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Abstract

 

Cryptorchidism results in impaired fertility. Reduced num-

bers of testicular germ cells can be shown histologically dur-

ing the first years of life. The process causing germ cell loss

in cryptorchid prepubertal boys is unknown, but it could be

the result of a form of programmed cell death known as

apoptosis. 25 adult men with a history of surgically treated

cryptorchidism were studied, 15 of whom had received an

unsuccessful human chorionic gonadotropin (hCG) therapy

before orchidopexy. Apoptotic DNA fragmentation was as-

sayed in testis biopsies taken during orchidopexy by end-

labeling, both in extracted DNA and histochemically in situ.

Only a few scattered apoptotic spermatogonias were seen by

end-labeling of biopsies from patients not treated with hCG,

whereas more extensive labeling of spermatogonia was seen

after hCG treatment. As estimated by gel electrophoresis, the

amount of low molecular weight DNA was 4.3-fold higher

in the hCG-treated group when compared with the level in

scrotal testis of non-hCG-treated patients (

 

P

 

 

 

,

 

 0.001).

About 20 yr after the biopsy, the low molecular weight DNA

fragmentation correlated negatively with the testis volume

(

 

r

 

 

 

5

 

 

 

2

 

0.84; 

 

P

 

 

 

,

 

 0.001) and positively with serum FSH lev-

els (

 

r

 

 

 

5

 

 0.73; 

 

P

 

 

 

,

 

 0.001). Findings in the semen analysis

were similar between the groups. Apoptotic loss of sper-

matogonia after hCG treatment of cryptorchidism warrants

reevaluation of the safety of this treatment. (

 

J. Clin. Invest.

 

1997. 100:2341–2346.) Key words: DNA fragmentation 
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Introduction

 

Cryptorchidism is the most common congenital abnormality in
newborn boys. The incidence of cryptorchidism has increased
during the last few decades (1) from 

 

z

 

 1 to 1.5%. It is a serious
risk factor for testicular cancer (2) and an important cause of
infertility (3).

The pathogenesis of the reduced fertility seen in crypt-
orchidism has not been fully clarified. Several previous studies
have detailed the morphometric features of cryptorchid testes

during the first years of life (4–6). The germ cell counts of
cryptorchid testes is within normal limits during the first year
of postnatal life. They fall below the normal range between 1
and 2 yr of age, reaching the lowest level of germ cells per tu-
bule at 

 

z

 

 2 yr of age (4–6). The reduced fertility has been
linked to the reduced number of germ cells because the crypt-
orchid patients with the lowest total germ cell counts have the
poorest spermiograms in adulthood (7).

Recently, it was found that in the rat testis germ cell death
takes place through the process of programmed cell death (apop-
tosis) characterized by internucleosomal fragmentation of
DNA (8, 9). Furthermore, apoptosis in the testis has been
found to be hormonally regulated by androgens and gonado-
tropins (8–10). The major objective of this study was to exam-
ine the occurrence of apoptotic germ cell death in the human
testis. We found increased apoptotic germ cell death after hu-
man chorionic gonadotropin (hCG)

 

1

 

 treatment of cryptorchi-
dism. Therefore, we also assessed the possible long-term con-
sequences of the hCG treatment–induced germ cell death in
prepuberty on reproductive parameters in adult life. We stud-
ied 25 adult men who underwent orchidopexy, including testis
biopsies in prepuberty, with or without preceding hCG treat-
ment, to achieve these goals.

 

Methods

 

Subjects.

