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Abstract

Context In sporadic acromegaly, overall AIP™ preva-
lence is reported as 3, 4.1 and 16 % in studies carried out
across Europe. However, it is not known whether the
prevalence shows any changes across different ethnicities.
The aim of the study was to identify prevalence of AIP™"
in a series of Turkish acromegalic patients.

Direct sequencing of AIP gene was
performed in 92 sporadic acromegalic patients.

Results  One patient was found to have a new mutation in
exon 6: g67.258,286 (G/A) heterozygote; (GGC/GAC; gly/
asp). Apart from this new mutation, previously defined
synonymous mutations in AIP gene were detected in seven
patients (Exon 4; rs2276020; (GAC/GAT; asp/asp) and six
patients were found to have five different intronic muta-
tions in AIP gene which were not previously defined. The
patient with pathogenic AIP™" presented at a young age
and had an aggressive and treatment resistant tumour. The
prevalence of AIP™" in Turkish patients was found to be
1 % in sporadic acromegaly in the present study. In addi-
tion, one synonymous mutation which was previously de-
fined and six new intronic mutations have been described
in Turkish acromegalic patients. All acromegalic patients
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with synonymous AIP™" presented with macroadenoma
and majority of them had invasive tumour.

Conclusion The prevalence of AIP™" in Turkish patients
was found to be 1 % in sporadic acromegaly in the present
study. This ratio increases when younger age groups are
taken into account 6 % among patients <30 years of age at
the time of diagnosis of acromegaly. The clinical features
of acromegaly, such as having large and invasive tumours,
may be affected by the presence of synonymous AIP™".

Keywords Acromegaly - AIP mutation - Turkey -
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Introduction

Acromegaly is a rare clinical entity caused in at least 95 %
of cases by a growth hormone (GH)-secreting pituitary
adenoma. Although benign, excessive production of GH is
associated with diabetes mellitus, hypertension and car-
diovascular diseases hence increased mortality if left
untreated.

Majority of these tumors are sporadic, but a minority of
them may present as a part of multiple endocrine neoplasia
type 1 and type 4 (MEN1 and MEN4), Carney complex,
McCune Albright syndrome or familial isolated pituitary
adenoma (FIPA). If two or more cases of acromegaly or
gigantism are present in a single family without other
features of these syndromes, it is called isolated familial
somatotropinomas (IFS). IFS account for 18-30 % of fa-
milial isolated pituitary adenoma (FIPAs) [1, 2].

Germline aryl hydrocarbon receptor interacting protein
(AIP) mutations (AIP™") can be found in about 20 % of
FIPA and 40 % of IFS families [3-5]. However AIP™" is
rare in sporadic pituitary adenomas, except in young
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patients with GH-secreting adenomas [6—8]. The genetic
causes of acromegaly in young patients with pituitary
adenomas are AIP and MENI, but very recently the new
Xq26.3 microduplications were also found to be related to
GH secreting pituitary adenomas in very young patients,
too [9] It has been suggested that molecular genetic testing
for ATP™" should be considered in (1) patients fulfilling the
criteria for FIPA, (2) patients with any pituitary adenoma
diagnosed before age of 18, (3) patients with a pituitary
macroadenoma diagnosed before age of 30 [5].

In sporadic acromegaly, overall AIP™" prevalence is
reported as 3, 4.1 and 16 % in studies carried out in Italy,
France and Finland [10-12]. However, it is not known
whether the prevalence shows any changes across different
ethnicities. In order to answer this question, we analyzed
apparently sporadic acromegalic Turkish patients for the
presence of AIP mutation. We have also investigated the
frequency of synonymous and intronic mutations in AIP
gene and their importancy in terms of clinical presentation.

Materials and methods

The study was approved by Local Ethics Committee and all
patients were gave their written informed consent. Clinical
trial Gov. Number: NCT01902420.

Study population

Ninety-two patients with sporadic acromegaly (based on
the absence of family history of GH secreting or other
types of pituitary adenomas) who were followed up in
Erciyes University Medical School were enrolled into the
study. Clinical data of the patients were obtained retro-
spectively from medical records. The current age and age
at diagnosis of the patients, disease duration, features of
adenoma at the time of diagnosis were recorded. Tumours
with extrasellar extension, tumours invading cavernous
sinus and surrounding brain structures radiologically were
classified as invasive tumours. The treatments received and
treatment responses of the patients were evaluated.
‘Complete response’ was defined as having normal IGF-1
levels according to age and sex and suppressed
GH < I pg/L after OGTT or having a safe basal GH
level < 2.5 pg/L for the patients receiving somatostatin
analog (SSA) therapy. ‘Partial response’ was defined as
having a reduced, but still elevated, IGF-1 of <50 % of the
baseline level and suppressed GH < 1 pg/L after OGTT or
having a safe basal GH level. All other cases were defined
as ‘treatment failure’ [13—15]. The tumoral response was
also assessed according to last pituitary imaging studies.
Presence of residual tumour, increment or decrement in the
size of the tumour were evaluated on pituitary MRI.
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Twenty healthy individuals without a history of another
disease, who did not carry the clinical features of
acromegaly or other pituitary adenomas were selected as
the control group.

