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dow of frequent blood sampling was monitored to measure 
LH and FSH following a single i.v. GnRH bolus (25 ng/kg). All 
subjects were screened for known loci underlying GnRH de-
ficiency and the response to GnRH was tracked according to 
genotype.  Results:  Among the entire cohort, no changes 
were noted in serum T or I B  during the 7 days, thus keeping 
gonadal feedback relatively constant. However, serum LH 
and FSH levels increased significantly (p  !  0.0001) in the en-
tire cohort. When analyzed by degree of pubertal/testicular 
development, men with no evidence of prior spontaneous 
pubertal development (TV  ̂  3 ml, Group I) showed sharp 
increases in serum FSH compared to men with some prior 
evidence of partial puberty (TV  1 3 ml, Group II, p  !  0.0001). 
Group I exhibited a decreased LH response to GnRH on day 
2 compared to day 1 (p  !  0.01), which did not recover until 
day 5 (1–4 vs. 5–7 days, p  !  0.0001). Group II displayed robust 
and equivalent LH responses to GnRH throughout the 7-day 
study. Genetic studies identified 8 mutations in 4 different 
loci (DAX1, KAL1, GNRHR, and FGFR1) in this cohort.  Conclu-
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 Abstract 

  Background:  The onset of sexual maturation at puberty is a 
unique developmental period from a neuroendocrine per-
spective in that it is characterized by enhanced FSH secre-
tion and FSH responsiveness to exogenous GnRH (vs. LH) 
from the gonadotrope, yet the mechanism of these dynam-
ics remains unclear. This study aimed to elucidate this phe-
nomenon using a human disease model of GnRH deficiency 
(idiopathic hypogonadotropic hypogonadism, IHH) in which 
GnRH input can be experimentally controlled.  Methods:  25 
GnRH-deficient men were selected for study based upon 
their baseline testicular volumes (TV) and serum inhibin B (I B ) 
levels to represent a spectrum of pubertal/testicular devel-
opment. Subjects underwent: (i) a 12-hour overnight neuro-
endocrine evaluation for hormonal profiling and determina-
tion of endogenous LH secretion pattern, and (ii) a 7-day 
exposure to a physiologic regimen of exogenous pulsatile 
GnRH (25 ng/kg every 2 h). Daily measurements of serum 
testosterone (T) and I B  levels were made and a 2-hour win-
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sions:  GnRH-deficient men undergoing GnRH-induced sex-
ual maturation display an inverse relationship between FSH 
responsiveness to GnRH and baseline testicular size and I B  
levels. This observation implies that increasing seminiferous 
tubule maturity represents the major constraint on FSH re-
sponsiveness to GnRH in early puberty. In contrast, LH re-
sponsiveness to GnRH correlates directly with duration of 
GnRH exposure. Attenuated pituitary gonadotropin re-
sponses were noted in subjects harboring DAX1 mutations, 
consistent with known pituitary defects. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Sexual maturation is initiated by the activation of the 
hypothalamic-pituitary-gonadal axis induced by endog-
enous GnRH secretion, typically in a sleep-entrained 
fashion, in early puberty  [1] . In boys, this earliest period 
of sexual development is correlated with relatively iso-
lated growth of the components of the seminiferous tu-
bules of the testes  [2] . As such, spermarche is often 
achieved prior to significant systemic androgenization 
from Leydig cell secretion of testosterone (T) as evi-
denced by mature sperm in the morning urine specimen 
of boys prior to other manifestations of sexual matura-
tion  [3] . This early pubertal program of GnRH secretion 
is characterized by a relatively unique period of FSH
predominant release from the pituitary  [4] . In contrast, 
during later puberty and adulthood, LH responses to en-
dogenous GnRH stimulation predominate and FSH re-
sponsiveness is relatively suppressed  [1, 5, 6] . Previous in-
vestigations into the hormonal dynamics of this early pu-
bertal period have suggested a relatively enhanced secre-
tion of FSH versus LH in response to GnRH that may be 
influenced by the status of gonadal sex steroid feedback 
 [7–11] . However, the impact from non-steroidal gonadal 
proteins, such as inhibin B (I B ), has been less well studied. 
In a cross-sectional study of pubertal boys, Manasco et 
al.  [10]  observed that the greatest increase in FSH levels 
occurred in early puberty when negative feedback was 
the lowest, suggesting a critical role of I B  in the feedback 
control of FSH during later puberty.