 

The subjects of our study were originally treated for crypt-
orchidism at the Children’s Hospital, University of Helsinki, or in the
Aurora Hospital, Helsinki, Finland. 25 adult men with history of
cryptorchidism treated operatively were examined. Before surgical
treatment 15 patients had received unsuccessful hCG treatment,
which consisted of 10 intramuscular injections over a period of 5 wk.
A single dose for patients younger than seven years old was 500 IU,
and for patients older than seven years old, 1000 IU. The remaining
ten boys were operated on without prior hormonal treatment. 21 of
the patients had been treated for unilateral cryptorchidism, and 4 had
been treated for bilateral cryptorchidism. All undescended testes
were located either in inguinal, prepubic, or high scrotal position.
Since intraabdominally located testes are particularly associated with
poor prognosis for fertility, no such patients were included in our
study. During orchidopexy, testicular biopsies were taken, fixed in
Steve’s fixative, and embedded in paraffin. The time interval between
the last hCG injection and testicular biopsy varied from 1 to 4 wk in
cases of prior unsuccessful hCG treatment. Testicular biopsies, taken
from the normally descended testis during the operation for unilat-
eral cryptorchidism from nine age-matched boys, served as controls
(11). On orchidopexy the age of the patients varied from 10 mo to 13
yr, and on followup examination from 16 to 30 yr.

Testicular volumes were measured by using a ruler and the for-
mula 0.71 

 

3

 

 length 

 

3

 

 width

 

2

 

 (12). The sperm was collected after a
minimum of 2 d of abstinence. Semen analysis was done within 2 h
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and interpreted according to the World Health Organization 1992 cri-
teria (13). The results of the semen analysis were considered normal
when the sperm concentration was at least 20 

 

3

 

 10

 

6

 

 spermatozoa/ml,
the percentage of spermatozoa with progressive motility was at least
50%, and at least 30% of the spermatozoa had a normal morphology.
Plasma testosterone was measured by RIA after separation of steroid
fractions on a Lipidex-5000 microcolumn (Packard-Becker, B.V.
Chemical Operations, Groningen, The Netherlands). Plasma LH and
FSH concentrations were measured by time-resolved IFMAs, using
reagents from LKB-Wallac (Turku, Finland).

 

DNA isolation and analysis for fragmentation.

 

Genomic DNA was
extracted from paraffin-embedded testicular tissue and quantified by
absorbance at 260 nm (14, 15). After extraction, one microgram of
DNA from each sample was labeled at the 3

 

9

 

-ends with (

 

a

 

-

 

32

 

P) dideoxy-
ATP (3,000 Ci/mmol; Amersham Corp., Arlington Heights, IL) using
25 U terminal transferase (Boehringer-Mannheim Biochemicals, In-
dianapolis, IN) (14, 16). A 1-kb DNA molecular-weight ladder
(Gibco-BRL, Gaithersburg, MD) was also labeled (100 ng) using the
same method as a control. The labeled DNA samples were loaded
onto 2% agarose gels (200 ng/lane for testicular specimens) and sepa-
rated by electrophoresis for 3 h at 50 V. The gels were dried for 2 h in
a slab-gel drier and exposed to Kodak X-OMAT films (Eastman
Kodak Co., Rochester, NY) at 

 

2

 

70

 

8

 

C for 2–6 h and analyzed by auto-
radiography and 

 

b

 

-counting of low molecular weight (

 

,

 

 10 kb) DNA
fractions (14). After autoradiography, apoptosis, with its internucleo-
somally cleaved DNA fragments, could be identified by its typical
ladder pattern.

 

In situ 3

 

9

 

-end labeling of DNA.

 

For in situ detection of DNA
fragmentation in the testes, we used a nonradioactive DNA 3

 

9

 

-end la-
beling method, based on principals as described above (14, 17, 18).
The fixed, paraffin-embedded testes were sectioned at 5 

 

m

 

m and
mounted on slides coated with Vectabond (Vector Laboratories Inc.,
Burlingame, CA), deparaffinized, and hydrated. To remove the mer-
cury compound included in the acidic Steve’s fixative, and to neutral-
ize the histological sections, we first soaked the slides in Gram’s io-
dine for 5 min and then left them for 30 min in 100 mM Tris (pH 8).

