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0.4% (3/711) [Itoh et al., 2001], while non-obstructive 
azoospermia was found 25 times more often in unilateral 
and 80 times more often in bilateral cryptorchidism 
[Hadziselimovic et al., 2011a]. Of note, the number of pa-
tients who developed azoospermia or severe oligospermia 
is the same in patients who had surgery before and after 
the first year of age ( p  = 0.39, Fisher’s Exact test) [re-
viewed by Verkauskas et al., 2016]. Consequently, in 
cryptorchidism severe infertility and azoospermia devel-
op irrespective of the age the treatment was administered 
[Hadziselimovic and Herzog, 2001; Hadziselimovic et al., 
2011a]. Thus, early and successful orchidopexy ultimate-
ly does not improve fertility, because it fails to address the 
underlying pathophysiological cause that is a defective 
mini-puberty [Hadziselimovic and Herzog, 2001]. Dur-
ing abrogated mini-puberty, insufficient LH secretion re-
sults in reduced Leydig cell capacity and a low testoster-
one plasma level, culminating in impaired Ad spermato-
gonia development [Hadziselimovic et al., 2005]. It has 
been shown that the transformation of gonocytes into Ad 
spermatogonia is a testosterone-dependent process [Ziv-
kovic et al., 2006], and if this transformation fails during 
infancy, infertility is inevitable [Hadziselimovic and Her-
zog, 2001; Hadziselimovic et al., 2007; Kim et al., 2008]. 
Half of the patients presenting with unilateral cryptorchi-
dism and the majority of those presenting with bilateral 
cryptorchidism belong to the so-called high infertility 
risk (HIR) group [Bilius et al., 2015]. The goal of treating 
cryptorchidism is to achieve normal fertility, which is 
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 Abstract 

 Abnormal germ cell development in cryptorchidism is not a 
result of a congenital dysgenesis but is preceded by a hor-
mone imbalance and perturbation in germ cell-specific gene 
expression during abrogated mini-puberty. Adequate treat-
ment with low doses of GnRHa enables 86% of men to achieve 
a normal sperm count and, most importantly, prevent devel-
opment of azoospermia. GnRHa treatment induces a sig-
nificant transcriptional response, including protein coding 
genes involved in pituitary development, the hypothalamic-
pituitary-gonadal axis, and testosterone synthesis. Further-
more, hormonal treatment to achieve epididymo-testicular 
descent as a first choice of treatment of cryptorchidism has a 
long tradition in Europe. It eliminates the necessity of subse-
quent surgery. Moreover, in the cases of non-responders it 
facilitates orchidopexy and contributes considerably to a re-
duced incidence of unilateral and the more serious bilateral 
complete post-surgical testicular atrophy. 

 © 2019 S. Karger AG, Basel 

 Cryptorchidism represents the most frequent causes 
of azoospermia in man [Fedder et al., 2004]. The estimat-
ed frequency of azoospermia in the normal population is 
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largely dependent on a functioning mini-puberty and, as 
a result, the presence of Ad spermatogonia in prepubertal 
testes [Hadziselimovic et al., 2005].

  Is Cryptorchidism an Endocrinopathy? 

 In 1975, pronounced Leydig cell atrophy starting in ear-
ly infancy was described as evidence to support endocri-
nopathy as an etiological factor in cryptorchidism [Hadzise-
limovic et al., 1975]. A failed testosterone surge in the sec-
ond postnatal month was observed in preterm infants in 
whom cryptorchidism was diagnosed at 18 months post 
term [Baker et al., 1988]. Thus, preterm infants with unde-
scended testes appear to be similar in this respect to full-
term cryptorchid infants [Gendrel et al., 1978]. Except for 
a blunted testosterone response to human chorionic go-
nadotropins (HCG), there is no evidence of altered ste-
roidogenesis in cryptorchid testes prior to puberty [re-
viewed in Jockenhovel and Swerdlow, 1989]. Furthermore, 
lower LH plasma values or lower LH response by gonado-
tropin-releasing hormone (GnRH) was demonstrated sev-
eral times [Gendrel et al., 1977; Jacobelli et al., 1979; Mazzi 
et al., 1979; Bollerslev et al., 1986; Job et al., 1987; Hamza 
et al., 2001]. In addition, a cohort of cryptorchid boys lack-
ing Ad spermatogonia showed low basal and stimulated 
gonadotropin plasma values that are compatible with those 
found in cases of hypogonadotropic hypogonadism 
[Hadziselimovic et al., 1979; Verkauskas et al., 2016]. Of 
importance, the first morning void urine highlights gonad-
otropin deficiency better than plasma values do. Both LH 
and FSH first morning void urine values were significantly 
lower in cryptorchid boys when compared to age-matched 
controls [Hadziselimovic, 1987]. Therefore, the cause of 
the lower testosterone response seems to be at both the pi-
tuitary and hypothalamic level.

