R Cannarella et al.

4 Endocrine
W CONNECTIONS

RESEARCH

Laron syndrome and testicular
function

10:9 1006-1017

Role of the GH-IGF1 axis on the
hypothalamus-pituitary-testicular axis
function: lessons from Laron syndrome

Rossella Cannarella, Andrea Crafa, Sandro La Vignera, Rosita A Condorelli and Aldo E Calogero

Department of Clinical and Experimental Medicine, University of Catania, Catania, Italy

Correspondence should be addressed to A E Calogero: aldo.calogero@unict.it

Abstract

Background: Animal studies suggest that insulin-like growth factor 1 (IGF1) may influence
the function of the hypothalamus-pituitary-testicular axis, especially in childhood, but
the evidence in humans is scanty. Laron syndrome, a human model of IGF1 deficiency,

may help to solve this issue.

Purpose: This systematic review aims to analyze puberty onset and progression,
testicular volume, gonadotropin, and total testosterone serum levels, sperm parameters
and fertility, and penile length in patients with Laron syndrome.
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Methods: Specific keywords were used. All data on male patients with Laron syndrome

were included.

Results: Seventeen articles matched the inclusion criteria and were entered in the
analysis, for a total of 125 male patients. Puberty was absent in 8.9% and delayed in
35.6% of untreated patients of pubertal age. After onset, the duration of the pubertal
process was prolonged in 76.9% of untreated patients. The growth spurt was absent

in 52.6% and delayed in 31.6% of untreated patients. The testicular volume was small

in the two patients who did not receive any treatment. Treatment with IGF1 increased
gonadotropin and testosterone serum levels in five out of five patients of pubertal age.
No effect was found in four out of four patients younger than 5 years. No study reported
data on sperm parameters and fertility. Micropenis occurred in 67.2% of patients.
Conclusion and future perspectives: Delayed puberty is common in patients with Laron
syndrome. The growth hormone-IGF1 axis may influence the time of puberty onset. Serum
levels of IGF1 should be investigated in children with delayed puberty, scarce progression

of testicular growth, and/or micropenis. IGF1 levels might be measured in children with
delayed puberty, poor testicular growth, and/or micropenis.
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Introduction

The acromegaly levels of insulin-like growth factor 1 (IGF1)
that occur in healthy children in pubertal age have led
to the speculation that this hormone may stimulate the
function of the hypothalamus-pituitary-testicular (HPT)
axis in humans (1, 2, 3). In vitro studies and data carried
out in the animal model corroborate this hypothesis. In
particular, IGF1 stimulates the GnRH secretion from GT1-7

cell lines (4) and chemomigration of GnRH-secreting
neurons in Zebrafish (5). Furthermore, we have recently
shown that the growth hormone receptor (GHR) and the
IGF1 receptor (IGF1R) are both expressed in the Gn1l and
the GT1-7 celllines. The incubation with either GH or IGF1
stimulated Gn11 cell migration and GnRH secretion from
GT1-7 cells. Gn11 and GT1-7 cells represent in vitro models
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of immature and mature (GnRH secreting) neurons,
respectively. Therefore, these findings suggest that GH
and IGF1 may stimulate the GnRH neuron migration and
secretion and that their deficiency may adversely affect
the function of the GnRH neurons (6). Interestingly, in
mouse models with a constitutive knockout for the IGF1R,
IGF1 appears to be involved in testicular development
and sex determination. In mammals, IGF1R mediates
the proliferation and differentiation of Sertoli, germ, and
Leydig cells and the mediation of follicle-stimulating
hormone (FSH) effects through the common PI3K/AKT
pathway (7).