Proteinase-K treatment of 20 min at 37

 

8

 

C (5 

 

m

 

g/ml in 20 mM Tris,
2 mM CaCl

 

2

 

, pH 7.4; Boehringer-Mannheim) was followed by incu-
bation for 10 min in terminal transferase buffer (200 mM potassium
cacodylate, 25 mM Tris, 0.25 mg/ml BSA, 5 mM CoCl

 

2

 

; pH 6.6) at
room temperature. DNA 3

 

9

 

-end labeling with digoxigenin-ddUTP was
done by adding terminal transferase (1 U/

 

m

 

l; Boehringer-Mannheim),
digoxigenin-ddUTP (5 

 

m

 

M; Boehringer-Mannheim), and ddATP
(45 

 

m

 

M; Pharmacia Fine Chemicals, Uppsala, Sweden) in fresh buffer
and incubating the sections in this solution at 37

 

8

 

C for 1 h.
After labeling, the slides were washed three times for 10 min at

room temperature in buffer 1 (100 mM Tris, 150 mM NaCl, pH 7.5)
and then incubated with buffer 2 (100 mM Tris/150 mM NaCl, pH 7.5,
0.5 % wt/vol blocking-reagent; Boehringer-Mannheim) for 30 min at
room temperature. Antidigoxigenin antibody conjugated with alka-
line phosphatase was next added to this buffer (1:8,000 in 0.5% wt/vol
buffer 2), and the sections were incubated with the antibody at room
temperature in a humidified chamber for 2 h.

Three 10-min washes in buffer 1 were followed by equilibration in
buffer 3 (100 mM Tris, 100 mM NaCl, 50 mM MgCl

 

2

 

; pH 9.5), after
which substrates for alkaline phosphatase (337.5 

 

m

 

g/ml nitroblue tet-
razolium, and 175 

 

m

 

g/ml 5-bromo-4-chloro-3-inodyl-phosphate; Boeh-
ringer-Mannheim) were added. The color reaction was allowed to de-
velop for 

 

z

 

 20 min, and was terminated by soaking the slides in
buffer 4 (10 mM Tris, 1 mM EDTA; pH 8) for 5 min. The stained sec-
tions were then mounted with coverslips, and the extent of apoptosis
was analyzed by light microscopy (400

 

3

 

). For each section (depend-
ing on its size), five to ten randomly selected fields were analyzed.
The analysis was done without any prior knowledge of the sample.

 

Quantitative analysis of apoptosis.

 

The quantitation of apoptosis
was performed both biochemically and histochemically. In the bio-
chemical analysis, the extent of internucleosomal DNA cleavage in
isolated DNA, a widely accepted hallmark of apoptosis, was used.

The level of apoptotic DNA cleavage per 200 ng of total DNA in bi-
opsies taken from cryptorchid testes was expressed relative to the
corresponding level of DNA cleavage observed in the scrotal testes
(control or normal background). This method of quantitation has
clear advantages since the DNA extracted from biopsies represents a
larger sampling of the tissue than could be obtained from histochemi-
cal analysis. Furthermore, the level of apoptotic DNA cleavage re-
flects specifically the extent of germ cell apoptosis since the apoptotic
cells possessing fragmented DNA were identified in situ as being ex-
clusively spermatogonia. In the histochemical analysis, the level of
apoptosis was assessed by counting the number of apoptotic cells
(spermatogonia) labeled by the 3

 

9

 

-end labeling reaction in tissue sec-
tions relative to the total number of Sertoli cells. The level of apopto-
sis was expressed as a ratio of apoptotic spermatogonia to Sertoli cells
in each biopsy specimen.

 

Statistical analysis.

 

Because of the small number of patients with
bilateral cryptorchidism, statistical analyses were only done for the
patients with unilateral cryptorchidism. ANOVA was used to analyze
the effects of hCG treatment, age, and testicular position. Further
comparisons between separate groups were done by Fisher’s Pro-
tected Least Significant Difference and by unpaired Student’s 

 

t

 

 test.
Fisher’s exact test was then applied in a 2 

 

3

 

 2 table to analyze the dif-
ference between the hCG-treated and non-hCG-treated groups.

