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 Results:  Hypothalamic hamartomas associated with CPP 
were more likely to contact the infundibulum or tuber cine-
reum and were larger than hamartomas not associated with 
CPP. GnRH, TGF � , and GnRHR were expressed by all hamar-
tomas studied. Expression of  KISS1 ,  GPR54 , and  GRM1A  did 
not differ significantly between hamartomas associated and 
not associated with CPP.  Conclusion:  Anatomic features 
rather than expression patterns of candidate molecules dis-
tinguish hypothalamic hamartomas that are associated with 
CPP from those that are not.  Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Central precocious puberty (CPP) is due to premature 
activation of the hypothalamic-pituitary-gonadal (HPG) 
axis and can be caused by a variety of pathological condi-
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 Abstract 

  Background/Aims:  Hypothalamic hamartomas are the most 
common identifiable cause of central precocious puberty 
(CPP). Hamartoma characteristics proposed to be associated 
with CPP include specific anatomic features and expression 
of molecules such as gonadotropin-releasing hormone 
(GnRH), transforming growth factor  �  (TGF � ), and  GRM1A , 
which encodes the type 1 metabotropic glutamate receptor 
 �  isoform. We sought to determine whether hamartomas 
that cause CPP could be distinguished by anatomic features, 
expression of these molecules, or expression of  KISS1 , whose 
products signal through the receptor GPR54 to stimulate 
GnRH release.  Methods:  Clinical records and radiologic im-
ages were reviewed for 18 patients who underwent hamar-
toma resection for intractable seizures; 7 had precocious pu-
berty. Resected tissue was examined for expression of GnRH, 
GnRH receptor (GnRHR), TGF � ,  KISS1 ,  GPR54 , and  GRM1A .
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tions, though most cases of CPP have no identifiable 
cause  [1] . Of the identifiable causes of CPP, the most com-
mon is a hypothalamic hamartoma: a non-tumorous, ec-
topic outgrowth of tissue from the base of the hypothala-
mus that can also cause seizures and developmental delay 
 [2] . Hypothalamic hamartomas have been hypothesized 
to cause CPP by stimulating the HPG axis inappropri-
ately early through synaptic and/or non-synaptic mecha-
nisms, or by blocking the effects of pathways that nor-
mally inhibit the HPG axis in childhood  [1, 3] .

  Several case reports have described the expression of 
stimulatory factors by hypothalamic hamartomas. For 
example, the master reproductive hormone gonadotro-
pin-releasing hormone (GnRH) has been shown in sev-
eral studies to be expressed in hamartomas resected from 
children with CPP (n = 8)  [4–9] . Furthermore, Valdueza 
et al.  [10]  observed that hamartomas from three patients 
who had seizures but not CPP did not express GnRH. 
However, not all hamartoma samples from patients with 
CPP have been shown to express GnRH. Hamartomas 
from three patients with CPP were found not to express 
GnRH in two case reports  [8, 11] . In addition, Jung et al. 
 [12]  did not detect GnRH expression in hamartomas 
from two children with CPP, but instead observed ex-
pression of transforming growth factor  �  (TGF � ), which 
can stimulate release of GnRH  [13, 14] . These findings 
support the hypothesis that hypothalamic hamartomas 
may cause precocious puberty by secreting molecules 
that stimulate the HPG axis, but suggest that different 
factors are responsible in different cases.

  The gene  KISS1  has recently been found to encode 
peptides (collectively called kisspeptins) that are potent 
stimulators of GnRH release  [15] . Signaling of kisspeptins 
through the G-protein-coupled receptor GPR54 (also 
called KISS1R) is required for normal puberty  [16] . Fur-
thermore, a gain-of-function mutation in  GPR54  was 
identified in a girl with CPP  [17] . These findings led us to 
examine whether the kisspeptin/GPR54 pathway is in-
volved in the pathogenesis of CPP in patients with hypo-
thalamic hamartomas.

  A study by Parent and Matagne et al.  [18]  compared 
the gene expression profile of a hamartoma associated 
with CPP with those of three hamartomas from patients 
who did not have CPP. They identified several genes ex-
pressed at higher levels in the hamartoma associated with 
CPP, and of these genes one was also found to increase 
across puberty in the female monkey:  GRM1A , which en-
codes the  �  isoform of the metabotropic glutamate recep-
tor 1 (mGluR1 � )  [18] .

