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Context: Kallmann’s syndrome (KS) is a genetically heterogeneous disorder consisting of congen-
ital hypogonadotropic hypogonadism (CHH) with anosmia or hyposmia.

Objective: Our objective was to compare the reproductive phenotypes of men harboring KAL1 and
FGFR1/KAL2 mutations.

Design and Patients: We studied the endocrine features reflecting gonadotropic-testicular axis
function in 39 men; 21 had mutations in KAL1 and 18 in FGFR1 /KAL2, but none had additional
mutations in PROK-2 or PROKR-2 genes.

Results: Puberty failed to occur in the patients with KAL1 mutations, all of whom had complete
CHH. Three patients with FGFR1/KAL2 mutations had normal puberty, were eugonadal, and had
normal testosterone and gonadotropin levels. Cryptorchidism was more frequent (14 of 21 vs. 3 of
15; P � 00.1) and testicular volume (2.4 � 1.1 vs. 5.4 � 2.4 ml; P � 0.001) was smaller in CHH subjects
with KAL1 mutations than in subjects with FGFR1/KAL2 mutations. The mean basal plasma FSH level
(0.72 � 0.47 vs. 1.48 � 0.62 IU/liter; P � 0.05), serum inhibin B level (19.3 � 10.6 vs. 39.5 � 19.3 pg/ml;
P � 0.005), basal LH plasma level (0.57 � 0.54 vs. 1.0 � 0.6 IU/liter; P � 0.01), and GnRH-stimulated
LH plasma level (1.2 � 1.0 vs. 4.1 � 3.5 IU/liter; P � 0.01) were significantly lower in the subjects with
KAL1 mutations. LH pulsatility was studied in 13 CHH subjects with KAL1 mutations and seven
subjects with FGFR1/KAL2 mutations; LH secretion was nonpulsatile in all the subjects, but mean
LH levels were lower in those with KAL1 mutations.

Conclusion: KAL1 mutations result in a more severe reproductive phenotype than FGFR1/KAL2
mutations. The latter are associated with a broader spectrum of pubertal development and with
less severe impairment of gonadotropin secretion. (J Clin Endocrinol Metab 93: 758–763, 2008)

Kallmann’s syndrome (KS) is a developmental disorder com-
bining congenital hypogonadotropic hypogonadism

(CHH) with anosmia or hyposmia. The anosmia is related to

hypoplasia or aplasia of the olfactory bulbs. CHH is due to
GnRH deficiency, which likely results from failed embryonic
migration of GnRH-synthesizing neurons. The gene KAL1, re-
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sponsible for the X-chromosome-linked form of KS was identi-
fied 15 yr ago (1, 2). More recently, loss-of-function mutations
in the fibroblast growth factor receptor 1 (FGFR1) gene (FGFR1/
KAL2) were shown to cause one of the autosomal dominant
forms of KS (3–7). KAL1 encodes anosmin-1, a locally restricted
glycoprotein of embryonic extracellular matrices, which is likely
to be involved in FGFR1 signaling and in normal embryonic
migration of GnRH neurons (4).

Previous studies performed before the discovery of FGFR1/
KAL2 as a gene underlying one autosomal form of KS suggested
that CHH secondary to KS could be more severe than normosmic
CHH (8, 9). In fact, KS is clinically heterogeneous, and patients
display a broad spectrum of reproductive phenotypes ranging from
CHH associated with micropenis and cryptorchidism to normal
puberty (3–7, 10). The purpose of this study was to determine
whether KS patients carrying KAL1 mutations have a more severe
reproductive phenotype than patients harboring FGFR1/KAL2
mutations. We therefore compared parameters reflecting gonado-
tropic and testicular functions in 21 men with KAL1 and 18 men
with FGFR1/KAL2 mutations and autosomal inheritance.

Patients and Methods

We included 39 men aged 18–55 yr and carrying either KAL1 (n � 21)
or FGFR1/KAL2 (n � 18) mutations, all of the latter having an auto-
somal form of KS (Table 1). A detailed history was taken and a thorough
physical examination was undertaken to evaluate spontaneous sexual
maturation. Thirty-six men had KS and CHH (Table 1). The remaining
three men were apparently normal (cases 23, 25, and 31; Table 1) and
were identified during familial studies of patients with KS phenotype.
The diagnostic criteria for CHH were the following: failure of sponta-
neous puberty at 17, small testicular volume, a normal hypothalamic-
pituitary region on magnetic resonance imaging (MRI), a low plasma
testosterone level, and a low or inappropriately normal plasma gonad-
otropin level. In the patients with CHH, all other pituitary functions were
normal. All the patients with CHH were considered to have KS because
olfactometry, used to achieve the measure of detection and identification
threshold for five odorants (12) showed anosmia or hyposmia and MRI
showed olfactory bulb aplasia or hypoplasia in the majority (Table 1).
Stretched penile length was measured at diagnosis, before any androgen
therapy; microphallus was defined as a length less than 2.5 cm (13).
Testicular volume was measured at the same time by using both a Prader
orchidometer and by sonography when intrascrotal and by sonography
in patients with cryptorchidism. None of the patients had received go-
nadotropin replacement therapy before this study. Patients who were
receiving androgen replacement therapy were taken off testosterone for
at least 2 months before the hormonal investigations. On the day of
admission, a blood sample was drawn between 0800 and 1000 h and
stored until assay to determine baseline serum FSH, LH, testosterone,
and inhibin B levels.