 

Results

 

Apoptotic DNA fragmentation after treatment with hCG.

 

Tes-
ticular DNA isolated from samples obtained from prepubertal
boys was analyzed using 3

 

9

 

-end labeling with terminal trans-
ferase, followed by gel fractionation and autoradiography.
Samples were obtained from all boys for autoradiography and
quantitation. In testis biopsy specimens from boys who had not
received hCG treatment for cryptorchidism, no or little inter-
nucleosomal DNA fragmentation was visible, even with the
highly sensitive method we used to analyze DNA integrity
(Fig. 1 

 

A

 

). This finding was consistent both in the scrotal (con-
trol) and in the cryptorchid testes. In contrast, the ladder pat-
tern showing the internucleosomal DNA fragmentation typi-
cal of apoptosis was pronounced in samples obtained from
testes after unsuccessful treatment of cryptorchidism with hCG
(Fig. 1 

 

A

 

). Quantification with low molecular weight DNA
(

 

,

 

 10 kb) showed that testicular DNA from boys not having
received hCG treatment for cryptorchidism consistently dis-

 

Table I. Number of Patients with Unilateral and Bilateral 
Cryptorchidism Divided by Treatment and Low Molecular 
Weight DNA Fragmentation in the Undescended Testis

 

Relative level of low
molecular weight DNA

Normal* Elevated

 

‡

 

hCG treatment before the operation

Yes 1 14

No 10 0

*Normal levels of low molecular DNA cleavage were based on results

obtained from biopsies of control subjects (scrotal testes of nine prepu-

bertal boys, no prior hCG treatment). In cryptorchid boys, values below

the 95% confidence limit were considered normal. 

 

‡

 

Values above the

95% confidence limit were considered elevated. Fisher’s Exact 

 

P

 

 value

 

,

 

 0.0001.
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played very low levels of DNA fragmentation both in the scro-
tal and in the cryptorchid testes. In contrast, the mean amount
of low molecular weight DNA in samples taken after hCG
treatment was 4.3-fold higher when compared with the control
samples of scrotal testes, obtained without prior hCG treat-
ment (

 

P

 

 

 

,

 

 0.001, Fig. 1 

 

B

 

). The levels of low molecular weight
DNA between hCG-treated and non-hCG-treated patients did
not overlap, and the levels of low molecular weight DNA were

neither dependent on the age nor the location of the crypt-
orchid testis. Furthermore, when the levels were assessed as ei-
ther normal or elevated based on the findings in the controls
from scrotal testes, the two groups of cryptorchid boys were al-
most completely separated (Table I).

Figure 1. Analysis of DNA integrity in human testicular biopsy spec-
imens, indicating the effect of hCG treatment. (A) Autoradiography 
showing eight representative DNA ladder patterns of testes from pa-
tients without and with preceding unsuccessful treatment with hCG. 
For this detection method, one microgram of DNA from each biopsy 
sample was isolated before labeling its 39-ends with [a32P]ddATP 
(400 ng/reaction). The DNA samples were then loaded on agarose 
gels and separated by electrophoresis. Evidence of apoptosis, indi-
cated by the occurrence of internucleosomal DNA breakdown into 
185-basepair (bp) multiples, is observed in the testis after hCG treat-
ment, whereas little or no DNA fragmentation is observed in the 
scrotal (control) or cryptorchid testes without preceding treatment 
with hCG. (B) Quantitative analysis of DNA integrity, based on all 
testis biopsy specimens (n 5 25) assessed by b-counting of the low 
molecular weight (, 10 kb) DNA fractions following electrophoresis. 
Mean6SEM of data demonstrate that significantly increased apop-
totic DNA cleavage occurs in the cryptorchid testis only after treat-
ment with hCG.