AIP genetic analysis

Genomic DNA was isolated from blood samples from
acromegaly patients. The primers used for the analysis of
the AIP exonic and flanking intronic sequences are as re-
ported by Rowlands et al. [16]. The following sequences
obtained from GenBank were used as reference sequences
of AIP NT_167190.1 (genomic), NM_003977.2 (mRNA).
Each AIP exon from each DNA sample was amplified by
PCR (SensQuest Labcycler, Qiagen) and PCR reactions
were performed by ExPrime Taq premix (Genet Bio,
Korea). AIP gene PCR primers for six exons are listed in
suppl Table 1 (Synthesized at Metabion, Germany). Am-
plification program was in 30 cycles of: 30 s at 95 °C; 20 s
at 60 °C and 30 s at 72 °C. The PCR products were elec-
trophoresised in a 1.5 % agarose gel stained with ethidium
bromide Each PCR reaction was purified using OMEGA
bio-tek kit (OMEGA, Norcross, GA). Mutation analysis of
purified PCR products was performed by direct sequencing
of genomic DNA using Beckman CEQ8000 DNA se-
quencer (Beckman Coulter, USA). The whole coding re-
gion of AIP gene was sequenced, as well as flanking
intronic sequences and 5" and 3’ untranslated regions.

Results

AIP gene sequence analyses were carried out succesfully in
all patients. One patient was found to have a new mutation
in exon 6: g67.258,286 (G/A) heterozygote; (GGC/GAC;
gly/asp) (Fig. 1). This AIP™" was not previously defined in
the literature or found in the control group.

The patient with pathogenic AIP™" was 50 years old at
the time of evaluation. She was diagnosed with acromegaly
at the age of 21. The patient had a pituitary adenoma which
was 3.5 cm in its largest diameter on MRI. She was op-
erated on and received radiotherapy following operation in
another center. The patient had 2nd and 3rd surgeries in the
15th and 20th years of diagnosis since she had hormonally
active recurrent adenoma. Gamma-knife radiosurgery was
applied in 2003 due to partial resistance to SSA and
dopamine agonist (DA) combination therapy. Hormonal
control was achieved after the addition of pegvisomant to
her treatment when the drug was available in Turkey. The
patient was also treated with hydrocortisone and levothy-
roxine for hypopituitarism.

This patient did not have any relatives with acromegaly
or pituitary adenoma. AIP mutation could be studied in
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Fig. 1 Pathogenic new mutation (patient initials: FD): Exon-6 g67.258.286(G/A) heterozygote (GGC/GAC; gly/asp, G272A, c.815G > A)

mutation

DNA samples of her sister and her daughter. Her sister was
found to be normal in terms of AIP gene, but the patient’s
daughter was found to have similar mutation with the pa-
tient. The daughter is 25 years old. She does not have any
acromegaloid features, but since the daughter was 8 weeks
pregnant when she was called for laboratory evaluation, the
evaluation was postponed to postpartum period.

The prevalence of AIP™" was found to be 1 % among
Turkish patients with sporadic acromegaly. The prevalence
was 6 % when patients <30 years of age at the time of
diagnosis and sporadic acromegaly (n = 16) were consid-
ered. The prevalence of AIP™' was calculated as 9 %
among patients <30 years of age with a macroadenoma
(n = 11).

Apart from this new mutation, previously defined syn-
onymous mutations in AIP gene were detected in seven
patients (Exon 4; rs2276020; (GAC/GAT; asp/asp) and six
patients were found to have five different intronic mutations
in AIP gene which were not previously defined. The clinical
data and treatment responses of patients according to the
presence of AIP™" are presented in Table 1. All patients
with a synonymous mutation had a macroadenoma at pre-
sentation and five of them had an invasive tumour. The
largest tumour diameter was higher in these patients than in
patients without a mutation (Table 1). The clinical features
of patients with intronic mutations in AIP gene were not
different from the ones without an intronic AIP™,

