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Abbreviations & Acronyms
17b-HSD = 17b-hydroxysteroid
dehydrogenase
3b-HSD = 3b-hydroxysteroid
dehydrogenase
ACTH = adrenocorticotropic
hormone
Ad4BP/SF-1 = adrenal 4-binding
protein/steroidogenic factor 1
CD = cluster of differentiation
CHD7 = chromodomain-helicase-
deoxyribonucleic acid-binding
protein 7
CT = computed tomography
FSH = follicle-stimulating
hormone
GCNIS = germ cell neoplasm in
situ
GH = growth hormone
GnRH = gonadotropin-releasing
hormone
hCG = human chorionic
gonadotropin
HE = hematoxylin and eosin
LH = luteinizing hormone
LH-RH = luteinizing hormone-
releasing hormone
PRL = prolactin
SALL4 = Spalt-like transcription
factor 4
TDS = testicular dysgenesis
syndrome
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Introduction: CHARGE syndrome is a rare disorder that causes congenital

abnormalities in multiple organs, including secondary hypogonadism. We report, herein,

a unique case of CHARGE syndrome with both primary and secondary hypogonadism

and discuss the possible causes and pathogenesis in this patient.

Case presentation: A 15-year-old boy with delayed secondary sexual characteristics

and non-palpable testes was referred to our hospital. Physical examination and detection

of a chromodomain-helicase-deoxyribonucleic acid-binding protein 7 gene mutation

confirmed CHARGE syndrome. Hormone stimulation tests suggested both primary and

secondary hypogonadism. Laparoscopic bilateral orchiectomy was performed because of

decreased testosterone production and atrophy in both testes. Pathological examination

of the testes revealed maturation arrest, germ cell neoplasm in situ, and decreased

expression of steroid synthase.

Conclusion: This appears to be the first report of CHARGE syndrome with both

primary and secondary hypogonadism demonstrated in endocrinological and histological

examinations.
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Keynote message

This case appears to be the first report in which endocrinologal and histological studies dem-
onstrated that the patient had not only secondary hypogonadism due to CHARGE syndrome
but also primary hypogonadism. GCNIS and loss of testosterone production were also con-
comitant, suggesting that certain fetal triggers may have caused the TDS.

Introduction

CHARGE syndrome is characterized by multiple congenital anomalies with an estimated inci-
dence in newborns of approximately 1 in 20 000.1 The name is an acronym for the classical
symptoms of “ocular coloboma,” “heart defects,” “atresia of the choanae,” “retarded growth
and development,” “genital hypoplasia,” and “ear abnormalities.” Hypogonadism in CHARGE
syndrome is usually due to endocrine abnormalities in the hypothalamus and pituitary gland,
resulting in decreased secretions of GnRH, LH, and FSH and in turn inducing secondary
hypogonadism. We encountered a rare case of CHARGE syndrome with both primary and
secondary hypogonadism. We discuss the possible causes of primary and secondary hypogo-
nadism based on the results of molecular biological and immunohistological analyses.

Case presentation

A 15-year-old boy was referred to our hospital with the main complaints of delayed second-
ary sexual characteristics and bilateral non-palpable testes. His medical history included ear
anomalies (Fig. 1), hearing loss, mental retardation, short stature, posterior nasal atresia, and
patent ductus arteriosus. The diagnosis of bilateral migrating testes was made at 3 and 7 years
old, but the visits were then interrupted until he was 15 years old. Physical findings included
short stature (105 cm; 2.5 standard deviations below the age-appropriate mean) at 7 years old
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and genitourinary abnormalities such as delayed development
of pubic hair and micropenis (Tanner Stage 1 and 2, respec-
tively). In addition, testes were not palpable bilaterally in the
scrotum or inguinal canal. Neither testis was detectable on
ultrasonography. CT of the head showed no abnormalities in
the brain, including the hypothalamus and pituitary gland.
Chromosomal G-banding analysis showed a 46, XY karyo-
type. CHARGE syndrome was suspected because the clinical
characteristics fulfilled necessary symptoms (mental retarda-
tion and ear abnormalities), one major criterion (posterior
nasal atresia), and two minor criteria (cryptorchidism and car-
diac anomaly). Sequence analysis of the CHD7 gene was per-
formed, revealing an 8-nucleotide deletion in exon 4
(c.2099_2106delAATAAGAA) of CHD7. Finally, this patient
was diagnosed with CHARGE syndrome.

