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Context: Germline mutations of the AIP (aryl-hydrocarbon receptor interacting protein) gene are
associated with a predisposition to pituitary adenomas. Such mutations are found in about half of
patients with familial acromegaly, but penetrance is incomplete.

Objective: We studied the prevalence of germline AIP mutations in a large cohort of patients with
apparently sporadic pituitary adenomas.

Patients and Setting: A total of 443 patients with pituitary adenomas of all histotypes, who had
no familial history of pituitary adenomas or multiple endocrine neoplasia and who were examined
at Bicêtre University Hospital, a tertiary referral center, between 2007 and 2010, were enrolled in
this prospective study.

Methods: The entire coding sequence of the AIP gene was screened for germline mutations. A
subgroup of patients were screened for large deletions or duplications of the AIP and MEN1 genes
by multiplex ligation-dependent probe amplification.

Results: AIP mutations were detected in 16 (3.6%) of the 443 patients, comprising six of 148 patients
with acromegaly (4.1%), six of 132 patients with prolactinomas (4.5%), one of 113 patients with
nonfunctioning adenomas (0.9%), three of 44 patients with corticotropic adenomas (6.8%), and
none of the six patients with thyrotropic adenomas. This is the first report of an AIP mutation
leading to a truncated protein in a patient with Cushing’s disease. Patients with AIP mutation were
younger at diagnosis (24.1 vs. 42.8 yr) and had predominantly macroadenoma (12 of 16). No
mutations were found in patients diagnosed after age 40 yr, whereas the prevalence before this
age was 7.2% (16 of 222). Studies of seven of the AIP-mutated patients’ families showed that one
asymptomatic parent carried the same mutation in each case.

Conclusion: This large prospective cohort study confirms the very low prevalence of germline AIP
mutations in patients with apparently sporadic pituitary adenomas. We propose to limit AIP testing
to patients diagnosed before age 40 yr with apparently sporadic large pituitary adenomas, espe-
cially GH- or PRL-secreting adenomas. (J Clin Endocrinol Metab 97: E663–E670, 2012)
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Germline mutations in the aryl-hydrocarbon recep-
tor (AhR) interacting protein (AIP) gene predis-

pose carriers to pituitary adenomas (1). Between 15 and
20% of patients with familial isolated pituitary ade-
noma (FIPA) have heterozygous inactivating mutations
of AIP (2, 3). The prevalence rises to 40 to 50% in
families with familial acromegaly and families with pro-
lactinomas or somatotropinomas (2– 4). Only two AIP-
mutated FIPA families with no cases of acromegaly
among their members have been reported so far (2, 3),
but both included a member with prolactinoma. The
low penetrance of the disease (1) has led to studies of
AIP mutation in patients with sporadic pituitary ade-
nomas. A prevalence of AIP mutation of 3 to 5% has
been observed in patients with acromegaly, with a
higher rate in younger patients (4 –11). The prevalence
seems to be much lower (�1%) in other types of spo-
radic adenoma (4, 8, 11, 12), but the number of patients
tested is somewhat limited.

AIP is a 330-amino acid protein comprising an N-
terminal nuclear factor-�B domain and a C-terminal
domain with three tetratricopeptide repeat (TPR) re-
gions responsible for protein-protein interactions; the
last five amino acids are required for AhR binding (13)
(Fig. 1). Analysis of tumoral DNA has shown a loss of
heterozygosity, suggesting that the AIP gene, located at
11q13, may act as a tumor suppressor gene (1). AIP
mutations reported to date are mainly nonsense, mis-
sense, deletion/insertion, splice site mutations, but few
large deletions and a promoter mutation have also been
described (3, 4, 6, 14).

To estimate the prevalence of AIP mutation in sporadic
pituitary adenomas, we performed a large prospective
study of patients who underwent thorough clinical, hor-
monal, andmorphological studies atBicêtreHospital. AIP
gene sequencing was performed in all the patients, and a
subgroup of patients who were younger and/or who were
diagnosed with larger pituitary adenomas were screened
for large deletions.