  Paternity as a Fertility Indicator? 

 Lee and co-authors, who performed a retrospective re-
view of medical records and sent a detailed questionnaire 
to patients, concluded that unilateral cryptorchid men 
have a normal paternity rate [Lee et al., 1996]. It should 
be noted that in this study the authors did not rely upon 
the results of testicular biopsies. Consequently, the condi-
tion of testicular tissues and, importantly, the presence of 
Ad spermatogonia were not assessed. The patients were 
considered to be cryptorchid solely on the fact that they 
had surgery. Therefore, the inevitable inclusion of low in-

fertility risk (LIR) patients and misdiagnosed cases of re-
tractile testes, all of them having an excellent fertility out-
come, distort the results. Thus, paternity alone is not a 
good fertility indicator. More importantly, only testicular 
biopsy can reliably determine which patients will likely 
become infertile and could therefore benefit from hor-
monal therapy. This means that the rationale behind a 
testicular biopsy is both diagnostic and therapeutic. Tes-
ticular biopsy is even more justified as it allowed the de-
tection of in situ carcinoma occurring in 0.5% of cryptor-
chid boys [Hadziselimovic et al., 1997].

  Sperm Count and Long-Term Follow-Up Studies 

 A total of 47.5% of unilateral and 78% of bilateral 
cryptorchid males had their sperm concentration in the 
infertility range according to WHO standards [Hadzise-
limovic at al., 2005]. Severely decreased sperm counts and 
no age-related differences were found in the HIR group 
of cryptorchid men, indicating that successful orchido-
pexy is insufficient to prevent the development of infertil-
ity and azoospermia [Hadziselimovic et al., 2005]. When 
transformation into Ad spermatogonia had occurred (in-
dicating functional mini-puberty), age-related differenc-
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  Fig. 1.  Schematic model presenting a dominant role of Ad sper-
matogonia in predicting fertility outcome and the importance of 
plasma FSH levels. ++/––  , strong correlation; +/ – , significant cor-
relation. AdCDT (scrotal testis) is the best predictor of future fer-
tility. AdUDT (undescended testis) is a decisive factor for support-
ing an FSH negative feedback mechanism. GCTUDT (total germ 
cell count in undescended testis) and GCTCDT (total germ cell 
count in scrotal testis) have no direct influence either on the sperm 
count or on the plasma FSH level. 
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es in the fertility outcome were observed. The younger the 
unilateral cryptorchid boys were at surgery, the higher 
their sperm count was when they reached adulthood. 
However, although the difference in the sperm count of 
boys younger than 3 years at surgery (median 156 × 10 6 /
ejaculate) versus boys older than 8 years (median 87 × 
10 6 /ejaculate) is statistically significant, it is biologically 
irrelevant [Hadziselimovic et al., 2005]. Both groups had 
a total sperm count within the normal range [Hadziseli-
movic et al., 2005]. The results of a 20-year long-term 
prospective study designed in 1985 in Philadelphia by the 
late John Duckett and Faruk Hadziselimovic were in ac-
cordance with our previous study from 2005, underscor-
ing the importance of an intact hypothalamus-pituitary-
gonadal (HPG) axis for fertility development in cryptor-
chid men [Hadziselimovic et al., 2005; Hadziselimovic 
and Hoecht, 2008]. Sperm concentrations correlated to 