Blood tests revealed low serum concentrations of FSH
(0.33 mIU/mL), LH (0.10 mIU/mL), and total testosterone
(<0.03 ng/mL). Serum ACTH, PRL, and GH levels were
within the reference ranges. FSH and LH were hyporespon-
sive to GnRH stimulation. Moreover, the hCG stimulation
test did not increase the serum testosterone concentration.
These findings showed that the patient had both primary and
secondary hypogonadism. Laparoscopic exploration was per-
formed to identify the location of the testes. Testicular vessels
leading into the inguinal canals were observed on both sides.
Laparoscopic groin exploration was performed and atrophic
testes were identified in the groin canals and pulled into the

abdominal cavity. Since testosterone secretory function was
absent, bilateral orchiectomy was performed. Both excised
testes were atrophic (Fig. 2a,b). HE findings showed atrophic
seminiferous tubules and only Sertoli cells were apparent
(Fig. 3a). Germ cells were large and atypical with nuclear
atypia and clear cytoplasm (Fig. 3b). Immunohistochemical
staining of germ cells showed weak positivity for CD117
(Fig. 3c) and SALL4 (Fig. 3d). These pathological findings
indicated maturation arrest of spermatogenesis and GCNIS in
bilateral testes. The patient has been receiving testosterone
replacement therapy since undergoing bilateral orchiectomy.

Immunohistochemical staining for testosterone-synthesizing
enzymes in Leydig cells including P450scc, P45017a, 3b-
HSD, and 17b-HSD was performed to clarify testicular func-
tion in this patient.1,2 Testicular tissues from patients with
obstructive azoospermia were used as a control. All these
testosterone-synthesizing enzymes showed positivity in con-
trol tissues (Fig. 4a–d), but were negative in our patient
(Fig. 4f–i). In addition, immunohistochemical staining for the
transcription factor Ad4BP/SF-1, which regulates these
enzymes,3 showed positive results in both control tissues
(Fig. 4e) and this case (Fig. 4j). These results suggested that
testosterone synthesis was impaired not at the transcriptional
level, but at the enzymatic level.

Discussion

In CHARGE syndrome, the observed hypogonadism typically
manifests as a secondary type, triggered by endocrine abnor-
malities in the hypothalamus and pituitary gland. The present
case, however, involved a rare condition in which both pri-
mary and secondary hypogonadism were present simulta-
neously. Furthermore, pathological examination showed
maturation arrest of spermatogenesis and GCNIS in bilateral
testes.

The symptoms of CHARGE syndrome are similar to those
of various other congenital diseases, making the syndrome
difficult to distinguish from those diseases based on symp-
toms alone. Genetic diagnosis is the most precise and defini-
tive method and is recommended for the diagnosis of
CHARGE syndrome. We, therefore, investigated mutations in
CHD7, as these gene mutations have been reported in about
90–95% of CHARGE syndrome.4 Zailong et al. reported that
the most common type of mutation is frameshift (41%), fol-
lowed by nonsense mutation (32%). In this case, next-
generation sequencing revealed a frameshift mutation,
c.2099_2106del, in CHD7. This variant has not previously
been reported in the literature. CHD7 is normally related to

Fig. 1 Bilateral auricular asymmetry (yellow arrows) in the patient.

Fig. 2 Gross appearance of the specimen

showing atrophy of the left (a) and right (b) testes

(black circles).
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the formation and migration of GnRH neurons in the hypo-
thalamus. Defects in CHD7 cause improper migration of
GnRH neurons, leading to impaired secretion of FSH, LH,
and consequently testosterone.5 Judging from the endocrine
pathogenesis of typical CHARGE syndrome, LH-RH loading
should theoretically show testosterone secretion from the tes-
tes. However, sufficient testosterone secretion from the testes
was not observed in this case.