Figure 2. Apoptotic cell death in spermatogonia of the human testis. 
(A) The biopsy taken from a 5-yr-old boy 3 wk after unsuccessful 
treatment with hCG. The histological sections were stained with an in 
situ 39-end labeling method in which the digoxigenin-ddUTP label is 
detected by antidigoxigenin antibodies conjugated to alkaline phos-
phatase. Arrows indicate apoptotic cells. 4003. (B) Quantitative 
analysis of 39-end labeled cells, as expressed per total number of Ser-
toli cells. Mean6SEM of data demonstrate significantly increased 39-
end labeled (apoptotic) spermatogonia in the cryptorchid testis only 
after treatment with hCG.
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In situ analysis of DNA fragmentation.

 

To find out the spe-
cific cell types with increased DNA fragmentation, in situ 3

 

9

 

-
end labeling with digoxigenin-ddUTP was done on paraffin-
embedded sections of testes from boys with and without prior
hCG treatment. In prepubertal boys, spermatogenesis had
progressed to late mitotic cells, and histological sections indi-
cated the presence of spermatogonia and possibly a few pri-
mary spermatocytes. The majority of the sections of the semi-
niferous tubules showed no labeled cells with the in situ 3

 

9

 

-end
labeling method in boys not having received hCG treatment.
A few of the apoptotic cells were localized in some tubules,
and were identified as being exclusively spermatogonia (Fig.
2 

 

A

 

). These apoptotic spermatogonias appeared as single cells
scattered around the testis, however, some sections of the sem-
iniferous tubule contained more positively staining cells than
others. In hCG-treated boys, the number of seminiferous tu-
bules with DNA labeling was increased, which was consistent
with observed increases in apoptotic fragmentation of the
whole testis DNA. Also, in the samples taken after hCG treat-
ment, the cell types that showed increased labeling were found
to be spermatogonia.

For quantitative analysis, the number of the 3

 

9

 

-end labeled
spermatogonia were expressed per total number of Sertoli
cells. The mean number of apoptotic spermatogonia was 6.7-fold
higher when compared with the control samples of scrotal testes,
obtained without prior hCG treatment (

 

P

 

 

 

,

 

 0.001, Fig. 2 

 

B

 

).

 

Adult hCG-treated versus non-hCG-treated patients.

 

Having
found increased apoptotic germ cell death after treatment of
cryptorchidism with hCG in testis biopsies taken 

 

z

 

 20 yr ago,
we assessed the possible long-term consequences of the hCG
treatment–induced germ cell death in prepuberty on reproduc-
tive functions in adult life. Because of the small number of pa-
tients with bilateral cryptorchidism (two hCG-treated, two
nontreated patients), statistical analyses were only done for
the patients with unilateral cryptorchidism, although the re-
sults were consistent in boys with unilateral and bilateral crypt-
orchidism. When the cryptorchid patients were divided ac-
cording to the levels of DNA fragmentation, those patients
who had exhibited elevated DNA fragmentation also had smal-
ler testis volumes and higher serum FSH levels than those with
normal levels of low molecular weight DNA (Table II). Serum
LH and testosterone levels were similar between the two

groups. Furthermore, no differences were observed in any of
the parameters of the semen analysis, although a tendency for
poorer semen quality was seen in patients with elevated levels
of low molecular weight DNA (Table II). A significant nega-
tive correlation was found between the level of low molecular
weight DNA and the testis volume in adulthood (Fig. 3). Fur-
thermore, the level of low molecular weight DNA positively
correlated with serum FSH levels. The three patients with the
highest level of DNA fragmentation were those who had su-
pranormal serum FSH levels (i.e., 

 

.