  We have analyzed radiologic characteristics and ex-
amined the expression of  KISS1 , GnRH, TGF � , and 
 GRM1A  in a sample of 18 hypothalamic hamartomas re-
sected from patients with and without a history of CPP, 
the largest expression study of hamartoma samples re-
ported to date. We further examined the expression of 
the GnRH receptor (GnRHR) and  GPR54  to determine 
whether signaling by GnRH or kisspeptin within hypo-
thalamic hamartomas might have a role in causing 
CPP.

  Materials and Methods 

 Patients 
 Patients underwent resection of hypothalamic hamartomas at 

the Barrow Neurological Institute of St. Joseph’s Hospital and 
Medical Center due to intractable seizures  [19, 20] . Patients were 
considered to have CPP if medical records noted sexual develop-
ment and elevated gonadotropin levels before 8 (girls) or 9 (boys) 
years of age. Patients considered not to have CPP were at least 8 
(girls) or 9 (boys) years old and had no history of CPP. All patients 
had medically refractory epilepsy, half had mental retardation, 
and patient HH2013 had features of oro-facial-digital syndrome 
type II (Online Mendelian Inheritance in Man 252100). All stud-
ies were approved by the Institutional Review Board of the Barrow 
Neurological Institute, informed consent was obtained for all 
subjects, and a waiver for use of de-identified tissue was granted 
by the Institutional Review Board of Massachusetts General Hos-
pital.

  Radiologic Characterization 
 All magnetic resonance imaging was evaluated by a neurora-

diologist (E.C.P.) who was blind to the diagnosis of CPP. Hamar-
tomas were typed using the classification of Delalande and Fohlen 
 [21] , with a type 4 (‘giant’) hamartoma defined as having a volume 
 1 8 cm 3 . Volumes of hypothalamic hamartomas were determined 
by summing manually measured areas, multiplied by slice thick-
ness, on sequential, contiguous, coronal T 2 -weighted images us-
ing Voxar 3D imaging software (DR Systems)  [20] . Maximal di-
ameter was the largest of the three diameters measured in each 
orthogonal plane (X-Y-Z). Hamartomas were also scored for the 
presence or absence of contact with the tuber cinereum and/or 
infundibulum, and whether the site of attachment to the hypo-
thalamus was unilateral or bilateral.

  Sample Collection and Preparation 
 After surgical resection, pieces of hamartoma tissue were im-

mediately immersed in RNAlater (Applied Biosystems) and fro-
zen for expression profiling, or fixed in 10% formalin overnight, 
embedded in paraffin, and sectioned at 5  � m. Due to limited tis-
sue quantity, not all hamartomas were used for all analyses.

  Immunohistochemistry 
 Immunostaining was performed using a Ventana Bench-

mark XT automated immunostainer (Ventana Medical Systems, 
Tucson, Ariz., USA) per the manufacturer’s protocol with pro-
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prietary reagents. Ventana antigen retrieval was performed for 
all sections. Each section was stained with a single primary an-
tibody and counterstained with hematoxylin. Primary antibod-
ies used were polyclonal GnRH (1:   500; Abcam); GnRHR (clone 
A9E4) mouse monoclonal antibody (1:   50, Cell Sciences); and 
TGF �  rabbit polyclonal antibody (RB-9241, Lab Vision Corp.). 
To confirm the TGF �  staining pattern, the TGF �  mouse mono-
clonal antibody Ab-1 (Clone MF9, Lab Vision Corp.) was used 
on the same cohort. Sections were exposed to biocytin-labeled 
secondary antibodies (anti-rabbit IgG or anti-mouse IgG; 1:   200) 
and the reaction product was visualized with standard diami-
nobenzidine protocols (Vector Laboratories). Negative control 
groups included tissue that did not express the antigen and an-
tigen-positive sections that were processed without primary an-
tibodies. No significant labeling was detected under the negative 
control conditions. Cell types were readily distinguishable by 
their morphology  [22] , and neurons  1 20  � m in diameter were 
classified as ‘large’.