  Idiopathic hypogonadotropic hypogonadism (IHH) is 
a human disorder characterized by an isolated defect in 
GnRH secretion or action  [12] . Administration of exog-
enous GnRH to these GnRH-deficient men at dosages 
and frequencies modeled after the GnRH-induced LH se-
cretory profiles of normal adult males  [13–16]  activates 
their pituitary-gonadal axis with resulting long-term 

normalization of steroidogenesis, testicular growth, and 
spermatogenesis which faithfully recapitulates normal 
puberty  [13, 15, 17] . Because the regimen of exogenous 
GnRH stimulation can be fixed and hence quantified in 
GnRH-deficient men, their initial gonadotrope respon-
siveness to such a ‘clamped’ GnRH input provides a 
unique opportunity to dissect the negative feedback in-
fluences of gonadal sex steroids versus seminiferous tu-
bule maturation in controlling the relative responses of 
LH and FSH from the gonadotrope during early puberty. 
As such, this novel investigative model resolves the hu-
man investigative considerations that make studying 
normal children across periods of sexual development 
problematic.

  Materials and Methods 

 IHH Subjects 
 25 men (age 26.5  8  1.8 years) with congenital GnRH defi-

ciency were included in the study. The diagnosis of IHH was 
based on the following criteria: (i) absent or incomplete endoge-
nous pubertal development; (ii) serum T  ̂  100 ng/dl (3.5 nmol/l) 
in association with inappropriately low gonadotropin levels; (iii) 
absence of normal endogenous gonadotropin pulsations during a 
12- to 24-hour period of frequent blood sampling; (iv) otherwise 
normal reserve testing of anterior pituitary function, and (v) a 
normal hypothalamic-pituitary region by MRI. None of the men 
participating in the study received prior GnRH therapy or go-
nadotropin treatment.

  Healthy Genetic Control Subjects 
 A healthy adult male control cohort ( 6 200 subjects) was 

screened to determine whether observed base pair changes in the 
screened genes were normal variants. The study was approved by 
the Human Research Committee at the Massachusetts General 
Hospital, and all subjects provided written informed consent pri-
or to the initiation of any study-related procedures.

  Study Design 
 All the GnRH-deficient men discontinued any prior T therapy 

prior to receiving exogenous GnRH (washout period of  6 4 weeks 
for transdermal T,  6 6 weeks for T injections). Subjects under-
went an initial clinical and biochemical evaluation prior to receiv-
ing a 7-day regimen of pulsatile GnRH. Subjects also provided a 
peripheral blood sample for genetic screening.

  Baseline Clinical Assessment of IHH 
 A detailed history was obtained from each subject including 

history of cryptorchidism, microphallus, prior sexual develop-
ment, and prior therapy. A complete physical examination was 
performed including arm-span measurements, Tanner staging of 
pubic and axillary hair, and measurement of testicular volume 
(TV) using a Prader orchidometer. Subjects underwent quantita-
tive smell testing  [18]  and individuals scoring  ! 5th percentile for 
age were classified as having Kallmann syndrome (KS).
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  Baseline Biochemical Assessment 
 Subjects were admitted to the Massachusetts General Hospital 

Clinical Research Center for an overnight frequent blood sam-
pling study (every 10 min  ! 12 h) to assess their baseline pattern 
of endogenous GnRH-induced LH secretion. Serum LH, FSH, T, 
and I B  were measured in pooled samples constituted from equal 
aliquots of each of the 10-min samples.