This knowledge translated to humans would possibly
highlight the role of IGF1 in the management of patients
with delayed puberty or hypogonadotropic hypogonadism.
It is concerning that the evidence in humans is scarce, as
the IGF1R knockout is incompatible with life. The human
phenotype that is closest to the animal model is that of
the Laron dwarfism (7). Laron syndrome is a condition
characterized by resistance to GH caused by mutations
in its receptor. This results in a disease characterized by
high levels of structurally normal GH, with low levels of
IGF1. Phenotypically, these patients are characterized
by dwarfism, obesity, severe hypoglycemia, typical head
configuration with a small face and bulging forehead
resulting in a saddle nose. Their voice is high-pitched and
they have thinning hair. Finally, another feature common
to male patients with Laron syndrome is poor genital
development, which strengthens the correlation between
IGF1 and the HPT axis function (8).

Since 1970, several studies have evaluated the
andrological features of these patients. Therefore, the
purpose of this systematic review is to analyze the evidence
collected over the years on this topic in patients with
Laron syndrome to highlight the effects of low IGF1 on
the human HPT axis. Particularly, the following outcomes
were analyzed: puberty onset and progression, testicular
volume, gonadotropin, and total testosterone serum levels,
sperm parameters and fertility, micropenis.

Methods
Sources

Data used to perform this systematic review were
independently extracted by A Cand R C A systematic search
was performed through PubMed, MEDLINE, Cochrane,
Academic One Files, Google Scholar, and Scopus databases,
from each database inception to September 13, 2020.
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The search strategy was based on the combination of
the following medical subjects headings (MeSH) terms and
keywords, by using 'AND' between each MeSH search term
category: 'Laron syndrome,' 'Primary GH insensitivity,'
'GHresistance,' 'Growth hormone insensitivity,' 'testicular
volume,' 'testis," 'FSH,' 'LH," 'puberty,' 'Leydig cell,' 'Sertoli
cell," 'fertility,’ 'sperm,' 'testosterone,' 'GnRH,' 'sexual
development,' 'micropenis.’ Additional manual searches
were made using the reference lists of relevant studies.
No language restriction was used for any literature search.
This study was performed using the preferred reporting
items for systematic review and meta-analysis protocols
(PRISMA-P) (7).

Study selection

All studies that analyzed the HPT axis of the patients with
Laron syndrome were included in the study, comprising
individual case reports. In particular, we focused on
studies evaluating the onset of puberty, testicular volume,
development of the external genitalia, fertility, and sex
hormone levels of these patients. The studies on patients
with GH deficiency, reviews, and experimental animals
were excluded.

Results

Using the above-mentioned search terms, 110 articles were
selected. After the exclusion of 38 duplicated records, 72
articles were screened. Among these, 34 were excluded
after having read their title and abstract, since they were
not performed in patients with Laron syndrome. The
remaining 38 full texts were carefully read. Among them,
10 studies were excluded as they were performed on
animals, and 11 were excluded as they were review articles.
Finally, 17 articles matched our inclusion criteria, for a
total of 350 patients with Laron syndrome. Among these,
125 were males and were included in the analysis (Fig. 1).
These patients are concentrated in the Mediterranean
area, southern Ecuador, and South America, with a similar
gender distribution (10). The main features of the included
studies are summarized in Table 1.

Puberty onset and progression

In boys, delayed puberty is diagnosed when the testicular
volume does not increase (<4 mL) despite coming of age
or in case more than 4 years passed between the onset of
testicular development and the completion of the puberty
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Records screened
(n=72)

4
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(n=34)

A 4

Ful-text articles
assessed for eligibility
(n=38)

4

Ful-text articles
excluded, with reasons
(n=21)

A

Studies included in
qualitative synthesis
(meta-analysis)
(n=17)

[ Included ][ Eligibility ][ Screening ][Identification]