the number of Ad spermatogonia found at the time of or-
chidopexy ( p  <0.001): 80% of males in the HIR group 
(lacking Ad spermatogonia) were oligospermic and 20% 
showed azoospermia [Hadziselimovic and Hoecht, 2008]. 
In patients with unilateral cryptorchidism, 70% of scrotal 
testes showed different degrees of impaired transforma-
tion of Ad spermatogonia, indicating that cryptorchidism 
is a bilateral disease. Furthermore, correlations between 
testicular histology and post-pubertal hormone levels 
confirmed a relative gonadotropin deficiency in the ma-
jority of adult cryptorchid men ( Fig. 1 ). The most critical 
factor for the development of infertility is the finding that 
gonadotropin levels show a more significant correlation 
with the presence or absence of Ad spermatogonia in 
both gonads than with unilateral or bilateral undescend-
ed testes ( Fig. 2 ) [Hadziselimovic and Hoecht, 2008].
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  Fig. 2.   a  Values of Ad spermatogonia vary among the high-infertility-risk (HIR) ( – /–, n = 18), intermediate-in-
fertility-risk (IIR) (–/+ , n = 46), and low-infertility-risk (LIR) (+/+, n = 25) groups. In the IIR group, Ad sper-
matogonia were always present in the scrotal testis. The lowest germ cell count was observed in the HIR ( – /–  ) 
group and the highest (although still lower than controls) was observed in the LIR (+/+) group.  b  Sperm count 
in the 3 different infertility risk groups.  c  Analysis of plasma FSH levels in relation to the presence of Ad sper-
matogonia in the 3 different infertility risk groups. Ad   – /– : HIR (n = 18); Ad  – /+: IIR (n = 46); and Ad +/+: LIR 
(n = 24). FSH normal range: 2–8 IU/L.  d  The LIR patients with the healthiest histology have LH levels in the hy-
pogonadotropic range, while the 2 other groups have normal LH values despite more severe testicular pathology, 
indicating a relative LH deficiency. LH normal range: 4.8–10.8 IU/L. 
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  In boys with a high risk of infertility, adequate treat-
ment with low doses of GnRHa enabled 86% of the men 
to achieve a normal sperm count and, most importantly, 
not a single patient developed azoospermia. This strong-
ly contrasts with the results of the ‘surgery-only’ group 
where no patient showed a normal sperm count and 20% 
were diagnosed with azoospermia [Hadziselimovic, 2008] 
( Fig. 3 ).

  RNA Profiling Data Support Hormonal Treatment 

 RNAseq analysis of a new group of HIR and LIR pa-
tients, which were selected using identical histological 
criteria, confirmed and extended our previous results ob-
tained with GeneChip hybridization [Hadziselimovic et 
al., 2009, 2011b]. Nearly all of the genes implicated in the 
HPG axis that were reported to be downregulated in the 
HIR group were confirmed by our RNA-seq analysis. The 
reproducibility of the gene sets downregulated in either 
study of cryptorchid boys (with defective mini-puberty 
and lack of Ad spermatogonia) clearly supports a role for 
the HPG axis in the development of azoospermia and in-
fertility.

  In 2016 we reported decreased  PROK2,   CHD7 ,  FGFR1 , 
and  SPRY4  gene expression in the HIR group of cryptor-
chid boys with impaired LH secretion [Hadziselimovic et 
al., 2016]. Mutations of each of the 4 genes results in the 
development of Kallmann syndrome [Valdes-Socin et al., 
2014; Kim, 2015]. Of note,  EGR4 , which is involved in reg-
ulating the secretion of LH, was virtually not expressed in 