Patients and Methods

Patients
To estimate the prevalence of AIP mutations in the different

subtypes of sporadic pituitary adenomas, 443 consecutive patients
of all ages were enrolled in a prospective cohort at Bicêtre Hospital
between June 2007 and September 2010. The personal and familial
histories were carefully and systematically asked for in all patients.
None of the patients had a personal or familial history suggestive of
multiple endocrine neoplasia type 1, Carney complex, FIPA, or
McCune-Albright syndrome. Sex, age, age at diagnosis, the size of
the adenoma on magnetic resonance imaging (MRI), and patho-
logical findings at the time of diagnosis were collected for all the
patients. The adenomas were divided into microadenomas (larger
diameter �10 mm), macroadenomas (larger diameter between 10
and 29 mm), and “giant” adenomas (larger diameter �30 mm). All
the patients gave their written informed consent, and the study was
approved by the local ethics committee.

Genetic testing
Genomic DNA was extracted from white blood cells. The

entireAIP coding region (exons1 to6)and intron-exon junctions
were amplified and sequenced with primers described in Sup-
plemental Table 1 (published on The Endocrine Society’s Jour-
nals Online web site at http://jcem.endojournals.org). PCR and
sequencing products were purified on a Biomek NXP-96 Labo-
ratory Automation Workstation (Beckman Coulter, Villepinte,
France) with Agencourt Ampure XP and Agencourt Cleanseq
(Beckman Coulter Genomics, Danvers, MA). Sequencing prod-
ucts were analyzed with an automated capillary sequencer (ABI
PRISM 3130xl Genetic Analyzer; Applied Biosystems, Foster
City, CA). Electropherogram-derived sequences were compared
with NCBI references for the AIP gene (NG_008969.1 RefSeq-
Gene and NM_003977.2 transcript). All genetic abnormalities
were confirmed by a second analysis.

Sequencing of AIP was made in a control population of 360
French controls, the 270 controls previously published (5) and 90
new controls, to verify the presence of the missense variants found
forthefirst timeinthisstudy.Thepresenceofthesevariantswasalso
searched for in single nucleotide polymorphism (SNP) database
build 135 (October 12, 2011) including SNP with a very low fre-
quency inferior to 1/1000 (https://esp.gs.washington.edu/drupal/).
When missense mutations were not found in controls, they were
designated as variants of unknown significance (VUS).

A subgroup of patients (those who were younger than 40, those
with a giant adenoma, and in whom sequencing did not find AIP

mutation)were screened for largedeletionsor
duplication of the AIP and MEN1 genes by
multiplex ligation-dependent probe amplifi-
cation (MLPA), using the SALSA MLPA kit
P244 (MRC Holland, Amsterdam, The
Netherlands).

When an AIP mutation was found in a
patient, geneticanalysiswasproposed to fam-
ily members. In France, family members need
to be contacted for this proposal of genetic
testing exclusively by the propositus himself.

In silico analysis of original AIP variants
was performed with Alamut Mutation In-
terpretation software (Interactive Biosoft-
ware, Rouen, France).
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FIG. 1. The AIP protein. HSP, Heat shock protein; DCR, distal C-terminal region. The locations
of the 14 AIP mutations are indicated by arrows.
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Statistical analysis
The Mann-Whitney test and the �2 test were used for statis-

tical analysis. Data are shown with the SD. P values below 0.05
were considered to denote statistical significance.

Results

The whole cohort
The characteristics of the whole cohort are given in

Table 1. This cohort is characterized by a grossly similar
prevalence of patients with acromegaly, prolactinomas,
and nonfunctioning/gonadotropic adenomas (NFPA) and
a lower prevalence of patients with Cushing’s disease. In
acromegaly and in NFPA, a male predominance was
noted, contrasting with the sex ratio in favor of the women
in prolactinomas and Cushing’s disease. Except for
ACTH-secreting adenomas, macroadenomas were largely
predominant. One peculiar feature of this series is the quite
unusual high frequency of macroprolactinomas compared
with microprolactinomas. Nineteen patients with acro-
megaly (five female, 14 male), 20 patients with pure pro-
lactinomas (four female, 16 male), two patients with
Cushing’s disease (both male), 38 patients with NFPA (14
female, 24 male), and one patient with TSH-secreting ad-
enomas (a female) had a giant adenoma.