  Reverse Transcription and Quantitative Real-Time 
Polymerase Chain Reaction 
 Total RNA was extracted from 2–25 mg of frozen hamartoma 

tissue using the RNeasy Lipid kit (Qiagen), and first-strand cDNA 
synthesis was performed with an oligo-dT primer using the Su-
perScript �  III First-Strand Synthesis System (Invitrogen). Total 
human hypothalamic RNA (Ambion) was used as a positive con-
trol. Quantitative real-time PCR was performed using the Taq-
Man PCR Master Mix (Applied Biosystems) with primers at 400 
n M  final concentration; primer sequences are listed in online sup-
plementary table 1 (www.karger.com/doi/10.1159/000308162). Re-
actions were run on an Mx4000 Quantitative PCR System (Strat-
agene) with 40–50 cycles of denaturation at 94   °   C for 30 s and 
annealing and elongation at 58   °   C for 1 min, and the cycle thresh-
old (C t ) was determined using the accompanying software. Am-
plification of  KISS1 ,  GPR54 ,  GRM1  (using a probe specific for the 
 �  isoform), and  GAPDH  was performed in triplicate. Quantitative 
RT-PCR performed on reactions from which reverse transcrip-
tase was omitted did not produce a detectable signal (not shown). 
To determine relative expression of these genes, control cDNA 
was serially diluted and used to produce standard curves, which 
were used to convert average C t ’s from hamartoma samples to a 
fold difference in mRNA abundance relative to the control RNA 
sample; these differences were in turn normalized to the fold dif-
ference for  GAPDH  relative to control.

  Statistics 
 Fisher’s two-tailed exact test was used to compare presence or 

absence of attachment to the tuber cinereum/infundibulum, bi-
lateral attachment, and expression of  KISS1  and  GPR54  between 
hypothalamic hamartomas associated and not associated with 
CPP. Two-tailed t tests were used to compare numerical radio-
logic parameters and  GRM1A  expression levels. Hamartoma vol-
umes and diameters and  GRM1A  mRNA expression levels were 
log transformed for analysis, as these did not exhibit normal dis-
tributions by the kurtosis/skew normality test. Linear and rank-
order correlation analyses were used to compare age of puberty 
onset with hamartoma volume. Statistics were calculated using 
GraphPad Prism 4 for Windows.

  Results 

 Clinical and Radiologic Characteristics 
 Characteristics of patients from whom hypothalamic 

hamartoma tissue was resected are summarized in  ta-
ble 1 . In this cohort of patients with refractory epilepsy, 
all types of hamartomas (using the classification of Dela-
lande and Fohlen  [21] ) were found in patients both with 
and without a history of CPP. All 7 hamartomas in pa-
tients with CPP were found to contact the tuber cinereum 
and/or infundibulum ( fig. 1 ;  table 1 ), hypothalamic re-
gions that contain axonal projections from endogenous 
GnRH neurons. In contrast, only 2 of 11 hamartomas in 
patients without CPP contacted these structures (p = 
0.002).

  Hypothalamic hamartomas associated with CPP had 
significantly larger volumes (geometric mean 6.6 cm 3 , 
95% confidence interval [CI] 2.7–15.9 cm 3 ) than those not 
associated with CPP (geometric mean 1.1 cm 3 , 95% CI 
0.5–2.2 cm 3 , p = 0.002). They also had significantly larg-
er maximal diameters (geometric mean [95% CI] 20.2 
mm [14.8–27.6] in CPP group, 11.7 [8.9–15.3] in no CPP 
group, p = 0.008). Hamartomas associated with CPP were 
more likely to have bilateral attachment to the hypothal-
amus (p = 0.01); differences in the size of the base of at-
tachment were not statistically significant (mean  8  SEM 
1.26  8  0.25 vs. 0.74  8  0.13 mm 2 , p = 0.1). There was no 
correlation between hamartoma volume and age at diag-
nosis of precocious puberty (p  6  0.86 by linear and rank-
order correlation analyses).

  Expression of GnRH 
 GnRH expression was detected in all hypothalamic 

hamartomas, both those associated and those not associ-
ated with CPP (n = 13;  table 2 ). Moderate immunostain-
ing was present in a predominantly nuclear pattern in 
 � 50% of small neurons ( ! 20  � m diameter) and  � 70%
of large neurons ( fig. 2 a); large neurons also exhibited 
staining in cell bodies. Weak glial staining was observed 
in two samples (data not shown). The neuropil also 
showed weak to moderate immunoreactivity in all
cases.