the HIR group [Hadziselimovic et al., 2009]. Several tran-
scripts involved in pituitary development and differen-
tiation like  ISL1, OTX2, PITX1, PITX2, GATA2, LHX2, 
LHX6 , and  LHX8  had a lower signal in the HIR group. As 
a paralog,  ISL1  is related to  LHX4  by duplication within the 
genome and subsequently it evolved a new function.  LHX4  
encodes a member of a large protein family which contains 
the LIM domain, a unique cysteine-rich zinc-binding do-
main. The encoded protein is a transcription factor in-
volved in the control of the pituitary gland development. 
Furthermore, deletion of  OTX1  was found in 6 subjects 
with genitourinary defects. Three of these individuals were 
diagnosed with cryptorchidism [Jorgez et al., 2014].  Otx2  
heterozygous male mice display compromised fertility (re-
duced LH levels and testicular weight) due to a defect in the 
development, number, and migration of GnRH neurons 
[Larder et al., 2013]. Otx1 and Otx2 are functionally similar 
and play interchangeable roles [Acampotra et al., 1999]. 
OTX2 could compensate for OTX1 deficiency at levels that 
vary among individual patients. GnRHa treatment boosts 
the expression of certain genes that were found to have a 
reduced expression in HIR patients and also increases the 
expression of their family members, e.g., the DLX fami-
ly members DLX1/3/6 and EGR family members EGR2 
and EGR3; ISL2, NR4A2, OTX1, and OTX2, the listed 
POU class family members, PR domain containing genes, 
 RUNX1  and  RUNX2 ,  SIX2  and  SIX3 , as well as  LEP ,  PCSK1 , 
and  TAC3 , and finally the SOX family. Interestingly, lower 
signals of long noncoding RNAs (lncRNAs) participating 
in epigenetic processes, including  AIRN ,  FENDRR ,  XIST , 
and  HOTAIR , were found in the HIR group. These data are 
consistent with the hypothesis that hypogonadotropic hy-
pogonadism in boys with altered mini-puberty is the con-
sequence of a profoundly altered gene expression program 
involving protein-coding genes and lncRNAs [Hadziseli-
movic et al., 2017].

  Germ and Sertoli Cell Gene Stimulation by GnRH 

Treatment 

 Four genes ( DMRTC2, PAX7, BRACHYURY/T , and 
 TERT ) were associated with defective mini-puberty, had 
decreased expression in HIR, and were responsive to 
GnRHa [Gegenschatz-Schmid et al., 2017]. Additionally, 
the markers  PAX7 ,  EGR2 ,  NRG1 , and  NRG3  seem to rep-
resent an alternative pathway that is activated by GnRHa 
and is involved in the gonocyte-to-Ad spermatogonia 
transition. Furthermore,  EGR2 ,  ETV5 ,  ID4 ,  TSPAN8 , and 
 T/BRACHYURY  are all regulated by FGF/GDNF signal-
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  Fig. 3.  Incidence of azoospermia in high infertility risk groups. 
Two surgery-only groups, [38%, n = 8/20; Nistal et al., 2000, and 
33%, n = 20/61; Hadziselimovic et al., 2007] are compared to a 
group in which surgery was followed by 6 months of buserelin 
treatment [n = 0/50; Hadziselimovic, 2008].                         
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ing, while  FOXO1 ,  KIT ,  NANOS2 ,  NRG1 ,  NRG3 , and 
 PAX7  expressions are regulated by retinoic acid [Gegen-
schatz-Schmid et al., 2017]. The HIR group showed de-
creased transcription of  CYP26B1  [Hadziselimovic et al., 
2009], which is known to be responsible for spermatogen-
esis and, via retinoid signaling, the determination of germ 
cell fate in mice [Bowles et al., 2006]. Of interest, 4 genes 
localized in the male-specific Y region,  RBMY1B ,  RB-
MY1E ,  RBMY1J , and  TSPY4 , show reduced mRNA levels 
in HIR samples and also positively responded to GnRHa 
treatment. This observation supports data of global con-
servations of the epigenetic pattern associated with the 
sequences of the same origin (X-transposed, X-degener-
ate, and ampliconic) [Gegenschatz-Schmid et al., 2018].