Leydig cells are responsible for synthesizing testosterone
to induce androgenization and sustain male reproductive
functions. Immunohistochemical staining of Ad4BP/SF-1 was

positive in this case, while P450scc, P45017a, 3b-HSD, and
17b-HSD were negative. Thus, histopathological examination
suggested that the pathogenesis of Leydig cell dysfunction
was at the level of the steroid-synthesizing enzymes, rather
than at the transcriptional level. To the best of our knowl-
edge, a reduction in steroid synthase expression has not pre-
viously been reported in patients with cryptorchidism or male
infertility.

Dysfunction of the Leydig cells also has a negative influ-
ence on Sertoli cell function. The dysfunction of Sertoli cells
impairs germ cell differentiation, leading to maturation arrest

Fig. 3 Microscopic findings of the testes. The

seminiferous tubules appear atrophic and only

Sertoli cells are evident (HE staining; scale

bar = 25 lm) (a). Large atypical cells with nuclear

atypia and clear cytoplasm are observed in the

seminiferous tubules (HE staining; scale

bar = 10 lm) (b). Immunohistochemical staining

showed CD117 (c) and SALL4 (d) positivity (scale

bars = 25 lm).

Fig. 4 Immunohistochemical findings of steroidogenic enzymes and transcription factor Ad4BP/SF-1. The upper row (a–e) shows the testes in a patient with

obstructive azoospermia, with Leydig cells positive for P450scc (a), P45017a (b), 3b-HSD (c), 17b-HSD (d), and Ad4BP/SF-1 (e). The lower row (f–j) shows the testes

from the present case, demonstrating negative staining for P450scc (f), P45017a (g), 3b-HSD (h), and 17b-HSD (i), but positive staining for Ad4BP/SF-1 (j) (scale

bars = 50 lm).

© 2024 The Authors. IJU Case Reports published by John Wiley & Sons Australia, Ltd on behalf of Japanese Urological Association. 199

CHARGE syndrome with TDS



of spermatogenesis, GCNIS, or testicular germ cell cancer.6

Actually, the present case was also complicated by matura-
tion arrest of spermatogenesis and GCNIS. Skakkebaek et al.
proposed the concept of TDS,7 referring to a series of syn-
dromes in which Leydig cell dysfunction caused by environ-
mental factors during the fetal period leads to decreased
testosterone secretion and abnormalities in sex differentiation
such as hypogonadism and cryptorchidism. The causes of
TDS might be environmental and/or genetic factors during
the fetal period.7 Although risk factors related to testicular
dysfunction were not investigated in this case, we speculated
that some factors during the fetal period might have caused
maturation arrest of spermatogenesis, GCNIS, decreased ste-
roid synthesis, and cryptorchidism. It is possible that GCNIS
could have been prevented if surgery for non-palpable testes
had been performed a little earlier.

In conclusion, we have provided here the first report of
CHARGE syndrome with both primary and secondary hypo-
gonadism which was endocrinologically and histologically
demonstrated. Immunohistochemistry also suggested GCNIS
and loss of testosterone production. TDS caused by the action
of environmental and/or genetic factors during the fetal
period might exist in the background of this case.
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Editorial Comment

Editorial Comment to CHARGE syndrome with both primary and secondary
hypogonadism

CHARGE syndrome, which is a disorder with a combination
of malformations, rarely occurs and, however, is an important
cause of congenital hypogonadism. Most often dysfunction of
chromodomain-helicase-DNA-binding protein (CHD) 7 gene
results in this disorder, causing multiple malformations and
dysfunctions. CHD7 gene dysfunction impairs the function of
the hypothalamus and pituitary gland which results in second-
ary hypogonadism.

Yoshida et al.1 reported a case of CHARGE syndrome
with secondary but also primary hypogonadism that occurred
in a 15-year-old boy. After stimulation with human chorionic
gonadotropin (hCG), the patient’s serum testosterone level
did not elevate, which suggested the presence of mixed hypo-
gonadism. The author decided to perform bilateral orchidect-
omy, and pathological examination revealed germ cell
neoplasia in situ (GCNIS). Thus, the author hypothesized
that1 dysfunction of the Leydig cell function was involved by
decreased expression of steroid-synthesizing enzymes and2

pathogenesis of GCNIS was involved in Sertoli cell degener-
ation associated with Leydig cell dysfunction.

This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in
any medium, provided the original work is properly cited.
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