Discussion

In this study, a new AIP™ was found in exon 6:
2.67.258,286 (G/A) heterozygote; (GGC/GAC; gly/asp,
G272A, c.815G > A). To date 53 different ATP™" was
identified. All these mutations are germline mutations in-
cluding different types such as nonsense, missense, splice
site, insertion, deletion, frameshift and promoter region
mutations or heterozygous deletion of most or entire AIP
gene. Nonsense or frameshifts leading to truncation of AIP

protein structure compromise half of the reported AIP™"
[17]. The G272A change has not been previously reported
in the clinical setting. This mutation leads to conversion of
glycine to aspartic acid in exon 6 of AIP gene. It is gen-
erally believed that the AIP protein acts as a tumor sup-
pressor gene and that the product of a single normal allele
is sufficient to prevent tumorigenesis. A second somatic
mutation (‘second hit’) is necessary to loose the expression
of the normal allele and to cause disease. When AIP ac-
tivity is lost, it has been shown recently that the mechanism
of tumorigenesis is related to the loss of inhibition of
cAMP synthesis due to alteration in the function of in-
hibitory G-protein Gai2 [18, 19].

The human AIP gene encodes a 37-kDa protein com-
posed of 330 amino acids that has an N-terminal im-
munophilin like domain and C-terminal tetratricopeptide
repeat (TPR) domains [20, 21]. Approximately 75 % of
AIP mutations completely disrupt the C-terminal TPR
domain and/or the Ca 7 h [17, 22], suggesting that these
domains have an important role in the function of AIP as a
tumor suppressor. However, the exact mechanisms of tu-
mor suppression by AIP are poorly understood. The present
study reinforces the importance of the C-terminal region of
AIP for pituitary tumorigenesis.

This patient with a new AIP™" was diagnosed with
acromegaly at a young age with a large tumour. She was
operated on for three times, received conventional and
gamma-knife radiotherapies at different times. The patient
was resistant to DA and SSA and hormonal control could
be achieved only after pegvisomant addition. AIP™" in
acromegalic patients was found to be associated with male
sex, gigantism or PRL cosecretion more frequently besides
higher GH levels than in patients without a mutation [4].
Acromegalic patients who carry an AIP™" were shown to
require reoperation and/or radiotherapy more frequently [4,
23, 24] and both hormonal and tumoral response to SSA
was found to be less in these patients [4]. Oriola et al. [24]
investigated 50 acromegalic patients who were resistant to
SSA and found mutations or variance of unknown
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Table 1 Clinical features and treatment responses of patients according to presence of AIP™"

No mutation

Intronic mutation

Silent/synonymous

Pathogenic

n=78 n=2~6 mutation n = 7 mutation n = 1
Age (years) 46 + 12 43 £ 11 47 £ 11 50
Age at diagnosis (years) 42 £ 12 37+ 15 40 £ 12 21
Disease duration (months) Med 45 (0-240) 72 (6-156) 66 (0-80) 372
(min—-max)
Sex M: 57.7 % M: 66.7 % M: 143 % F
F: 423 % F: 333 % F: 85.7 %
IGF-1 level at the time of 845 (389-3620) 816 (649-955) 957 (491-1404) NA
diagnosis (ng/ml)
Basal GH level at the time of 22 (0.9-188) 36 (4-39) 9 (5-322) NA
diagnosis (pg/l)
GH after glucose load at the time 11 (0.8-154) 9 (3-249) 17 (2.8-19) NA
of diagnosis (pg/l)
Largest tumour diameter at the 1.3 (0.5-3.8) 1.5 (0.7-2.2) 2.3 (2-2.5) 3.5
time of diagnosis (cm)
Patients with an invasive tumour at 33 % 33 % 71 % Yes
the time of diagnosis
Surgery 92.3 % 100 % 833 % Yes
Radiotherapy 13 % 17 % 0 % Yes
Medical treatment None 30.6 % None 33 % None 28.6 % Triple
Mono 47.2 % Mono 50 % Mono 28.6 %
Double 22.2 % Triple 16.7 % Double 42.9 %
Usage of SSA 61.5 % 714 % 50 % Yes
Usage of DA 22 % 33 % 43 % Yes
Usage of pegvisomant 0 % 17 % 0 % Yes
Hormonal control at last visit Complete: 68 % Complete: 80 % Complete: 70 % Complete
Partial: 17 % Partial: 20 % Partial: 30 %

No response: 15 %

No response: 0 % No response: 0 %

M male, F female, NA not available, DA dopamin agonist, SSA somatostatin analogs

significance in AIP gene in 8 % of the patients. So when
presentation features and treatment responses of this pa-
tient were considered, the risk of this patient to carry an
AIP mutation was increased.