The study was approved by the local ethics committee, and the pa-
tients gave their written informed consent.

Assays
All the hormone measurements were performed in a single assay.

Plasma LH, FSH, and inhibin B were measured with an immunoradio-
metric assay or with an ELISA as reported (14). The intra- and interassay
coefficients of variation were, respectively, 1.5 and 5.2% for LH, 2.7 and
5.5% for FSH, and 6 and 15% for inhibin B. The detection limits were
0.15 IU/liter, 0.2 IU/liter, and 10 pg/ml for LH, FSH, and inhibin B,
respectively. Plasma testosterone was measured with a commercial RIA

method with a detection limit of 0.19 nmol/liter and intra- and interassay
coefficients of variation of 5.8 and 8.0%, respectively.

Analysis of gonadotropin secretion
The GnRH challenge test (100 �g iv) was performed as reported (15).

Endogenous LH secretion, analyzed according to the algorithm of
Thomas et al. (15, 16) was evaluated overnight at 10-min intervals for 6
or 8 h, as reported (15), in 12 KS patients with KAL1 mutations (cases
1, 2, 5, 9–13, 15, 16, 20, and 21) and in seven KS patients with FGFR1/
KAL2 mutations (cases 22, 26, 27, 29, 30, 35, and 37) four and two of
whom had previous androgen therapy, respectively (Table 1).

Molecular studies
KAL1 and FGFR1/KAL2 mutations were identified as previously

reported (3, 5, 7, 11). Five of the KAL1 mutations are novel mutations,
whereas all the FGFR1/KAL2 mutations have previously been reported
(Table 1) (3, 5, 7). No mutations in the Prokineticin-2 and Prokineticin
receptor-2 genes (10) were found in any patient (Table 1). No additional
mutations in FGFR1/KAL2 were found in the subjects with KAL1 mu-
tations (Table 1).

Results

Prevalence of CHH in patients with KAL1 and FGFR1/
KAL2 mutations

Spontaneous pubertal development had failed in all the pa-
tients with KAL1 mutations; physical examination showed a
testicular volume of 4 ml or less, suggesting a complete lack of
pubertal development. All these patients were therefore consid-
ered to have complete CHH. In contrast, familial investigations
of the patients with FGFR1/KAL2 mutations identified three
ascendants (patients 23, 25, and 31; Table 1) who had mutations
in this gene but who had undergone normal spontaneous puberty
(virilization and growth spurt) between 13 and 14 yr of age;
physical examination showed normal virilization and a postpu-
bertal testicular volume (15–25 ml) compatible with normal go-
nadal function. These three men also had normal plasma testos-
terone and gonadotropin concentrations.

Clinical and hormonal evaluation of CHH patients with
KAL1 and FGFR1/KAL2 mutations

Prevalence of microphallus and cryptorchidism
The three eugonadal subjects harboring FGFR1/KAL2 mu-

tations were excluded from this part of the analysis.
Four (19%) of the 21 CHH patients with KAL1 mutations

and two (13%) of the 15 CHH patients with FGFR1/KAL2
mutations had micropenis at the time of diagnosis (P � 0.09).
Cryptorchidism was significantly (P � 0.01, �2 test) more fre-
quent in patients with KAL1 mutations (14 of 21, 67%; bilateral
in 11 patients) than in patients with FGFR1/KAL2 mutations
(three of 15, 20%; bilateral in two patients).

Testicular volume and secretions
Mean testicular volume was significantly lower in the CHH

patients with KAL1 mutations (2.5 � 1.1 ml; mean � SD) than
in the CHH patients with FGFR1/KAL2 mutations (5.4 � 2.2
ml; P � 0.0001) (Fig. 1A). Figure 1B shows individual circulating
testosterone levels, which were always below normal in both
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groups of patients. Mean serum concentrations of inhibin B were
below normal in the two groups of patients and significantly
lower in the CHH patients with KAL1 mutations than in those
with FGFR1/KAL2 mutations (P � 0.005) (Fig. 1C).