 

 10 IU/L) (Fig. 3).

 

Discussion

 

Using the gel fractionation and in situ analysis of DNA frag-
mentation, this study provides biochemical evidence of apop-
totic cell death in testicular germ cells in prepubertal boys.
Testicular DNA analyzed by 3

 

9

 

-end labeling followed by auto-
radiography showed that the levels of apoptotic (internucleo-
somal) DNA fragmentation in the cryptorchid testis is in-
creased after treatment of cryptorchidism with hCG. In situ
analysis further demonstrated DNA fragmentation in sper-
matogonia in a subpopulation of seminiferous tubules. Fur-
thermore, the levels of apoptotic cell death after treatment
with hCG correlate with testis volume (negative) and serum
FSH levels (positive) in adult life, suggesting that these find-
ings have direct clinical relevance. The testis is very vulnerable
in prepubertal life, and several factors that negatively affect the
germ cells in prepuberty can cause disruptions of germ cell de-
velopment and subsequent hypogonadism. Since cryptorchid
patients have reduced numbers of germ cells, these patients
may not be able to adequately compensate for any further re-
duction in germ cell numbers induced by hCG treatment.

Cell death may occur by two different mechanisms: necro-
sis and apoptosis (19). In apoptosis, a specific endonuclease
cleaves the cell’s DNA at internucleosomal sites to form multi-
mers of 180–200 basepairs, a precise phenomenon which has
been largely accepted as the hallmark of apoptosis (20). Ob-
servations on the morphological changes in the cell reveal nu-
clear and cytoplasmic condensation and breakage of the cell
into several membrane-bound apoptotic bodies. These bodies
are then rapidly phagocytosed by macrophages or by other
neighboring cells. Apoptosis has been observed in many differ-

 

Table II. Various Parameters of Reproductive Function in Adult Patients Treated Operatively for Unilateral Cryptorchidism
in Prepuberty

 

hCG treatment Relative level of low molecular weight DNA

No Yes

 

P

 

 

 

5

 

Normal* Elevated

 

‡

 

P

 

 

 

5

 

Testis volume (mL) 20.6

 

6

 

2.3 10.8

 

6

 

1.4 0.0009 20.3

 

6

 

2.0 10.1

 

6

 

1.4 0.0002

Serum FSH (IU/liter) 3.1

 

6

 

0.3 6.2

 

6

 

1.0 0.05 3.0

 

6

 

0.3 6.5

 

6

 

1.1 0.008

Serum LH (IU/liter) 3.9

 

6

 

0.6 4.2

 

6

 

0.3 NS 4.0

 

6

 

0.5 4.1

 

6

 

0.4 NS

Serum testosterone (nmol/liter) 20.6

 

6

 

2.7 21.1

 

6

 

2.0 NS 20.6

 

6

 

2.3 21.1

 

6

 

2.3 NS

Sperm concentration (cells* 10

 

6

 

/mL) 77.8

 

6

 

17.7 89.7

 

6

 

13.0 NS 84.1616.6 84.3613.7 NS

Normal sperm motility (A1B, %) 75.468.2 56.668.3 NS 73.067.5 56.669.8 NS

Normal sperm morphology (%) 44.066.1 30.666.3 NS 43.165.4 29.567.3 NS

Subjects were divided into two groups according to the treatment or the levels of low molecular weight DNA fragmentation in the undescended testis

(n 5 21). The biopsies were taken in prepuberty during orchidopexy. Values are mean6SEM. *Normal levels of low molecular DNA cleavage were

based on results obtained from biopsies of control subjects (scrotal testes of nine prepubertal boys, no prior hCG treatment). In cryptorchid boys, val-

ues below the 95% confidence limit were considered normal. ‡Values above the 95% confidence limit were considered elevated.
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ent tissues, both healthy and neoplastic; it typically involves
single scattered cells, and since it progresses rapidly, it is diffi-
cult to observe (20). Apoptosis may be caused by noxious
agents, but unlike necrosis, it primarily occurs after a physio-
logical stimulus such as a surge or a withdrawal of a hormone
(19–21).