  In addition,  PRDM  genes, some of which are im-
portant for primordial germ cell specification and dif-
ferentiation [ PRDM1 / BLIMP1 , Kobayashi et al., 2017; 
 PRDM14,  Shirane et al., 2016] as well as adult meiotic 
recombination [ PRDM9 ,   Smagulova et al., 2016], were 
differentially expressed in the HIR group [Hadziselimo-
vic et al., 2018].  PRDM9  was the only downregulated gene 
in the HIR group that was also stimulated by GnRHa 
treatment.  PRDM9  is a downstream effector of testoster-
one action and is related to testosterone-regulated cell 
proliferation in classical testosterone target tissues  
 ( Fig. 4 ). Thus,  PRDM9  is involved in the establishment of 
Ad spermatogonia and its perturbation impacts patients 
afflicted by cryptorchidism.
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PITX1
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PAX7/T
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  Fig. 4.  Pathophysiology of azoospermia development in cryptorchidism. Impaired  PROK2  gene signaling induc-
es GnRH and LH deficiency as controlled by the LH-regulators  EGR4  and  PITX1 , resulting in Leydig cell atrophy, 
decreased testosterone secretion, and abrogated Ad spermatogonia development.                         
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  Impaired mini-puberty affects Sertoli cell develop-
ment through positive and negative regulation of mor-
pho-regulatory and apoptotic genes. In contrast to the 
germ cells, GnRHa treatment had a repressive effect on 
most Sertoli cell-specific genes, suggesting that Sertoli 
cells underwent a cellular rearrangement. We propose 
that gonadotropin-dependent increases in  FASLG  and 
 GDNF  expression drive Sertoli cell proliferation and germ 
cell self-renewal and support the transition of gonocytes 
to Ad spermatogonia, independently of inhibin.

  In conclusion,  EGR4  and  PITX1  controlled by  PROK2/
CHD7/FGFR1/SPRY4  genes are responsible for LH de-
ficiency, which in turn affects the Ad spermatogonia tran-
sitional effectors  FGFR3 ,  FGF9 ,  NANOS2 ,  NANOS3 , 
 SOHLH1 , and  SOHLH2 . Upon GnRHa treatment, how-
ever, alternative pathways are activated, including the 
LH-secretion orchestrating factors  EGR2 ,  EGR3 ,  TAC1 , 
 TAC3 ,  PROP1 , and  LEP  and the gonocyte-to-Ad sper-
matogonia transition effectors  DMRTC2 ,  T ,  PAX7 ,  TERT , 
 NRG1 ,  NRG3 ,  RBMY1B ,  RBMY1E , and  RBMY1J  [Hadzi-
selimovic et al., 2016; Gegenschatz-Schmid et al., 2017]. 
Obtained results indicate novel testosterone-dependent 
genes and provide valuable insight into the transcription-
al response to both defective mini-puberty and curative 
GnRHa treatment.

  Temperature or Transposons? 

 In contrast to the general belief that high temperature 
damages cryptorchid gonads before sexual maturation is 
completed, recent evidence is consistent with the idea 
that germ cell loss resulting in infertility due to cryptor-
chidism is a consequence of alterations in the Piwi path-
way and transposon de-repression [Hadziselimovic et 
al., 2011b, 2015]. Several members of the Tudor gene 
family and members of the DEAD-box RNA helicase 
family, together with  GTSF1 ,  MEAL ,  MOV10L1  genes, 
were found to show significantly lower RNA signals in 
the HIR group [Hadziselimovic et al., 2011b, 2015]. Pos-
itive cytoplasmic antibody staining indicated that the 
mRNA and protein levels correspond. Patients from the 
LIR group showed coherently stronger staining for 
GTSF1 and PIWIL4 proteins and weaker staining for L1 
transposon when compared to the HIR samples [Hadzise-
limovic et al., 2011b, 2015]. These findings provide evi-
dence consistent with the idea that infertility in cryptor-
chidism is a consequence of alterations in the Piwi path-
way and transposon de-repression that are induced by 
impaired mini-puberty.

  Is There a Positive Effect of Hormonal Treatment for 

Epididymo-Testicular Descent prior to Surgery? 