The pediatric cohort is described in more detail. Thirty
patients were diagnosed in childhood (before age 18 yr).
Seven children (23%; two girls and five boys) had acro-
megalogigantism; all had macroadenomas, which were
purely GH-secreting in four boys and mixed (GH- and
prolactin-secreting) in two girls and one boy. Seventeen
children had pure prolactin-secreting adenomas, includ-
ing 12 girls with a microprolactinoma (n � 7) or macrop-
rolactinoma (n � 5), and five boys, all with macropro-
lactinomas. Five patients (three girls and two boys) had
Cushing’s disease, related to a microadenoma in three
cases and to a macroadenoma in one case. One boy had a
nonfunctioning pituitary macroadenoma. Boys had sig-

nificantly larger tumors than girls (25.8 � 4.7 vs. 13.5 �

2.1 mm; P � 0.05).

Patients with AIP mutation
Among the 443 patients with sporadic pituitary ade-

nomas, 16 patients had germline AIP mutations (3.6%)
(Table 2). None of these 16 patients was diagnosed after
age 40 yr. The prevalence of AIP mutation was 7.2% (16
of 222) in patients diagnosed before age 40 yr. Six of the
16 patients with AIP mutation had acromegaly (preva-
lence, 4.1%); of these, three had pure GH-secreting
(2.5%) adenomas, and three had mixed GH/prolactin-
secreting adenomas (10.7%); six patients had prolactino-
mas (4.6%), three had Cushing’s disease (6.8%), and one
had a gonadotroph adenoma (0.9%). Patients with AIP
mutations were younger at diagnosis than patients with-
out AIP mutations (23.6 � 2.2 vs. 43.6 � 0.8 yr; P �

0.0001), and the former patients generally had macroad-
enomas (n � 11) or giant adenomas (n � 2), microadeno-
mas being much rarer (Cushing’s disease, n � 2; and mi-
croprolactinoma, n � 1).

Among patients with acromegaly, patients with AIP
mutations (AIP�) were younger than patients without
AIP mutations (AIP�) (23.5 � 4.2 vs. 40.9 � 1.2 yr; P �

0.01). All the patients with acromegaly and AIP mutations
were male. Disease onset occurred at a young age in these
AIP� patients, as shown by the prevalence of gigantism
(five of the six patients, 83%). Gigantism was only ob-
served in 13 (9%) of the 142 AIP� patients (seven men
with pure GH adenomas, four men and two women with
mixed GH- and PRL-secreting tumors).

Five of the six AIP� patients with prolactinomas were
female. The six patients were significantly younger at di-
agnosis than AIP� patients (21.2 � 2.5 vs. 30.9 � 1.6 yr;
P � 0.05). Adenoma size was similar to that of AIP�

patients. Owing to the early onset of the disease, three of
the six AIP� patients with prolactinomas had primary
amenorrhea or impuberism (50%).

TABLE 1. Clinical characteristics of the 443 patients of the prospective cohort

Type of adenoma

Whole cohort

n (%) Sex (F/M) Age at diagnosis (yr) Micro/macro
All histotypes 443 225/218 42.8 � 17.2 (4–87; 40) 81/362
Acromegaly 148 (33) 58/90 40.2 � 14.4 (4–75; 39) 26/122

Pure GH-secreting 120 (27) 49/71 42.4 � 14.1 (15–75; 41) 26/94
Mixed GH/PRL-secreting 28 (6) 9/19 34.3 � 12.7 (4–66; 35) 0/28

Pure PRL-secreting 132 (30) 84/48 34.6 � 15.9 (14–78; 30) 40/92
ACTH-secreting 44 (10) 30/14 40.8 � 14.9 (14–73; 41) 29/15
NF and gonadotropic 113 (25) 50/63 56.4 � 15.0 (28–87; 59) 1/112
TSH-secreting 6 (1) 3/3 42.7 � 17.2 (22–68; 40) 1/5

Age at diagnosis is expressed as mean � SD (range; median). F, Females; M, males; micro, microadenoma; macro, macroadenoma; NF,
nonfunctioning.
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Among the 44 patients with Cushing’s disease, three
patients (two with microadenomas and one with a mac-
roadenoma) were found to carry an AIP mutation, includ-
ing a boy (patient no. 3) diagnosed at age 14 yr, the young-
est patient in our series.

