgenesis syndrome (TDS): genomic var-
iants in TGFBR3 and BMP7were associatedwith TDS, especially with testicular cancer and possibly with
cryptorchidism [101]. TGFBR3 gene encodes the TGFb receptor type III. TGFBR3 and its co-receptors and
6
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ligands are expressed inmost endocrine tissues, also the testis [101]. Another study suggested complex
or phenotype specific association of nonsyndromic cryptorchidismwith TGFBR3 and the gubernaculum
as a potential target of TGFb signaling [102]. A more recent GWAS concluded that nonsyndromic
cryptorchidism has apparently heterogeneous multilocus susceptibility and multifactorial backgound
[103]. Table 1 summarizes the above discussed genes and conditions that have been linked to
cryptorchidism.
Testicular regression

Testicular degeneration is a process where loss of testicular function happens after the tissue has
formed. Terms testicular regression syndrome (TRS) or bilateral anorchia or vanishing testes have also
been used. A boywho has normal external genitals and karyotype 46,XY but both testes aremissing has
had testicular regression. Sometimes only one testis is missing. Testicular regression occurs in about
1:20 000 baby boys and 0.5e4.5 % of cryptorchid boys belong to this category [6]. The presence of
spermatic cord structure is evidence supporting the presence of testis in early pregnancy [104].
Pathological features of TRS include discrete vascularized fibrosis, dystrophic calcification, and pres-
ence of hemosiderin and especially then, when also spermatid cord structures are included [104].
Typical male genitalia develop during the first 16 weeks of gestation. The reason for testicular
regression is still unclear but some kind of vascular accident is believed to cause it. Testis torsion is the
most common reason. Thrombosis is also one possible option. If regression occurs during the second
half of gestation, it causes deficiency of testosterone and subsequently impaired penile growth, leading
to micropenis in about 50 % of TRS males, while penile length is typically normal if the incident occurs
closer to term or soon after birth [105]. These patients will need testosterone replacement starting
from puberty and psychosocial support, and maybe also testis prosthesis and treatment of infertility
are needed in adulthood. Methods for diagnosing TRS include measurement of gonadotropin and
testosterone levels, human chorionic gonadotropin stimulation test, measurement of AMH, inhibin B,
and INSL3 levels, karyotype analysis, imaging, and surgical exploration. In bilateral TRS testosterone,
inhibin B and INSL3 are undetectable, gonadotropins are elevated, and karyotype is 46,XY. Scrotal and
Table 1
List of discussed conditions and genes that have been associated with cryptorchidism.

Decreased androgen levels
Disorders of testicular development
Mutations in ARX, ATRX, CBX2, DAX1, DHH, DHX37, DMRT1, EMX2, ESR2, FGFR2, GATA4, HHAT, MAP3K1, NR5A1, SF1, SOX9,
SRY, TSPYL1, WNT4, WT1, ZFPM2 and ZNRF3

Disorders in androgen synthesis or action
Mutations in AR, LHR, MYH7
Enzyme deficiencies affecting biosynthesis of androgens (please see Ref. [62])

Congenital hypogonadotropic hypogonadism
e.g. Mutations in genes underlying isolated hypogonadotropic hypogonadism (such as FGFR1, PROK2, PROKR2, TAC3 or
TACR3, GNRHR), mutation in CHD7. For more reasons please see Ref. [62]

Hypergonadotropic hypogonadism
Klinefelter's syndrome 47,XXY

Decreased INSL3 levels or actions
Mutations in INSL3, RXFP2

Decreased AMH levels or actions
Mutations in AMH, AMHR

miRNAs
microRNA-210

Other conditions associated with cryptorchidism
Midline disorders
Gastroschisis, omphalocele, bladder exstrophy, anorectal malformations, Prune belly and spina bifida

Genetic syndromes
e.g., Down and Noonan syndrome, for more genetic syndromes please see Ref. [92]

For more conditions please see Ref. [62]
Other candidate genes
HOXD13, HOXA10, AXIN1, RBFOX, TGFBR3
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abdominal US imaging are usually performed. In infancy, testes are also searched for to exclude
congenital adrenal hyperplasia (CAH). There is no clear evidence to support surgical exploration, and if
that is considered necessary, it should be delayed until hormonal evaluation is complete [6]. Longi-
tudinal care with endocrinologist at least every 2e3 years during childhood is recommended [6].

There is no clear consensus of the operation need in TRS. Quite conservative approach is prevailing,
but there is also a hypothetical potential risk of future malignancy of dysgenetic remnant of the testis
[106]. The incidence of germ cells (GCs) within testicular nubbins varies between 0 and 16 % [106]. In 1
out of 20 resected testicular remnants viable GCs were identified and 1 out of 10 had seminiferous
tubules left and this is considered evidence for future malignant potential [106]. If nubbin is intra-
abdominal it might contain more elements favoring decision to operate (limited evidence) [106].
Theoretically testicular remnants without germ cells are not at risk for later malignant development
[107]. TRS is said to be part of the clinical spectrum of 46,XY gonadal dysgenesis and it may share a
common genetic etiology but identification of the genes involved has proven elusive [108]. In one study
25 % of children with clinically well-defined TRS carried pathogenic variants in the DHX37 gene and it
may have a critical role not only in early human testis determination but also in the maintenance of
testicular tissue during an early phase of testis development [108]. In TRS, the gonads may have been
functionally abnormal before regression, suggesting an underlying pathological condition [105]. Some
evidence suggests that the risk of testis torsion can be inherited, particularly in cases of bilateral torsion
[109]. Also, a meta-analysis suggested inheritance of testicular torsion [110]. INSL3 gene may be
involved in this mechanism predisposing to testicular torsion [109].

In summary cryptorchidism may present as a non-syndromic form or it may be part of other
congenital anomalies. Necessity of normal hormonal function of the hypothal-
amusepituitaryetesticular axis has been known for years but the understanding of genetic de-
terminants has increased only recently. Mutations in genes encoding for reproductive hormones,
including INSL3, AMH, testosterone, and gonadotropins, or their receptors can cause cryptorchidism.
Multiple genetic loci have been found to associate with cryptorchidism. However, genetic defects can
be rarely identified in non-syndromic cryptorchidism. Maternal non-genetic factors seem to have an
important role. Testicular regression is uncommon, and its genetic predisposition is largely unknown.
Testicular torsion is a well-known reason for regression of the testes, but in many cases the etiology of
regression remains unknown.
Practice points

� Cryptorchidism is one of the most common birth defects in newborn baby boys.
� Etiology of cryptorchidism is multifactorial including genetic, hormonal, environmental,
lifestyle, and maternal factors.

� Testicular torsion is the most common reason of testicular regression.

Research agenda

� Continuous survey of the incidence of cryptorchidism is necessary for monitoring male
reproductive health, because it may serve as a sentinel for other reproductive problems.

� Methodology of genetics keeps improving and may help studies on cryptorchidism and
testicular regression.

� Epigenetic studies with environmental aspects will be an important step forward in studies on
cryptorchidism and testicular regression.
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