  GnRH Administration 
 Patients received GnRH (25 ng/kg/bolus) subcutaneously ev-

ery 2 h via microinfusion pump (Ferring AG, Baar, Switzerland) 
for 7 days. Each day, subjects were admitted to the Clinical Re-
search Center for an i.v. bolus of GnRH (25 ng/kg/bolus) followed 
by blood sampling at 0, 15, 30, 45, 60, 90, and 120 min following 
the GnRH bolus for LH and FSH measurement. Serum T and I B  
were measured at time 0 on each of the 7 days.

  Genetic Studies 
 Subjects were screened for 8 genes known to date to cause IHH 

when mutated:  GNRHR  (NM_000406)  [19] ,  KAL1  (NM_000216) 
 [20] ,  GPR54  (NM_032551)  [21] ,  DAX1  (NM_000475)  [22] ,  FGFR1  
(NM_000604)  [23] ,  FGF8  (NM_033163)  [24] ,  PROK2  (NM_
021935)  [25] , and  PROKR2  (NM_144773)  [26] . Genetic studies 
were performed on DNA extracted from whole blood. The details 
of the PCR amplifications and sequencing were performed ac-
cording to previously reported techniques  [27] . Nonsense chang-
es resulting in a truncated protein, frameshift, insertion, or dele-
tion were categorized as definitive mutations. Nucleotide chang-
es, which were (a) absent from the Single Nucleotide Polymorphism 
database (http://www.ncbi.nlm.nih.gov/projects/SNP/) and ex-
pressed sequence tags and (b) absent in at least 170 ethnically 
matched healthy controls were identified as mutations. All genes 
and proteins are described using standard nomenclature  [28] .

  Hormone Assays 
 Both serum LH and FSH concentrations were determined by 

microparticle enzyme immunoassay (MEIA) using an automated 
Abbott AxSYM system (Abbott Laboratories, Chicago, Ill., USA). 
The Second International Reference Preparation was used as the 
reference standard. The assay sensitivities for LH and FSH were 
1.6 IU/l with intraassay CVs of  ! 7% and interassay CVs of  ! 7.4%. 
A level of detection of 1.6 IU/l based on a HMG standard is equiv-
alent to 0.34 mIU/ml LH or 0.66 mIU/ml FSH based on pituitary 
standards (80/552 and 92/510, respectively). We elected to use the 
HMG standard (1.6 IU/l level of detection) as we have published 
using this reference over the past decades and chose to keep it for 
the sake of consistency. The limits of detection (lowest dose dis-
tinguishable from zero) for the methods we use were 0.07 and 0.05 
mIU/ml for LH and FSH, respectively. Serum T concentrations 
were measured using the DPC Coat-A-Count RIA kit (Diagnos-
tics Products Corp., Los Angeles, Calif., USA). The T assay sensi-
tivity was 4 ng/dl with an intra- and interassay CV of  ! 10%. Es-
tradiol (E 2 ) was measured by the Abbott AxSYM system, which 
had an assay sensitivity of 20 pg/ml. The intraassay CV was 6.4% 
and the interassay CV was 10.6%. I B  was measured using a previ-
ously described commercially available double-antibody enzyme-
linked immunosorbent assay (Serotec, Oxford, UK)  [29] . In our 
experience with this assay, the clinical detection limit is 15.6 pg/
ml, with a CV of 4–6% within plate and 15–18% between plates.