Large deletions were searched by MLPA in 91 patients
negative for AIP mutation by direct sequencing. Forty-
four patients with acromegaly (33 with pure GH-secreting
adenomas and 11 with mixed PRL/GH-secreting adeno-
mas), either because they were younger than 40 (n � 34)
or because they had a giant adenoma (n � 10); 32 patients
with a prolactinoma (10 pediatric cases, 15 patients younger
than 30 with a macroadenoma, and seven patients between
ages 30 and 40 with a giant adenoma); 10 patients with
Cushing’s disease (four pediatric cases and six adults with a
macroadenoma); and four patients with NFPA (one with a
macroadenomadiagnosedat theageof25andthreeyounger
than 40 having giant adenoma) were studied. In all of these
patients, no large deletion was found.

AIP mutations detected in the cohort
The 16 AIP� patients had 14 different mutations, con-

sisting of two nonsense mutations, two frameshifts leading
to a premature stop codon, one splice site mutation (two
patients), one in-frame duplication, and eight missense
mutations (one shared by two patients) (Table 2).

Six of the mutations have already been described, namely
c.47 G�A (p.Arg16His) (2–5, 8), c.469-2 A�G (splicing
site) (5), c.910 C�T (p.Arg304X) (1–3, 5, 10), c.911 G�A
(p.Arg304Gln) (3–5, 8), c.350delG (p.Gly117Ala.fsX39)
(15), and c.174G�C (p.Lys58Asn) (15).

We report eight original mutations. Two of them are
predicted to lead to a truncated protein, namely the non-

sense mutation, c.783 C�G (p.Tyr261X), and a frame-
shift leading to a premature stop codon, c.752delT
(p.Leu251Arg.fsX52). There was one in-frame duplica-
tion: c.805-825dup (p.Phe269_His275dup). Three of the
five novel missense mutations affect the C-terminal part
of the protein (c.974G�A p.Arg325Gln, c.872T�A
p.Val291Glu, and c.563G�A p.Arg188Gln). The
c.509T�C p.Met170Thr mutation is located between the
FK506 binding protein (FKBP) homology domain and
the TPR domains. The last missense mutation (c.26G�A
p.Arg9Gln) is in the N-terminal part of the protein.

The c.752delT (p.Leu251Arg.fsX52) mutation is the
first observed mutation leading to a truncated protein in a
patient with Cushing’s disease (Fig. 2). The patient (no.
10) was diagnosed at age 25 yr; MRI showed a macroad-
enoma (8 � 10 mm) (Fig. 2B). There was no relevant
familial history. Surgery allowed the removal of a corti-
cotroph adenoma with a very high proliferation index
(Ki67, 17%) but no p53 immunostaining (Fig. 2C). No
loss of heterozygosity was found in the tumor, because
both normal and mutated alleles were detected by direct
sequencing of both genomic DNA and cDNA of the
tumor.

Parental DNA was available for only seven of the 16
patients. One of the two parents was found to be an
asymptomatic carrier in all seven cases. None of these
seven patients therefore had de novo mutations. Among
the seven parents who harbored the AIP mutation, hor-
monal evaluation and MRI were performed in five, and
only hormonal evaluation (without MRI) was obtained in
two. None of them had evidence of pituitary adenoma.