Basal and stimulated gonadotropin levels
Mean basal FSH (0.72 � 0.47 and 1.48 � 0.62 IU/liter, P �

0.05) (Fig. 1D) and LH (0.57 � 0.54 and 1.0 � 0.60 IU/liter, P �

0.001) (Fig. 1E) levels were much lower than normal in the two

groups of patients and were significantly lower in the patients
with KAL1 mutations than in those with FGFR1/KAL2 muta-
tions. The mean poststimulation LH peak level (0.9 � 0.9 vs.
4.0 � 3.8 IU/liter; P � 0.002) was also significantly lower in
CHH patients with KAL1 mutations (Fig. 1F).

LH secretion
All the tested patients had apulsatile LH secretion. The mean

plasma LH level (0.37 � 0.24 IU/liter) was lower in the patients

TABLE 1. Characteristics and molecular analysis in patients with KAL1 and FGFR1/KAL2 mutations

Patient Age (yr)
Puberty/sperm

count
Sense of smell/

OB on MRI
Mutation (Ref.)/

additional mutationa

KAL1
1b 17 No/az A/ap (B) Gene deletion (11)/No
2b 18 No/az A/ap (B) Gene deletion (11)/No
3 34 No/az A/ap (B) Gene deletionc/No
4 35 No/az A/ap (B) Gene deletionc/No
5 26 No/az A/ap (B) IVS1�1G3A (5)/No

Truncated protein
6b 17 No/NE A/ap (B) p.R191fsX14 (5)/No
7b 20 No/az A/ap (B) p.R191fsX14 (5)/No
8 40 No/az A/ap (B) p.R262X (5)/No
9b 17 No/NE A/ap (B) p.N267Kc/No

10b 19 No/az A/ap (B) p.N267Kc/No
11 17 No/az A/ap (B) 1016–1017insA (5)

Truncated protein/No
12b 21 No/az A/ap (B) p.R423X (5)/No
13b 18 No/az A/ap (B) p.R423X (5)/No
14 21 No/az A/hyp (B) p.R424X

c
/No

15 18 No/NE An/NE p.R457X (5)/No
16b 22 No/az An/ap (B) p.P551-E552delinsSX (5)/No
17b 17 No/az An/ap (B) p.P551-E552delinsSX (5)/No
18b 25 No/az An/hyp (B) p.P551-E552delinsSX (5)/No
19 17 No/az A/NE p.W571R (5)/No
20b 19 No/az A/ap (B) p.Y617Xc/No
21b 17 No/az A/ap (B) p.Y617Xc/No

FGFR1/KAL2
22b 17 No/az A/ap (B) p.Y99C (3)/No
23b 52 Yes/NE N/N p.Y99C (3)/No
24 22 No/az A/ap (B) p.C101F (7)/No
25 47 Yes/NE H/hyp (B) p.V102I (5)/No
26 18 No/az A/ap (B) p.D129A (5)/No
27 17 No/az A/ap (B) p.V273M (5)/No
28 27 No/az A/ap (B) p.C277Y (3)/No
29 20 No/az A/ap (B) p.R365fsX41 (5)/No
30b 19 No/az A/ap (B) p.V607M (3)/No
31b 55 Yes/NE N/N p.V607M (3)/No
32b 17 No/az A/ap (B) c.1970–1971delCAd (3)/No
33b 35 No/az A/ap (B) c.1970–1971delCAd (3)/No
34 24 No/az A/ap (B) p.R622X (3)/No
35 23 No/oligoe A/ap (B) p.R661X (7)/No
36 26 No/az A/NE p.S685F (7)/No
37 25 No/az A/ap (B) p.Y730X (5)/No
38 23 No/az A/ap (B) p.P772S (7)/No
39 21 No/az H/hyp (U) p.R822C (7)/No

In patients 23, 25, and 31, plasma testosterone levels were 21, 10.2, and 19.8 nmol/liter, respectively. A, Anosmia; ap, aplasia; az, azoospermia; B, bilateral; H,
hyposmia; hyp, hypoplasia; NE, not examined; OB, olfactory bulbs; U, unilateral.
a In Prokineticin-2, Prokineticin receptor-2, and FGFR1/KAL2 genes in patients 1–21 and in Prokineticin-2 and Prokineticin receptor-2 genes in patients 22–39.
b Patients with the same mutation are members of the same kindred.
c Present work.
d Frameshift mutation.
e Oligospermia: 3.9 � 106/ml.
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with KAL1 mutations than in those with FGFR1/KAL2 muta-
tions (1.13 � 0.77 IU/liter; P � 0.01).