  Statistical Methods 
 For analysis, pulsatile hormone secretion was analyzed using 

a modification of the Santen and Bardin method  [30, 31] . The co-
hort was divided into two groups according to degree of prior 
spontaneous pubertal/testicular development. As T treatment in-
duces virilization, determination of spontaneous pubertal devel-
opment was based on TV. Group I included men with a complete 
absence of spontaneous puberty, i.e., prepubertal TV  ̂  3 ml, 
while Group II included men with some evidence of partial spon-
taneous pubertal development (TV  1 3 ml) as we have described 
previously  [17] . Serum LH and FSH responses to GnRH adminis-
tration were expressed as the geometric mean of the 7 time points 
(0, 15, 30, 45, 60, 90, and 120 min) comprising a single monitored 
bolus of i.v. GnRH delivered at the same time each day. When as-
say results were below the level of detection, the limit of the assay 
was used. Serum T and I B  on day 1 were compared with the levels 
on each of the subsequent study days by paired t tests. The rate of 
rise in LH and FSH across the study was expressed as the slope of 
the lines of regression through the mean of the daily hormone 
levels estimated by the longitudinal mixed effects model with 
random intercept and fixed time effect. We further made a com-
parison of the response days 1–4 and 5–7 by using the linear con-
trast. The correlation of the rate of rise of LH and FSH with TV, 
I B , and rate of rise of daily serum T were respectively determined. 
All data are expressed as the geometric mean  8  SE unless other-
wise stated and a p value  ! 0.05 was considered statistically sig-
nificant.

  Results 

 Baseline Clinical and Biochemical Features 
 The baseline characteristics of the GnRH-deficient 

men are profiled in  table 1 . 13 subjects were anosmic and 
given the diagnosis of KS whereas 12 had normosmic 
IHH. 16 had received prior T therapy whereas 9 had none. 
When the cohort was classified according to prior spon-
taneous testicular development (prepubertal testes TV 
 ̂  3 ml), the groups differed at baseline in terms LH (p  !  
0.005) and I B  (p  !  0.01) ( table 1 ). 13 of the 15 (87%) men 
with absent puberty had undetectable LH secretion, while 
7 of 10 (70%) men with prior evidence of partial puberty 
had detectable baseline LH levels, 3 of whom exhibited 
enfeebled but present pulsatile LH secretion. These find-
ings are consistent with our prior report of 80% of IHH 
men lacking pubertal development demonstrating unde-
tectable LH levels, while only 60% of IHH men with par-
tial puberty have undetectable LH  [26] .

  Responsiveness to GnRH 
 During the 7 days of treatment, both groups displayed 

significant increases in serum LH (p  !  0.0001) and FSH 
(p  !  0.0001) ( fig. 1 ). When examined as a whole, no sig-
nificant changes were noted in either serum T or I B  dur-
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ing the 7 days of treatment. Interestingly, when the groups 
were examined according to level of pubertal develop-
ment, the gonadotropin response to GnRH differed 
markedly ( fig. 1 ).

  Group I: GnRH-Deficient Men without Evidence of 
Prior Testicular Maturation (TV  ̂  3 ml) 
 In response to exogenous GnRH ( fig. 1 ), men in Group 

I exhibited a sharp and progressive rise in FSH from days 
1 to 7 (3.3  8  0.1 to 21.3  8  1.4 IU/l, p  !  0.0001). In con-
trast, the LH response was enfeebled in this group. Their 
mean LH response to GnRH decreased from day 1 to day 

2 (2.8  8  0.2 to 2.3  8  0.1 IU/l, p  !  0.01), remained low 
through day 4 (day 3 = 2.4  8  0.1, day 4 = 3.0  8  0.2 IU/l), 
and then recovered on day 5 (day 5 = 4.1  8  0.3, day 6 = 
4.6  8  0.4, day 7 = 5.2  8  0.5 IU/l; days 1–4 vs. days 5–7, 
p  !  0.0001). Interestingly, those who received prior T 
treatment (n = 8) had a significantly greater increase in 
LH compared to the T-naive subjects (p  !  0.0001) which 
was not observed with FSH. No significant change was 
noted in serum I B  levels (26.9  8  4.3 to 48.4  8  8.3 pg/ml, 
p = 0.26) despite the striking increases in FSH during the 
7 days. Serum T levels also remained unchanged (39  8  6 
to 55  8  15 ng/dl, p = 0.24) in the setting of their signifi-