TABLE 2. Clinical, morphological, and genetic characteristics of the 16 patients of the cohort with AIP mutation

Patient
no. Type of adenoma Sex

Age at
diagnosis

(yr)
Age at first

symptoms (yr) First symptoms
Size of

adenoma Mutation Expected protein Mutation type

1 Mixed GH/PRL-secreting M 14 10 Pit insufficiency � Gig Macro c.805-825 dupa p.Phe269_His275 dup In-frame duplication
2 PRL-secreting F 14 14 Primary amenorrhea Macro c.26G�Aa p.Arg9Gln Missense
3 ACTH-secreting M 14 13 Growth retardation Micro c.47G�A p.Arg16His Missense
4 PRL-secreting M 16 14 Hypogonadism Macro c.469–2A�G Unknown Splicing site
5 Acromegaly M 17 16 Hypogonadism � Gig Giant c.910C�T p.Arg304X Nonsense
6 Acromegaly M 17 17 Gigantism Giant c.783C�Ga p.Tyr261X Nonsense
7 PRL-secreting F 18 16 Secondary amenorrhea Macro c.974G�Aa p.Arg325Gln Missense
8 Mixed GH/PRL-secreting M 21 14 Hypogonadism � Gig Macro c.872T�Aa p.Val291Glu Missense
9 PRL-secreting F 24 24 Galactorrhea Micro c.563G�Aa p.Arg188Gln Missense

10 ACTH-secreting F 25 21 Cushing syndrome Macro c.752dela p.Leu251Arg.fsX52 Frameshift
11 PRL-secreting F 25 25 Secondary amenorrhea Micro c.911G�A p.Arg304Gln Missense
12 PRL-secreting F 30 Puberty Primary amenorrhea Giant c.350del p.Gly117Ala.fsX39 Frameshift
13 Gonadotroph F 32 32 Galactorrhea Macro c.174G�C p.Lys58Asn Missense
14 Acromegaly M 32 Puberty Dysmorphy � Gig Macro c.509T�Ca p.Met170Thr Missense
15 ACTH-secreting F 39 39 Cushing syndrome Micro c.26G�A p.Arg9Gln Missense
16 Mixed GH/PRL-secreting M 40 37 Dysmorphy Macro c.469–2A�G Unknown Splicing site

Even in the patients diagnosed in adulthood, the first symptoms often began in adolescence. The patients are classified by increasing age at
diagnosis. Patients 1–7 are children up to 18 yr old at diagnosis. Patients 5 and 16 have been described in detail elsewhere (5). The three
subgroups (micro, macro, and giant adenomas) are defined in the text. Pit, Pituitary; Gig, gigantism.
a Mutations described for the first time.
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Discussion

We found a low prevalence of germline AIP mutations
(3.6%) in this very large prospective cohort of patients
with sporadic pituitary adenomas. We confirm that pa-
tients with AIP mutations are younger at diagnosis and are
predominantly young males with acromegalogigantism.
However,wealso showthat thesemutationsmaybe found
in patients with other histotypes of sporadic pituitary
adenoma.

Some of the mutations detected in our cohort have al-
ready been reported. The hotspot nonsense mutation
p.Arg304X (patient no. 5) has been described in sporadic
cases but also in several families with familial acromegaly;
it has been proposed as a founder effect from central Italy
in some cases or from Northern Ireland in others, but it is
located in a CpG island mutational hotspot (1–3, 5, 10,
16). The missense mutation p.Arg304Gln, affecting the
C-terminal endof theprotein, hasbeendescribedaspatho-
genic in several familial cases of isolated pituitary adeno-

mas, but also in sporadic cases of acromegaly and Cush-
ing’s disease (3–5, 8). Surprisingly, in our cohort, this
mutation was only found in a 25-yr-old female patient
(patient no. 11) with a microprolactinoma; she had nor-
mal puberty and presented with secondary amenorrhea,
but she did not have a GH excess and was normally sen-
sitive to dopamine agonists. Her phenotype therefore dif-
fered from those of other patients with this mutation (3–5,
8). Obviously, with regard to the high prevalence of mi-
croprolactinomas in the general population, this could be
a simple coincidence.