Discussion

We compared the prevalence and severity of CHH in 38 patients
with characterized KAL1 and FGFR1/KAL2 mutations. Indeed,
before FGFR1/KAL2 mutations were shown to cause an auto-
somal dominant form of the syndrome, some studies were de-
signed to compare the overall severity of CHH between patients
with KS and patients with normosmic CHH (8, 9). The FGFR1/

KAL2 gene was not screened for mutations, and/or the KAL1
gene was screened only in a minority of patients considered to
have the X-linked mode of inheritance (8, 9, 17). However, we
now know that some patients with a pedigree suggesting an X-
linked mode of inheritance in fact have FGFR1/KAL2 muta-
tions, undermining comparisons based mainly on pedigree clas-
sification (3–5, 7). Overall, these former studies indicated a more
severe gonadotrope phenotype in patients with KS, but the ge-
netic and clinical heterogeneity of this syndrome was not always
taken into account. Our results clearly show the more severe
gonadal status of patients with KAL1 mutations relative to those
with FGFR1/KAL2 mutations. The former patients also had a
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FIG. 1. Individual mean testicular volume (TV) (A), plasma total testosterone (T) (B), serum inhibin B (IB) (C), basal plasma FSH (D), basal plasma LH (E) levels, and
individual LH response (peak) to GnRH (100 �g iv) (F) in CHH patients with KAL1 and FGFR1/KAL2 mutations. The normal ranges in adult men were 15–30 ml for
testicular volume, 9.7–28.4 nmol/liter for testosterone, 96–360 pg/ml for inhibin B, 3.0–7.0 IU/liter for basal FSH and 2.9–8.0 IU/liter for basal LH. A significant positive
correlation (Spearman’s rank correlation procedure) was observed between inhibin B and testicular volume in CHH patients with KAL1 (r2 � 0.52; P � 0.001) and
FGFR1/KAL2 (r2 � 0.49; P � 0.01) mutations. The Kolmogorov-Smirnov nonparametric test was used to compare above quantitative variables between CHH patients
with KAL1 and FGFR1/KAL2 mutations. P values � 0.05 were considered to denote statistical significance (see text). In two patients with KAL1 mutations and
cryptorchidism, testicular volume measurements were not available.
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higher prevalence of cryptorchidism, which reflects severe peri-
natal gonadotropin deficiency (18).

Circulating levels of inhibin B were significantly lower in
CHH patients with KAL1 mutations. This finding also indicates
that CHH is more severe in patients with KAL1 mutations than
in those with FGFR1/KAL2 mutations. Given the known prog-
nostic value of cryptorchidism, testicular volume, and inhibin B
levels for fertility in patients with CHH (19), infertility could be
more difficult to treat and the risk of testicular cancer could be
increased in men with KS due to KAL1 mutations.

Another finding is that LH secretion was apulsatile in both
groups of patients. The mean LH level was significantly lower in
KAL1 patients than in FGFR1/KAL2 patients, indicating that
gonadotropin secretion is more severely affected in the former
patients (17). This is further supported by the stronger decline in
FSH and the smaller increase in LH after GnRH stimulation in
KAL1 patients.

The normal pubertal development and gonadal status in three
of the men with FGFR1/KAL2 mutations differs from the phe-
notype reported by Pitteloud et al. (6) in a man with CHH and
an FGFR1/KAL2 mutation who had late puberty but recovered
normal gonadotropic function in adulthood. These three men
were identified during familial investigations of their sons, who
had CHH and anosmia, underlining the variable penetrance of
this genetic form of KS. In contrast, CHH seems to show almost
complete penetrance in men with documented KAL1 mutations.
Thus, men with FGFR1/KAL2 mutations have a broad spectrum
of pubertal development and less severe CHH than men with
KAL1 mutations. Our results are in line with a recent, noncom-
parative study by Pitteloud et al. (6) who reported 15 men with
FGFR1/KAL2 mutations.

In the absence of additional mutations in three others KS loci
(Table 1) indicating a digenic mechanism (20), it is unclear why
KAL1 mutations should be associated with a more severe gona-
dotrope phenotype than FGFR1/KAL2 mutations. The traits
shared by patients with KAL1 and FGFR1/KAL2 mutations and
in vitro studies suggest that anosmin and FGFR1 might interact
(4, 21). We can speculate that in the absence of a KAL1 healthy
allele in men, loss-of-function mutations in KAL1 could lead to
more severe impairment of the common downstream pathway
than heterozygous FGFR1/KAL2 mutations; in the latter, resid-
ual expression of the normal FGFR1 protein encoded by the
wild-type allele could attenuate the consequences of the lack of
anosmin/FGFR1-mediated GnRH neuron migration during fetal
life (4, 21). This could result in a milder reproductive phenotype
in men with heterozygous FGFR1/KAL2 mutations.

In conclusion, this study shows that men with KS and docu-
mented KAL1 mutations have a more severe reproductive phe-
notype than men with FGFR1/KAL2 mutations, which are as-
sociated with a broad spectrum of phenotypes, ranging from
complete CHH to normality.
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