progression (11). Studies conducted on Laron’s patients
suggest that these patients have a greater predisposition
to delayed puberty, and the entire duration of the pubertal
process appears to be longer. In the first study published in
1970, Laronand colleaguesreported thatthree outofsixboys
with GH insensitivity syndrome (GHIS) and in pubertal age
did not have any secondary sexual characteristics (12). Ten
years later, they found these puberty alterations on seven
boys with Laron syndrome. One of them, aged 20 years,
did not show signs of puberty, the other six showed a delay
in the pubertal progression with an increase in testicular
volume starting between 12 and 14 years, the appearance
of pubic hair between 13 and 16 years, and axillary hair
later than 16 years old. The age of the first ejaculation,
which is usually reported to be around 13.5 years old (13),
was also reported delayed (after the age of 17 years) in three
of them. In two patients, the entire pubertal process was
completed at the age of 22 years. Finally, it was possible
to evaluate the presence of pubertal growth spurt only in
three of the seven boys (14). In another study carried out
in 27 Ecuadorian children with Laron syndrome, puberty
was delayed by up to 7 years in half of them (15). Also,
Pertzelan and colleagues showed that puberty was delayed
at the age of 16 and 21 years, respectively, in two out of six
patients studied. Furthermore, this study showed that the

Figure 1
Flow chart of the studies included in the
systematic review.

onset of puberty was much more delayed in males than in
females (15.6 + 2.6 years vs 11.8 + 0.2 years, respectively).
Also, the duration of the pubertal process was much
longer in patients with Laron syndrome (6.2 £ 0.6 years)
than in normal subjects (4.5 years) and in patients with
GH deficiency, compared to women with Laron syndrome
(4.6 £ 0.5 years) (16). This supports the hypothesis that
the GH-IGF1 axis stimulates the development of the male
gonad, probably due to a mechanism of interdependence
with the sex hormones (14). Finally, growth spurt was also
reduced in patients with Laron syndrome of both sexes
(16). The absence of the typical pubertal spurt was also
shown by another study evaluating ten males with Laron
syndrome from birth to adulthood. In all ten patients, the
typical pubertal spurt was missing, and the mean onset age
of the pubertal process was 15.6 years for men vs 10.7 years
for women with the same disease (17). In another study
including 12 males and 15 females with GHIS, puberty
was absent in 2 boys aged 15 years and in 3 girls over 13
years (18). In a recent case report, a 14-year-old boy with
laboratory tests suggestive of Laron syndrome (normal GH
levels with low IGF-1 levels) presented a Tanner stage of 1
for genital development (absence of pubertal signs). In this
patient, treatment with exogenous IGF1 led to the onset of
the pubertal process (19).
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1

Case report

De Lima Jorge

auxological parameters,

et al. 2008 (29)

micropenis, GH, GH peak, IGF1,

IGF1 peak, IGFBP3

FSH, follicle-stimulating hormone; GH, growth hormone; GHBP, GH binding protein; IGF1, insulin-like growth factor 1; IGF2, insulin-like growth factor 2; IGFBP1, IGF binding protein 1; IGFBP2, IGF

aWith the exception of the studies by Phanse-Gupte et al. 2014 and Burren et al. 2001, only the age of the male patients has been reported. PThe study reports the age of all (male and female) the
binding protein 2; IGFBP3, IGF binding protein 3; LH, luteinizing hormone; T, testosterone.

included patients. The age of the male ones is not available.

Testicular volume

Few data have been published on the testicular volume.
Albeit many studies report genital infantilism and
microrchidism, few of them have evaluated testicular
development in patients with Laron syndrome. Since
his first study, Laron noted that the testes were smaller
than normal in five out of the six patients with GHIS and
remained small throughout the follow-up period (12).
In Castillo-Cortazar’s case report, the patient's testicular
volume at the age of 14 was 7 mL (19). In another study,
Laron reported that the testes of these patients remained
small even in the two patients who reached full sexual
maturity with a volume of about 8 mL, as we have estimated
from the graph reported in his article (14). GH and IGF1
may be able to stimulate the GnRH neuron migration and
function, as in vitro data have recently shown (6). Therefore,
their deficiency may adversely affect the function of
the GnRH neurons, thus explaining the lower testicular
volume of patients with Laron syndrome.