A mutation in the splice acceptor site of exon 4 (c.469-2
A�G) was found in a man (patient no. 16) with a mixed
GH/prolactin-secreting 15-mm macroadenoma diag-
nosed at age 40 yr; he was the oldest patient with a genetic
predisposition in this cohort, but a 16-yr-old boy (patient
no. 4) in whom impuberism led to the diagnosis of a mac-
roprolactinoma had the same mutation. These two pa-
tients were not related, suggesting that this AIP mutation

FIG. 2. Patient no. 10 with Cushing’s disease and a pathogenic AIP mutation. A, Schematic description of the mutation; B, pituitary MRI at
diagnosis showing the macroadenoma; C, pathological analysis of the adenoma removed at surgery; D, genealogic tree of the family (filled
symbols denote patients carrying the AIP mutation).
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predisposes carriers to pituitary adenoma. The different
phenotypes in two unrelated patients with the same AIP
genotype underline the complexity of genetic predisposi-
tion due to AIP germline mutations.

The missense mutation p.Arg16His found in patient
no. 3 was not found in our controls and can thus be con-
sidered as a VUS, but has already been observed in patients
with acromegaly, and even in a case of familial acromeg-
aly; however, it has also been found in healthy subjects (2,
5, 8). This could either point to incomplete penetrance or
suggest that the mutation is in fact a rare polymorphism.
Amino acid 16 of AIP protein is highly conserved in ver-
tebrates but is located in the N-terminal region, which is
not known to be involved in protein-protein interactions.
Igreja et al. (3) have studied this missense variant; based on
the incomplete loss of interaction with phosphodiesterase
(PDE) 4A5, they considered it to be a very rare polymor-
phism. However, on this basis, p.Arg16His shows a 61%
loss of PDE4A5 binding, although PDE binds to the C-
terminal part of AIP. Moreover, p.Arg304Gln, which has
been found in several FIPA families, shows only a 24% loss
of PDE4A5 interaction, although it is located in the third
TPRregion (3). Inviewofpreviousdescriptionsofpatients
with this mutation (2, 4, 5, 8) and the very young age of our
patient no. 3 (14 yr at diagnosis), we consider that this
VUS is probably pathogenic. A frameshift leading to a
premature stop codon, c.350delG (p.Gly117Ala.fs39X)
already published, was found in a patient (patient no. 12)
with a macroprolactinoma of childhood onset (15).
c.174G�C p.Lys58Asn was found in the only patient with
a gonadotroph adenoma and an AIP mutation in this co-
hort (patient no. 13); it is noteworthy that this patient was
younger than the other patients with gonadotroph ade-
nomas in this cohort and that the proliferation index was
high (Ki67, 6%), suggesting that this VUS is deleterious as
suggested by in silico analysis. This was also the conclu-
sion of Tichomirowa et al. (15) in their recent paper.

The other mutations detected here are novel. Two are
predicted to lead to a truncated protein and are thus
highly likely to predispose carriers to pituitary adeno-
mas. A nonsense mutation, c.783 C�G (p.Tyr261X),
was found in a patient (patient no. 6) with acromegaly
and a giant adenoma who experienced his first clinical
signs and symptoms during childhood. The c.752delT
(p.Leu251Arg.fsX52) mutation, leading to a truncated
protein, was found in a patient with Cushing’s disease
(patient no. 10) (Fig. 2). This mutation leads to an ab-
normal AIP protein from amino acid 251, which be-
longs to the second TPR region (Fig. 1). Thus, the intact
second TPR region and the third TPR region of the protein
are lacking, as are the last five amino acids essential for
AhR binding. It is noteworthy that, using direct cDNA and

genomic DNA sequencing, we did not find loss of
heterozygosity in the tumor of this patient, but this does
not exclude other mechanisms such as nonsense mediated
decay…or, obviously, contamination by normal pituitary
cells!

The in-frame duplication c.805-825dup (p.Phe269_
His275dup; patient no. 1), which affects the third TPR
domain in the C-terminal part of the protein, essential for
protein-protein interaction and AIP function (4, 13, 17,
18), was found in a very young boy whose mixed GH/
prolactin-secreting macroadenoma was diagnosed at the
age of 10 yr.

Three of the five novel missense variants (c.974G�A
p.Arg325Gln, c.872T�A p.Val291Glu, and c.563G�A
p.Arg188Gln) are located between the start of the TPR
domains (c.182) and the C-terminal part of the protein, in
a region essential for protein-protein interaction and AIP
function, and are very likely pathogenic. However, based
on in silico analysis, only c.872T�A p.Val291Glu is pre-
dicted to be deleterious. They were found respectively in a
female patient with a macroprolactinoma (patient no. 7)
and a male patient with a large mixed GH/prolactin-se-
creting tumor (patient no. 8), both with childhood onset,
and in a female patient with a microprolactinoma diag-
nosed at age 24 yr (patient no. 9).