  Expression of TGF �  
 TGF �  expression was also observed in all hypotha-

lamic hamartomas studied (n = 14;  table 2 ). About half 
of neurons, both large and small, exhibited immunore-
activity primarily in cell bodies ( fig. 2 b). Nearly all glial 
cells exhibited strong immunoreactivity in both cell-
body and nuclear patterns. The neuropil exhibited little 
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to no staining. Because the nuclear staining pattern was 
unexpected, immunostaining was repeated and con-
firmed with a second antibody against TGF �  (data not 
shown).

  Expression of the GnRH Receptor 
 Like GnRH and TGF � , the GnRH receptor was ex-

pressed in all hypothalamic hamartoma tissues studied 
(n = 13;  table 2 ;  fig. 2 c), largely in the cell bodies of both 
large and small neurons. No staining was seen in glial 
cells, and moderate neuropil or background staining was 
present in all samples.

  Expression of KISS1 and GPR54 
 Due to the lack of availability of antibodies against 

human kisspeptin, we examined expression of  KISS1  by 
reverse transcription-polymerase chain reaction (RT-
PCR). Quantitative RT-PCR of cDNA prepared from 

hamartoma tissue revealed expression of  KISS1  mRNA 
in 1 of 7 samples from children with CPP and 1 of 11 
samples from patients with no history of CPP ( table 2 ;
p = 1 by Fisher’s exact test). We also examined expres-
sion of  GPR54  in hypothalamic hamartomas using RT-
PCR. Like  KISS1 ,  GPR54  message was detectable in only 
some hamartomas and was seen in hamartomas that 
were both associated and not associated with CPP ( ta-
ble 2 ; p = 0.32).

  Expression of GRM1A 
 We examined  GRM1A  expression in our cohort by 

quantitative RT-PCR.  GRM1A  levels were higher in the 
CPP group, but this difference was not statistically sig-
nificant ( table 2 ; geometric mean [95% CI] of expression 
relative to control 0.61 [0.13–2.90] in CPP group, 0.19 
[0.08–0.45] in no CPP group, p = 0.1).

Table 1. Clinical and radiologic characteristics

Patient Sex Age at
surgery
years

Age at
puberty
years

Type Attachment to
tuber cinereum/
infundibulum

Maximal
diameter
mm

Area of
attachment
base, mm2

Volume
cm3

Site of 
attach-
ment

CPP
2092 M 1.1 0.8 3 + 18.0 1.30 4.49 L
2027 M 2.5 2.0 3 + 16.6 0.95 3.91 B
2017 M 4.8 3.2 1 + 13.8 0.27 2.46 R
2021 M 11.3 1.0 2 + 14.9 1.36 2.56 B
2008 M 13.8 6.5 4 + 30.6 1.84 15.70 B
2079 F 11.6 0.6 4 + 30.9 2.28 28.28 B
2062 F 19.3 6.0 4 + 23.9 0.84 11.19 B

No CPP
2094 M 9.5 N/A 2 – 8.4 0.30 0.38 L
2077 M 11.2 13a 2 – 7.7 0.48 0.38 R
2088 M 12.8 12a 2 – 7.4 0.36 0.31 L
2065 M 13.3 N/A 2 – 13.8 1.03 1.75 R
2081 M 13.8 15a 2 – 14.4 1.15 1.70 L
2051 F 9.2 9b 2 – 9.5 0.54 0.56 R
2050 F 10.5 12c 2 – 9.1 0.46 0.45 L
2080 F 11.8 N/A 1 + 19.6 1.40 5.00 L
2015 F 13.3 N/A 1 – 9.5 0.17 0.64 R
2025 F 17.4 12c 3 – 14.1 1.20 2.02 R
2013 F 19.5 14c 4 + 25.4 1.04 8.15 B

CPP = Central precocious puberty; N/A = not available; L = left; R = right; B = bilateral. Hamartoma type is 
according to the classification of Delalande and Fohlen [21]: type 1, subhypothalamic; type 2, intraventricular; 
type 3, both subhypothalamic and intraventricular; type 4, ‘giant’ hamartoma, here defined as volume
>8 cm3.

a Voice change. b Breast development. c Menarche.
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  Discussion 

 To our knowledge this is the largest series of hypotha-
lamic hamartomas studied for expression of potential 
stimulatory factors that may contribute to the pathogen-
esis of CPP, namely, GnRH, GnRHR, TGF � , and  KISS1 , 