 The developing gonadotropin-releasing hormone 
system is essential for epididymo-testicular descent and 
is highly sensitive to reduced fibroblast growth factor 
(FGF) signaling. Our understanding of the impact of 
 FGFR1  in the process of epididymo-testicular descent 
has considerably improved [Hadziselimovic et al., 2010]. 
At later stages of embryonic development, the undiffer-
entiated epididymal mesenchyme is a specific domain 
for  FGFR1  expression. Most individuals with syndrom-
ic crypto-epididymis, as well as individuals with isolated 
non-descent of the epididymo-testicular unit, exhibit 
some disturbance of  FGF ,  FGFR1  and/or genes involved 
in HPG axis regulation. However, the mechanisms un-
derlying  FGF  dysregulation may differ between various 
syndromes [Hadziselimovic, 2016]. In cryptorchid boys, 
GnRH treatment reportedly induces increased testos-
terone secretion and stimulates further epididymis de-
velopment and completion of epididymo-testicular de-
scent [Bica and Hadziselimovic, 1993]. Boys with suc-
cessful descent of the epididymis and testis have a 
normal-sized epididymis, while the majority of non-re-
sponders to hormonal treatment have a small and un-
derdeveloped epididymis [Bica and Hadziselimovic, 
1993].

  The main reason for not recommending hormonal 
treatment of the undescended epididymo-testicular 
union is supposedly that the success rate of this treat-
ment is as low as 20% [Ritzen et al., 2007]. This state-
ment is misleading because it does not consider the dis-
tribution of the positions of the epididymo-testicular 
unit before treatment. Moreover, all studies quoted 
against hormonal treatment lack the critical long-term 
follow-up patient survey. One of the first long-term fol-
low-up open studies showed that 4 years after successful 
hormonal treatment 65% of the testes were still descend-
ed [Hadziselimovic et al., 1984; Hadziselimovic, 2017]. 
In 1995, Höcht published a randomized LH-RH versus 
surgery study including 60 cryptorchid boys aged 2–9 
years [Höcht, 1983, 1987]. All patients randomized for 
the surgery treatment alone had histological changes 
compatible with cryptorchidism, so it is highly likely 
that only undescended and not also retractile testes were 
treated. LH-RH treatment was successful in 59% of the 
patients. A long-term study from Waldschmidt and col-
leagues [1993], who analyzed the descent rate 9 years 
after treatment, found that 52% of the testes remained 
descended. Thus, LH-RH treatment is effective in 
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achieving permanent descent of true cryptorchid testes. 
Of note, the highest success was achieved when testes 
were localized in the pre-scrotal position ( Table 1 ).

  Conclusion 

 Abnormal mini-puberty is responsible for the devel-
opment of infertility in cryptorchidism, and post-surgical 
hormonal treatment is highly recommended for the high 

infertility and azoospermia risk group that underwent 
successful early orchidopexy. Therefore, 2 steps of hor-
monal treatment currently remain the optimal therapeu-
tic choice ( Table 2 ).

  Disclosure Statement 

 The author has no conflicts of interest to declare.
 

Table 1.  Descent rate of the epididymo-testicular unit from a pre-
scrotal position treated with gonadotropin-releasing hormone

n Success, %

De Muinck Keizer-Schrama et al. [1986] 6/9 66
Borkenstein and Zobel [1985] 5/9 55
Hagberg and Westphal [1987] 8/17 47
Höcht [1987] 3/4 75
Bica and Hadziselimovic [1993] 6/11 54.5

Total 28/50 56

Table 2.  Basel 4-step concept of cryptorchidism treatment

Step Treatment

1 LH-RH 1.2 mg/day for 28 days; if no or partial success:
2 500 IU hCG/week for 3 weeks; if no descent:
3 Orchidopexy and bilateral biopsy; if no bilateral Ad 

spermatogonia:
4 LH-RH 10 μg on alternate day for 6 months

 LH-RH, luteinizing hormone-releasing hormone; hCG, hu-
man chorionic gonadotropin
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