On the basis of morphological analysis, germ cell degenera-
tion during spermatogenesis was recognized almost a century
ago (22). Germ cell deletion during normal spermatogenesis
has been estimated to result in the loss of up to 75% of the po-
tential numbers of mature sperm cells in the adult testis (23–
25). In the rat, peaks of germ cell loss have been shown in
three distinct stages of spermatogenesis: during mitotic divi-

sions of type A spermatogonia, during meiotic divisions of
spermatocytes, and during spermiogenesis (24).

Consistent with the recent data derived from studies of the
rat testis, the cell types showing biochemical evidence of apop-
tosis in human testis were spermatogonia (9). It is established
that spermatogenesis is gonadotropin-dependent, and optimal
function of the testis is supported by FSH and by intratesticu-
lar androgens induced by luteinizing hormone. Hypophysec-
tomy or neutralization of circulating gonadotropins increases
degeneration of spermatogenic cells (26–28). In addition, some
data indicate that the drop in serum testosterone levels also
causes apoptosis in germ cells of the testis, especially among
haploid cells (29). Since serum testosterone levels are in-
creased during the 5-wk hCG treatment by about 150 to 200-
fold, followed by a decrease to low prepubertal levels within a
few weeks (30), we assume that the increase in germ cell apop-
tosis after hCG treatment seen in this study most likely reflects
the androgen withdrawal effect.

An interesting finding was that the patients having had
hCG treatment for cryptorchidism, compared with the non-
hCG-treated patients, had smaller testis volume as adults. These
findings suggest that normal development of the testis is dis-
rupted by the hCG treatment, possibly through the mechanism
of increased apoptotic germ cell death. We could note a ten-
dency of poorer sperm quality in patients having received hCG
treatment before operation, but none of the differences were
significant, most likely due to the compensating effect of the
scrotal testis in cases of unilateral cryptorchidism. The small
number of patients with bilateral cryptorchidism available for
this study did not allow us to substantiate the effect of hCG
treatment on sperm production.

In the numerous studies of semen analysis from men after
cryptorchidism, there is considerable variation in the percent-
age of patients with azoospermia and oligospermia (31–39). In
an analysis of 27 published studies, the percentages of patients
with azoospermia or oligospermia have been shown to be
roughly similar for the groups that had surgical treatment, hor-
monal treatment, or combinations of both (34). Unsuccessful
hCG treatment followed by orchidopexy, however, seems to
result in a higher prevalence of azoospermia than orchido-
pexia alone (56% compared with 42%, respectively) (34).

Hormonal treatment of cryptorchidism was introduced in
1930, and the first hormone used was hCG (40, 41). Crypt-
orchidism has also been treated with synthetic analogs of LH-
releasing hormone (LHRH) (42–44), and combined hormonal
therapy with hCG and LHRH (45–47). The success rates have
been reported to vary from 0 to 55% with hCG (48) and from
9 to 78% with LHRH (49). Recently an extensive metaanalysis
of 33 articles containing a total of 3,282 boys with 4,524 crypt-
orchid testes showed that the success rates with hCG and
LHRH are similar (19 and 21%, respectively), but different
from placebo (4%) (50). The side effects of various treatments
have not been extensively studied. One recent investigation re-
ported an increase in intravascular leukocyte aggregation, and
an increase in volume density of testicular blood vessels as well
as the occurrence of interstitial bleeding, in the testes of hCG-
treated boys (51). Along these lines, previous studies have in-
dicated that hCG causes inflammation-like changes in both
human and animal testes (52, 53). In this study we demonstrate
that treatment with hCG is followed by an increase in germ
cell apoptosis, which in turn is associated with smaller testis
volume and higher FSH levels in adulthood. In summary, we

Figure 3. Correlations between the relative levels of low molecular 
weight DNA fragmentation and adult testis volume (r 5 20.84; P , 
0.001) and serum FSH level (r 5 0.73; P , 0.001) in patients treated 
for unilateral cryptorchidism with (circles) and without (squares) 
hCG in prepuberty.
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propose that because of poor treatment success rates and now
clearly shown side effects, the potential hazards of hCG treat-
ment on the testis should be critically reevaluated.
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