 GPR54 , and  GRM1A . Our principal findings are: (1) as-
sociation of CPP with larger hamartoma size and contact 
with critical hypothalamic structures (the infundibulum 
and tuber cinereum), consistent with previous studies of 
patients with hypothalamic hamartomas and seizures 
 [23, 24] ; (2) expression of GnRH and TGF �  in all hamar-

* *

ba

  Fig. 1.  Radiologic features.  a ,  b  Axial im-
ages from patient HH2017 ( a ), who had a 
history of CPP, and patient HH2015 ( b ), 
who did not have a history of CPP. Both 
images are T 2 -weighted fast spin-echo 
(TR/TE 4900/85 and 3600/72, respective-
ly) with 2 mm slice thickness and 2 mm 
spacing. Asterisks mark hypothalamic 
hamartomas (medium intensity), each ar-
row marks the infundibulum (low to me-
dium signal intensity and annular shape, 
with the central, fluid-filled infundibular 
recess showing high signal intensity), and 
arrowheads in  b  mark a line of high signal 
intensity indicating fluid between the hy-
pothalamic hamartoma and the infundib-
ulum.  c  Hamartoma volumes. Bars indi-
cate geometric means.  d  Contact with the 
tuber cinereum and/or infundibulum 
(median eminence). 

GnRH TGF� GnRHR 50 μm

*

*

a b c

  Fig. 2.  Representative immunostaining of hypothalamic hamartoma tissue for  a  GnRH staining in HH2021,
 b  TGF �  staining in HH2025, and  c  GnRHR staining in HH2092. Arrowheads = examples of immunoposi-
tive neurons; arrow = immunopositive neuronal fiber; asterisks = immunopositive glia. 
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tomas analyzed, regardless of the patient’s history of CPP; 
and (3) limited expression of  KISS1  and  GPR54  that also 
did not correlate with CPP.

  Our results confirm and extend the findings in a re-
cent study by Parent and Matagne et al.  [18]  of five hypo-
thalamic hamartomas, two from patients with CPP. Ex-
pression of  GNRH1  and  TGFA  was seen in all five ham-
artomas,  KISS1  expression in none, and  GPR54  expression 
in one of the two hamartomas associated with CPP and 
two of the three hamartomas not associated with CPP. 
Our collective results indicate that, despite their potent 
stimulatory properties, expression of GnRH, TGF � , or 
kisspeptin alone is not sufficient for a hypothalamic 
hamartoma to cause CPP. Indeed, the limited expression 
of  KISS1  and  GPR54  in our series suggests that kisspeptin 
signaling is unlikely to contribute to the pathogenesis of 
CPP in most cases.

  Rather, we found that anatomic features better distin-
guished hamartomas that were associated with CPP from 
those that were not. Both larger size and contact with the 
infundibulum/tuber cinereum were associated with CPP 
in our series. However, large hamartoma size does not ap-
pear to be a prerequisite for causing CPP, as other series 
have reported small hypothalamic hamartomas in pa-
tients with CPP. In particular, Debeneix et al.  [25]  found 
that patients with CPP without seizures (a population not 
studied in our cohort) had smaller hamartomas than pa-
tients with seizures, whether with or without CPP. To-
gether, these findings suggest that a hamartoma’s ana-
tomic contacts may determine whether it causes CPP, and 
in patients with seizures larger hamartomas are more 
likely to have these critical contacts.

  We identified two large hamartomas that contacted 
the infundibulum yet were not associated with CPP. At 
least one of these hamartomas expressed both GnRH and 
TGF �  (the other had no fixed tissue available for analy-
sis). Freeman et al.  [24]  also reported examples of hamar-
tomas contacting the infundibulum that were not associ-
ated with precocious puberty. It is possible that these 
hamartomas lacked functional connections with target 
tissues despite their anatomic proximity. Alternatively, 
the hamartoma may have impaired the function of the 
HPG axis, secreting stimulatory factors yet blocking their 
downstream effects; notably, however, one of the patients 
had puberty at a normal age prior to surgery. Further 
study of hamartomas that contact the infundibulum yet 
are not associated with CPP will refine our understand-
ing of how hypothalamic hamartomas cause CPP.