Table 1. Clinical, biochemical and genetic characteristics of 25 IHH men at baseline prior to GnRH therapy

Patient Diagnosis Crypt-
orchidism

Prior
treatment

TV
ml

LH
IU/l

LH secretion 
pattern

T
ng/dl

FSH
IU/l

IB
pg/ml

Genetic
analysis

No prior puberty
1 KS 1 <1.6 42 2
2 KS 1 <1.6 30 2.3
3 KS bilateral 1 <1.6 16 <1.6
4 KS T 2 <1.6 56 <1.6
5 KS bilateral T 2 <1.6 40 2.2
6 KS bilateral 2 <1.6 73 <1.6 21.2
7 nIHH unilateral T 2 <1.6 89 1.7 39.7
8 nIHH 2 <1.6 14 <1.6 26.7 DAX1 [34]
9 KS 3 2.9 pulsatile 40 6.7 18.5

10 KS T 3 <1.6 34 <1.6 32
11 KS T 3 <1.6 42 2.3 43.3
12 KS bilateral T 3 <1.6 14 <1.6 26.7
13 KS bilateral T 3 <1.6 60 <1.6 <15.6
14 KS bilateral T 3 2.3 apulsatile 32 1.6 29.6 KAL1
15 nIHH 3 <1.6 16 2.5 90.1

Mean 2.3 1.7 40 2.2 30.4
SEM 0.2 0.1 5.7 0.3 5.2

Partial puberty
16 nIHH 4 1.8 apulsatile 13 <1.6 <15.6
17 nIHH T 5 <1.6 10 <1.6 75.7
18 nIHH T 7 7.6 pulsatile 129 5.6 – DAX1 [34]
19 nIHH T 8 3.3 apulsatile 83 <1.6 <15.6
20 KS T 10 4.1 apulsatile 71 3.9 66.3
21 nIHH T 10 <1.6 21 <1.6 <15.6 FGFR1
22 nIHH T 11 6.8 pulsatile 85 2.8 203 FGFR1 [27]
23 nIHH 13 2.3 apulsatile 101 4 88.5
24 nIHH T 13 <1.6 57 <1.6 388.5
25 nIHH T 18 3.5 pulsatile 52 2.4 63.3 GNRHR [35]

Mean 9.9 3.4 62 2.7 104
SEM 1.3 0.7 12.5 0.4 40.5

KS = Kallmann’s syndrome; nIHH = normosmic idiopathic hypogonadotrpic hypogonadism; T = testosterone; TV = mean tes-
ticular volume.
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cant increased LH levels into the normal adult male range 
( fig. 1 ). The absence of changes in I B  and T secretion over 
this time period permitted a relatively clear insight in-
to the interpretation of their FSH vs. LH secretory dy-
namics.

  Group II: GnRH-Deficient Men with Evidence of Prior 
Testicular Development (TV  1 3 ml) 
 Group II exhibited a qualitative and quantitative dif-

ference in the pattern of gonadotropin response to GnRH 
( fig. 1 ). While they exhibited a greater FSH response to 
GnRH administration on day 1 (Group II = 3.7  8  0.2 vs. 
Group I = 3.3  8  0.1 IU/l, p  !  0.05), they did not display 
the same robust increase in FSH responsiveness over the 
ensuing 7 days as seen in Group I (p  !  0.0001). However, 
Group II showed a robust LH response on day 1 with a 
characteristic pulse architecture, which was unchanged 
during the 7 days (day 1 = 8.3  8  0.8, day 7 = 7.8  8  0.4 

IU/l) in contrast to the dynamics observed in Group I
(p  !  0.0001). Gonadotropin responses within Group II 
were similar when stratified according to prior androgen 
exposure (past T treatment, n = 8; T naive, n = 2). No 
changes were observed in serum I B  levels in Group II over 
the 7 days (day 1 = 122.3  8  42.9, day 7 = 128.3  8  43.6 
pg/ml), mirroring the flat slope of the FSH response in 
this group ( fig. 1 ). GnRH-induced LH-stimulated T pro-
duction increased from 85  8  25 ng/dl on day 1 to 134  8  
25 ng/dl on day 7 (p  !  0.05).