Gonadotropin and testosterone serum levels

Few studies have evaluated the association between the GH-
IGF1 and the HPT axes. However, the association between
the two is evidenced by the typical pubertal delay found
in patients with Laron syndrome. Laron and colleagues
(1998) have assessed the effect of IGF1 administration
on gonadotropins and testosterone levels. While in four
prepubertal patients, no effect was observed, in two pubertal
patients, aged 10 and 14 years, the administration of IGF1
increased the levels of gonadotropins and testosterone at
the beginning of the pubertal process. Finally, even in the
28-year-old patient whose sexual development reached
completeness, the administration of IGF1 was associated
with an increase of the testicular volume (from 13 to 18
mL) and in the length of the penis (from 12 to 13.5 cm).
However, cessation of administration was associated with
a return to pre-treatment testicular volume and penile
dimensions. The study also assessed insulin levels before
and during treatment, showing suppression of insulin
secretion in patients receiving IGF1. These data further
strengthen the direct relationship between IGF1 and sex
hormones, excluding that the androgenizing action may
be due to the relative hyperinsulinemia often present in
these patients (20).

The evidence of an association between the GH-IGF1
axis and sexual hormones is further confirmed by another
study showing that the administration of recombinant
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IGF1 to eight patients (two males and six females) with
Laron syndrome resulted in increased gonadotropin and
testosterone serum levels in both sexes. Interestingly,
the women receiving IGF1 showed not only an increased
gonadotropin serum levels but also the development of
a polycystic ovary syndrome (PCOS)-like condition with
oligomenorrhea, hirsutism, and acne (21).

Sperm parameters and fertility

No study to date has correlated GH and/or IGF1 levels
with sperm parameters in patients with Laron syndrome.
However, the information from patients who got married
does not show a particular reduction in reproductive
capacity despite the low testicular volume (12, 14, 19). This
aspect certainly needs to be more deeply evaluated.

Micropenis

Micropenis is one of the main phenotypic features present
at birth and during childhood in patients with Laron
syndrome. In fact, its prevalence has been explored by
several studies, although at the end of sexual development
the size of the penis reaches the lower limit of the normal
range (14). In the first 1970 Laron’s study, all six patients
with GHIS had a penis length below the normal range
(12). Phanse-Gupte and colleagues showed the presence
of micropenis in three out of the seven patients they
studied (22). In another study, micropenis was found in
19 out of 24 patients (23). Similarly, Savage and colleagues
found micropenis in 7 out of 12 male patients with Laron
syndrome (18). Finally, several case reports reported
the presence of micropenis in these patients (19, 24, 25, 26,
27,28, 29).

As regards the presence of genitourinary
malformations, subcoronal hypospadias (19) and few cases
of cryptorchidism have been described (22, 27, 30).

The presence of micropenis in patients with Laron
syndrome might be firstly ascribable to the effects of the
GH-IGF1 axison the HPT one. In fact, low IGF1 levels might
affect the GnRH neuron secretion and function, inducing
hypogonadism (6). However, the direct effects of IGF1
on the penis may also be involved in pathogenesis. IGF1
indeed enhances penile smooth muscle cell proliferation
(31), their relaxation (32), and fibroblast proliferation (33).
Consequently, IGF1 has been speculated to be needed to
achieve normal penile growth (33).

The prevalence of andrological abnormalities in
patients with Laron syndrome is reported in Table 2.

Laron syndrome and testicular
function

The role of IGF1 on human HPT axis function is currently
unknown. Evidence in animal models suggests that IGF1
stimulates GnRH secretion (4), GnRH neuron migration (5),
and testicular differentiation and function (7), but whether
thisis also true for humans is a matter of debate. The model
of Laron syndrome can offer important food for thought
on the impact of IGF1 deficiency on the HPT function.
This has prompted us to analyze the evidence collected
over the years on this topic, mainly focusing on puberty
onset and progression, testicular volume, gonadotropin
and total testosterone serum levels, sperm parameters
and fertility, and micropenis in male patients with Laron
syndrome. We carefully reviewed all the literature in the
attempt to calculate the prevalence of puberty absence and
progression, delay of the growth spurt, microrchidism,
abnormal sperm parameters or infertility, and micropenis
in these patients. Some features could not be assessed due
to the lack of information retrieved in the studies and, in
some cases, the prevalence was estimated from a very low
number of patients.