The c.509T�C p.Met170Thr VUS, located between
the FKBP homology domain and the TPR domain, was
found in a male patient with a GH-secreting macroad-
enoma diagnosed when he was 32 yr old (patient no. 14),
but which clearly occurred before puberty, given his gi-
gantism. Based on in silico analysis, it is predicted to be
deleterious.

The last novel VUS, c.26G�A p.Arg9Gln, affects the
first part of the protein, a region that does not seem to be
involved in protein-protein interaction. A pathogenic ef-
fect is likely because we found it in two unrelated patients.
One of these patients had classic features of Cushing’s
disease at age 39 yr (patient no. 15), whereas the other
patient was a young girl with a macroprolactinoma re-
sponsible for primary amenorrhea (patient no. 2). In silico
analysis suggested only a moderate deleterious effect that
is compatible with the fact that it was recently reported as
a polymorphism (rs139459091, dbSNP135, October 12,
2011) with an extremely low frequency (�1/1000).

AIP mutations were detected in 23% of our pediatric
patients, a rate far higher than in the rest of the cohort as
recently pointed out by our group (19). Interestingly, an
AIP mutation was found in three (60%) of the five boys
with acromegaly, but in neither of the two girls. The prev-
alence of AIP mutation was similar in males and females
with prolactinomas (one of five, or 20%; and two of 12,
or 17%, respectively). In girls with macroadenomas, the
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prevalence was 29% (two of seven) (19). Similar results
were also found in a multicenter study (15).

Finally, we observed cases of apparently sporadic pi-
tuitary adenomas associated with AIP mutations in pa-
tients with no familial history of pituitary adenomas.
However, we found no de novo mutations, one of the two
parents being an asymptomatic carrier in all the available
cases. Our findings thus confirm previous reports (1, 16,
20, 21) pointing to a familial origin of AIP mutations in
patients with pituitary adenomas. De novo mutations are
almost never encountered; only one case has been reported
so far (11). The apparently sporadic presentation high-
lights the extremely low penetrance of pituitary adenoma
in carriers of AIP mutations.

One bias of this study, which was designed to estimate
the prevalence of AIP mutations in patients with pituitary
adenomas, is that genetic testing was limited to patients
who had a hospital workup, either at diagnosis or during
follow-up, thus excluding patients only seen in the out-
patient clinic. The patients in this series were therefore
likely to have more severe pituitary adenomas (mainly
macroadenomas of various types), whereas uncompli-
cated microprolactinomas were clearly underrepresented.
This can explain the high frequency of mutations found in
the patients with prolactinomas. Moreover, because most
of the mutations (four of six) found in prolactinomas are
missense variants of unknown significance, the percentage
of 4.1% of AIP mutations found in prolactinomas may be
overestimated.

In conclusion, genetic testing for AIP mutations in the
largest reported cohort of patients with apparently spo-
radic pituitary adenomas from one tertiary center con-
firms the very low prevalence of AIP germline mutations.
These mutations were more frequent in young patients
with gigantism and invasive macroadenomas, but they
were also encountered, albeit far more rarely, in patients
with sporadic microprolactinomas or Cushing’s disease.
We report eight original AIP mutations, including the first
associated mutation predicted to lead to a truncated pro-
tein in Cushing’s disease. All the studied families of AIP-
mutated patients included one parent who had the same
AIP mutation but no clinical repercussions. The low pen-
etrance of pituitary adenoma predisposition explains this
sporadic presentation. Finally, we found no AIP muta-
tions in patients diagnosed after the age of 40 yr. Thus,
AIP genetic testing should be proposed for all children
with pituitary adenomas because AIP mutations are found
in up to one fourth of pediatric cases and should also be
proposed to patients diagnosed before age 40 yr with ap-
parently sporadic large pituitary adenomas.
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