  The report by Parent and Matagne et al.  [18]  featured 
microarray analysis to compare gene expression profiles 

between a hamartoma associated with CPP and three 
hamartomas not associated with CPP. Of the genes ex-
pressed at a higher level in the hypothalamic hamartoma 
associated with precocious puberty,  GRM1A  also exhib-
ited increasing levels of expression in female rhesus ma-
caques across puberty. In contrast, we did not observe a 
significant difference in mean  GRM1A  levels between 
hamartomas from patients with and without a history of 
CPP. However, two hamartomas associated with CPP in 
our series (HH2017 and HH2079) had  GRM1A  levels 
higher than the 95% CI of hamartomas not associated 
with CPP ( table 2 ). Thus, elevated  GRM1A  expression 
may play a role in the pathogenesis of CPP in a subset of 
hamartomas. An alternative possibility suggested by Par-
ent and Matagne et al.  [18]  is that expression of  GRM1A  
may have been transiently elevated in some hamartomas 
and was no longer elevated at the time of resection. Tech-

Table 2. Expression patterns in hypothalamic hamartomas

Patient Sex GnRH TGF� GnRHR KISS1 GPR54 GRM1A

CPP
2092 M + + + – 0.34 ND
2027 M + + + – – ND
2017 M + + + – – 1.50
2021 M + + + 0.05 – 0.28
2008 M + + + – – 0.48
2079 F + + + – – 3.08
2062 F + + + – – 0.14

No CPP
2094 M + + + – 0.87 0.59
2077 M ND ND ND – 1.90 0.78
2088 M + + + – 0.01 ND
2065 M ND ND ND – 0.03 0.39
2081 M + + + – 0.15 0.05
2051 F ND ND ND 0.31 – 0.11
2050 F ND ND ND – – 0.04
2080 F + + + – – 0.69
2015 F + + + – – 0.50
2025 F + + + – – 0.06
2013 F ND ND ND – – 0.08

Control 1 1 1

Expression of GnRH, TGF�, and GnRHR was assessed by im-
munohistochemistry; expression of KISS1, GPR54, and GRM1A 
was assessed by quantitative RT-PCR. Expression levels of mRNA 
were calculated relative to GAPDH and normalized to control 
cDNA synthesized from total RNA from human male hypothala-
mus (Ambion). CPP = Central precocious puberty; + = expression 
present; ND = not determined; – = no amplification.
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nically, it is also possible that normal tissue may have 
been present in some hamartoma samples, resulting in 
inaccurate measurement of  GRM1A  expression. Further 
examination of  GRM1A  expression in hypothalamic 
hamartomas will help to elucidate its role in the patho-
genesis of CPP.

  As stated earlier, hypothalamic hamartomas have 
been hypothesized to cause CPP by stimulating the HPG 
axis or by interfering with inhibitory pathways that re-
strain the HPG axis in childhood. While our study fo-
cused on stimulatory factors, our results do not exclude 
the latter possibility. Indeed, patients have been described 
to develop CPP after resection of their hypothalamic 
hamartomas, even when the resection appeared to be 
complete [e.g.,  18 ]. The emergence of CPP after surgery 
could be due to surgical disruption of inhibitory path-
ways. Alternatively, posttraumatic activation of glial cells 
could lead to production of stimulatory factors such as 
TGF �   [14] .

  In summary, we have used a unique collection of hy-
pothalamic hamartoma tissue to examine expression of 
molecules that activate the reproductive endocrine axis. 
Contrary to our initial hypothesis that these molecules 
would be expressed exclusively in hamartomas associat-
ed with CPP, we found no correlation between CPP and 
expression of these molecules. Instead, we found signifi-
cant correlation between anatomic features of the ham-
artomas and CPP. As we enter the era of gene-expression 

profiling for the prognosis and treatment of tumors  [26] , 
our results serve as a reminder that anatomic and func-
tional characteristics remain important determinants of 
the clinical consequences of masses, particularly in the 
brain. Based on histopathological  [22] , ultrastructural 
 [27] , electrophysiological  [19, 28] , and now endocrine 
characterization of hypothalamic hamartomas resected 
at the Barrow Neurological Institute, we believe that the 
clinical consequences of these lesions are not simply due 
to mass effects. Rather, hypothalamic hamartomas are 
intrinsically active masses, with their effects determined 
by functional connections with critical brain regions: the 
tuber cinereum/infundibulum to cause precocious pu-
berty and other regions, possibly the mammillary bodies 
 [24] , to cause seizures.
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