Discussion

Puberty onset and progression

We found that puberty was absent in 8.9% and delayed
in 35.6% of patients with Laron syndrome who were at a
pubertal age and did not receive any treatment. Moreover,
puberty progression was prolonged in 76.8% of them,
and the growth spurt was absent in 52.6% and delayed
in 31.6%. These data support that IGF1 may likely play
an important role in puberty initiation and progression.
Accordingly, untreated patients with growth hormone
deficiency (GHD), a disease characterized by low serum
IGF1 levels, commonly have delayed puberty, which has
led to treatment with oxandrolone or testosterone in the
past (34). In GHD patients, the onset of puberty has been
reported to occur after 19.0 + 3.5 months following the
start of GH therapy (35). This may further confirm the
possible role of IGF1 in puberty. Interestingly, an in vitro
study performed in mice has shown that GnRH neurons
express the IGFIR and that its expression varies during
the developmental stage (36). Also, the incubation with
IGF1 results in an increased GnRH secretion in GT1-7
GnRH neuronal cell line (37). Hence, the delay or absence
of puberty in patients with Laron syndrome might
hypothetically be ascribed to the lack of effect of IGF1 on
the GnRH neurons. Nevertheless, it is currently unknown
whether human GnRH neurons express the IGFIR and
whether IGF1 stimulates GnRH release in humans.
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of IGF1 on GnRH neurons, as supported by experimental
data. Accordingly, as previously discussed, IGF1 is able
to directly promote GnRH neuron migration (36) and
GnRH secretion (37), this likely explaining the increase in
gonadotropins and testosterone levels. The indirect effect
may involve AMH. IGF1 promotes Sertoli cell proliferation
and these cells, in turn, secrete AMH (41). Interestingly,
AMH receptors (AMHR) have been reported in human
GnRH neurons, where AMH stimulates neuron firing (43).
Defective AMH signaling results in central hypogonadism
(44), suggesting that normal Sertoli cell proliferation and
AMH secretion in the prepubertal phase is needed for a
physiological puberty onset and progression. Furthermore,
insufficient Sertoli cell proliferation causes low circulating
levels of AMH (39) which, in turn, could affect puberty
onset (44). Hence, hypothetically, IGF1 may impact
the firing of GnRH neurons with a direct or an indirect
mechanism: the first consisting of the direct action of IGF1
on GnRH-secreting neurons; the second mechanism is
AMH-mediated (Fig. 2).

Noteworthy, IGF1 can induce cellular proliferation in
the adrenal cortex by triggering the MAPK/ERK signaling
(45). In turn, evidence has shown that adrenal androgens
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could promote gonadal maturation (46). Hence, the
GH/IGF1 axis may contribute to pubertal development by
also stimulating adrenal function. However, more data are
required on this topic before a conclusion can be achieved.

Sperm parameters and fertility

Another endpoint that we looked for in patients with Laron
syndrome was sperm parameters/fertility. Unfortunately,
to the best of our knowledge, no study has reported data on
sperm parameters or fertility in these patients. In women,
GH seems to influence fertility, as confirmed by the results
of two meta-analyses, which have shown the efficacy of
the treatment with GH to infertile women who did not
respond to the administration of FSH in controlled ovarian
hyperstimulation during cycles of assisted reproductive
technique (47, 48). Few studies have investigated the effects
of GH administration on sperm parameters in patients
with idiopathic severe oligozoospermia (49, 50). Radicioni
and colleagues treated ten patients with severe idiopathic
oligozoospermia with GH. Five patients showed an increase
in sperm concentration and total sperm count, whereas no
difference was found in the others (49). The other study