Only two relatives of the patient could be studied for the
presence of AIP™. The sister of the patient was found to
be normal, but the daughter revealed similar mutation in
the AIP gene with the patient. Although the daughter could
not be evaluated by hormonal analysis or pituitary MRI
since she was pregnant when she was called for evaluation,
she did not have any acromegaloid features. Due to the low
penetrance of the disease, the probability of being only a
carrier for the AIP™" is expected to be high for her
daughter [25]. In sporadic acromegaly, overall AIP muta-
tion prevalence was reported as 3.1-16 % [10-12, 26]. In
selected acromegalic populations such as patients diag-
nosed with a macroadenoma before the age of 30, the ratio
is reported as 2.3 or 13.3 % in different studies [18, 27] or
patients diagnosed before the age 40 as 4 % [28] or patients
with resistance to SSA as 4 % [24]. These studies were
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carried out in patients from different regions of Europe.
The prevalence of AIP™" in Turkish patients was found to
be 1 % in sporadic acromegaly in the present study.

The necessity of screening for the presence of AIP™" in
FIPA is already known. However, studies carried out in the
last years led to a suggestion of screening for the presence
of AIP™" in patients with a pituitary adenoma diagnosed
before the age of 18 or a pituitary macroadenoma diag-
nosed before the age of 30 [5]. The risks of carrying AIP™"
in these groups of patients are 20 and 11 % respectively [4,
18, 23, 29]. There were no patients diagnosed before age
18 years in the present study, but in patients who were
diagnosed at an age <30 years (n = 16), the prevalence of
AIP™" was found to be 6 % and in patients who were
diagnosed at an age <30 years with a macroadenoma
(n = 11), the prevalence was found to be 9 %. Although
the number of patients in these selected groups is very
limited to derive a direct conclusion, the findings support
the importance of young age and tumour size for the risk of
carrying an AIP™",
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Previously defined synonymous mutations in AIP gene
were detected in seven patients (Exon 4; rs2276020; (GAC/
GAT; asp/asp). This polymorphism did not change the
amino acid residue (asp) but it may be clinically sig-
nificant. However, all patients with synonymous mutations
had a macroadenoma at presentation and five of them had
an invasive tumour. The tumour diameter on pituitary MRI
was higher in these patients. Synonymous mutations may
lead to sequential changes on mRNA. These changes on
mRNA have been reported result in degradation or func-
tional loss of mRNA by modifying its folding pattern [30].
So the presence of synonymous AIP™" may also have
clinical importance in terms of tumour size and local in-
vasion. Synonymous codon changes were previously
thought to have no functional consequence. Although this
concept has been overturned in recent years, there is no
unique mechanism by which these changes exert biological
effects [31]. Igreja et al. showed that synonymous
¢.807C > T mutation reduces expression of AIP gene in
their study. They had identified synonymous mutations at
the beginning of exon 6 in a family with two soma-
totrophinomas [32]. Synonymous SNPs are the most
polymorphic ones, indicating that most such mutations may
be functionally neutral. However, this does not mean that
every synonymous site is non-functional or neutral. Studies
in E. coli, yeast, and Drosophila support translation se-
lection for major codons, and there is a strong correlation
between bias in synonymous codon (SC) usage and the
gene expression level. An effect of synonymous codon
usage on gene expression is supported by the detection of
epistatic interactions between nucleotides that are impor-
tant in maintaining pre-mRNA/mRNA secondary struc-
tures [33-36]. In addition, some synonymous changes in
humans have been shown to cause genetic disorders by
exon skipping [37, 38]. As a result, synonymous mutations
are thought to lead to decreased mRINA translation and
decreased mRNA stability [39].

Six patients were found to have five different intronic
mutations in AIP gene which were not previously defined.
Although the number of patients was low, the clinical
features of them were not different from the ones without
intronic AIP™. Normally intronic region of DNA is not
associated with protein synthesis. So they are not expected
to cause functional or structural changes in the protein. In
order to understand to full effects of these mutations,
functional analysis is necessary.

Although we called the other changes in AIP gene
namely exonic synonymous and intronic mutations, they
were not included in the prevalence of AIP™" in this series.
In a review by Beckers et al. [17], intronic/splicing muta-
tions were suggested to be labeled as variance of unknown
significance until data regarding clear deleterious effects of
genetic variants are present.

In conclusion, the prevalence of AIP™" in Turkish pa-
tients was found to be 1 % in sporadic acromegaly in the
present study. The prevalence was found to be 6 % among
patients <30 years of age at the time of diagnosis and 9 %
among patients <30 years of age with a macroadenoma.
All acromegalic patients with synonymous AIP™" pre-
sented with macroadenoma and majority of them had in-
vasive tumour. This may suggest that the clinical features
of acromegaly may be affected by the presence of syn-
onymous AIP™" although the mutation does not change
protein structure. Further studies concentrating on the ef-
fects of synonymous and intronic AIP™" would be helpful
to understand their clinical effects.
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