  Relationship of Genotype to Gonadotrope Responses 
 Genetic screening revealed mutations in 4 loci for IHH 

( table 1 ). Subject 4 has a heterozygous  FGFR1  mutation in 
the immunoglobulin 2 domain of the receptor (p.E274G). 
Subjects 5, 21, and 22 harbor a heterozygous mutation in 
the immunoglobulin 1 domain of  FGFR1  (p.V102I, p.
Y99C, p.S91S, respectively)  [27, 32] . Subject 14 has a  KAL1 
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  Fig. 1.  Mean ( 8  SE) response to the first 7 days of pulsatile GnRH 
therapy in 25 GnRH-deficient men. The left panels display the 
responses to GnRH treatment in 15 IHH men with no pubertal 
development (Group I) and the right panels display the responses 
of 10 IHH men with partial puberty (Group II). Graphs depict LH 

and FSH response to a single i.v. dose of GnRH (25 ng/kg) during 
a 2-hour window on each of the 7 days. Inhibin B (I B ) and testos-
terone (T) levels were measured each day prior to the i.v. GnRH 
bolus. The shaded region is the reference range for healthy adult 
males  [16] . 
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 missense mutation in the fibronectin repeat domain of 
the protein (p.V543I). Subjects 8 and 18 have a mutation 
and a deletion in  DAX1   [33, 34]  .  Subject 25 carried a ho-
mozygous missense mutation in  GNRHR  (p.Q106R) 
 [35] .

  Eight subjects were found to harbor a mutation either 
in  KAL1  (n = 1),  FGFR1  (n = 4),  DAX1  (n = 2), or  GNRHR  

(n = 1). When stratified according to genotype, subjects 
with  KAL1 ,  FGFR1 ,   or  GNRHR  mutations did not differ 
after adjusting for prior degree of pubertal development. 
In contrast, subjects harboring  DAX1  mutations showed 
an abnormal response to GnRH with no increase in FSH 
or LH consistent with the additional pituitary expression 
of DAX1 ( fig. 2 ).
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  Fig. 2.  Gonadotropin response to GnRH stratified by genotype and degree of pubertal development. The indi-
vidual graphs represent the LH and FSH (2-hour) to a single i.v. GnRH bolus on days 1 and 7 of the 8 subjects 
harboring a mutation in  KAL1, GNRHR, FGFR1 , and  DAX1 . The shaded region is the reference range for healthy 
adult males  [16] . 
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  Discussion 

 In this study, men with isolated GnRH deficiency were 
utilized as a human disease model. They permit a unique 
investigative window into the timing and pace of puber-
tal development since their GnRH input can be experi-
mentally controlled and hence quantified. Their respons-
es to the initial exposure of 7 days of fixed doses of pul-
satile GnRH differed strikingly according to the degree 
of prior gonadal development. In subjects with no evi-
dence of prior puberty (Group I), FSH secretion predom-
inates in response to GnRH. In contrast, GnRH-deficient 
subjects with evidence of more advanced seminiferous 
tubule development (Group II), as mirrored by testicular 
size and I B  levels, exhibited predominant LH responsive-
ness and a significant increase in serum T. The pattern of 
response did not differ according to genotype with the 
exception of the 2 subjects harboring  DAX1  mutations. 
In these 2 subjects, the aberrant gonadotropin responses 
to GnRH ( fig. 2 ) were consistent with prior studies dem-
onstrating a pituitary defect in some patients carrying a 
 DAX1  mutation  [33, 34] .