Sertoli cells

Figure 2

Effects of insulin-like growth factor 1 (IGF1) on
gonadotropin-releasing hormone (GnRH)-
secreting neurons and Sertoli cells. The IGF1
receptor (IGF1R) is expressed in mice GnRH
neurons. Incubation with IGF1 enhances GnRH
synthesis and release, which, in turn, stimulates
the release of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH). IGF1R is also
expressed in Sertoli cells. Incubation with IGF1
alone or in combination with FSH (but not FSH
alone) results in Sertoli cell proliferation.
Immature and proliferating Sertoli cells release
high amounts of anti-Mullerian hormone (AMH).
AMH receptors (AMHR) are expressed in human
GNnRH neurons. At this level, AMH is able to
stimulate GnRH secretion.
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was undertaken in 12 patients with severe idiopathic
oligozoospermia who were treated with GH administered
daily for 5 months, but no significant effect was found on
sperm count (50). On this account, this line of research
was abandoned, mainly due to the lack of efficacy and to
the side effects on the glycometabolic system. Due to the
proliferative effect of IGF1 on Sertoli cells, the effectiveness
of GH could likely be observed only before puberty when
Sertoli cells are still able to proliferate and not in adulthood
when they have reached maturity and are not able to divide
any longer.

Micropenis

The last endpoint that could be evaluated in this systematic
review was micropenis, which seems to occur in 67.2% of
the patients with Laron syndrome. Penile length classically
reflects the exposure to androgens. Accordingly, isolated
micropenis is a clinical sign of androgen deficiency or
insensitivity (51). However, as known, IGF1 mediates
the action of GH and promotes tissue growth. Its role in
the development of human sexual organs, including the
penis, has already been suggested. Interestingly, treatment
with GH has been proposed in pubertal children with
hypogonadism and micropenis, in addition to sex steroids
(1). On this account, the effectiveness of GH therapy
combined with testosterone has been proven in a mice
model with a micropenis (52). The results of this study
showed that a complete restoration of penile length was
achieved only with the combined therapy, whereas GH or
testosterone alone were not effective (52).

Therapeutic implications

The role of GH administration in children with delayed
puberty or central hypogonadism deserves to be studied as
has already been suggested (1). From a theoretical point of
view, treatment with GH (hence rising IGF1 serum levels)
of a prepubertal child who does not reach IGF1 serum
levels in the typical range for this age but that do not
satisfy the diagnostic criteria of GHD may be preferable to
gonadotropins because of future fertility prevention, due
to the effect of IGF1 on Sertoli cell proliferation (41).

Since Sertoli cells can support a limited number of
germ cells, the final number of Sertoli cells that are reached
during the prepubertal phase limits the capacity of sperm
production (5§3). Exposure to androgens block Sertoli cell
proliferation, and they begin to maturate (53). Therefore,
when puberty is induced, Sertoli cell proliferation should
be supported and only afterward their maturation should

Laron syndrome and testicular
function

be initiated with androgens. Indeed, the effects of FSH
on Sertoli cells appear to be mediated by IGF1R (54),
as supported by tyrosine-kinases receptor-associated
second messengers, such as ERK1/2, PI3K/AKkt, of the FSH
signaling pathway (53). We have recently shown, using an
experimental model on porcine prepubertal Sertoli cells,
no effect of FSH alone on Sertoli cell proliferation. Instead,
the proliferation was stimulated by incubation with IGF1
alone or FSH plus IGF1 (41). These findings highlight the
importance of the presence of normal IGF1 levels for FSH
to be fully effective.

Conclusion and future perspectives

The little available data on Laron syndrome show that
these patients may have absence or delayed puberty and
growth spurt, low testicular volume, and micropenis.
These characteristics may be reasonably attributable to the
lack of IGF1 effects, as supported by evidence in patients
with GHD, animal models, and in vitro studies. Therefore,
the 'lesson' that may be learned from Laron syndrome is
that serum levels of IGF1 should be evaluated in children
with delayed puberty, poor testicular growth, and/or
micropenis.

In conclusion, prospective studies are needed to
evaluate the effects of the GH/IGF1 axis for the induction
of puberty in patients with delayed puberty, especially
when these patients fail to reach the serum levels of IGF1
considered normal in the prepubertal period.
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