  Several mechanisms have previously been proposed to 
explain this unique window of FSH predominant secre-
tion seen in early puberty followed by a subsequent de-
cline and rise in LH levels. First, gonadal steroids have 
been hypothesized to suppress the predominant FSH re-
sponse to exogenous GnRH administration seen in nor-
mal boys  [36] . This could explain some of the blunted 
FSH responses in men with some puberty, as there was a 
significant increase in serum T. E 2  levels remained below 
the assay sensitivity ( ! 20 pg/ml) in most subjects (data 
not shown). Hence a potential role of E 2  in determining 
their relative gonadotropin response to GnRH could not 
be determined but is not likely, given the low levels in-
volved. Thus, ambient sex steroid levels may account for 
some of the differences in gonadotrope secretion of FSH 
in response to GnRH.

  Alternatively, varying levels of endogenous GnRH se-
cretion were also candidates for influencing the relative 
gonadotropin responses. To this point, LH responses pre-
dominated in all 4 subjects with incomplete GnRH defi-
ciency (Group II) and detectable yet apulsatile LH secre-
tion. Further, no subjects in Group I with complete GnRH 
deficiency as evidenced by prepubertal testes and unde-
tectable LH secretion exhibited a predominant LH re-
sponse. Further, men in Group I with no testicular devel-
opment who received prior androgen exposure demon-
strated a significantly greater LH response during the 
first 7 days of treatment compared to T-naive men with 

prepubertal testes. This may suggest a role of androgens 
in neuronal plasticity. Cumulatively, these observations 
suggest that some prior gonadotropin and/or GnRH ex-
posure might be important in determining gonadotrope 
responsiveness. However, the GnRH input, which was 
experimentally controlled in this study, could not be the 
explanation.

  In addition, the longer half-life of FSH has been of-
fered as an explanation for the predominant FSH secre-
tion in early puberty  [37] . However, given the known half-
lives of FSH  [38] , steady-state concentrations of FSH 
should have occurred by the end of the first study day. 
Therefore, differences in hormone clearance cannot ac-
count for the observed differences in gonadotropin con-
centrations.

  In our cohort, the relative and absolute FSH responses 
to GnRH were most clearly related to the degree of prior 
gonadal development and secretion of I B  from the semi-
niferous tubules. I B  is a dimeric glycoprotein secreted 
from Sertoli cells in response to FSH stimulation  [39] . 
Others have previously demonstrated a ‘feed-forward’ re-
lationship between FSH and I B  during the earliest stages 
of pubertal development wherein FSH secretion drives I B  
secretion from the Sertoli cells  [40] . However, once the 
first wave of spermatogenesis has occurred, a negative 
feedback loop between I B  secretion and FSH is subse-
quently activated  [40–44]  that suppresses subsequent 
FSH release from the gonadotropes. Therefore, in our 
subjects with absent puberty, low I B  levels may be respon-
sible for the relatively unconstrained FSH responsiveness 
in Group I who reflect the earliest stages of pubertal de-
velopment. In contrast, after the first wave of spermato-
genesis had been established, as occurred in Group II 
with some evidence of prior gonadal activation (larger 
testicular size and normal serum I B ), the switch to a more 
traditional negative feedback relationship between I B  and 
FSH secretion would have been activated and be respon-
sible for their relatively suppressed FSH responsiveness. 
This interpretation is most consistent with the data here-
in. It is possible that other seminiferous tubule secretory 
factors like I B  may modulate the gonadotrope’s FSH re-
sponse to GnRH in these subjects.

  On the other hand, this explanation does not account 
for the LH differences observed between these groups. 
The initial LH responses to GnRH administration in 
both groups demonstrate that releasable LH clearly exists 
in the gonadotropes of almost all GnRH-deficient men, 
even in subjects with the most profound GnRH deficit as 
indicated by absent puberty, small testes, cryptorchidism, 
and microphallus. This finding is substantiated by the 
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