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Acromegaly is a systemic, chronic, and
slowly developing disease, resulting from the
excess of the growth hormone (GH) and insu-
lin-like growth factor 1 (IGF-1) in persons with
the complete physiological growth. It is charac-
terized by pathological disproportional perios-
teum growth of bones, cartilages, soft tissues,
internal organs, as well as disorders in the
morphofunctional state of the cardiovascular
and pulmonary systems, peripheral endocrine
glands and various types of metabolism [1].

Acromegaly is observed most often between
the ages of 20 and 40, but sometimes it devel-
ops in persons over 50 years of age or in ado-
lescents [2]. If the disease occurs in childhood
or adolescence, when the epiphysis is not yet
ossified, there is an excess in the proportional
growth of the skeletal bones in length, which

leads to a significant increase in the linear
growth of the subject. This clinical syndrome is
called gigantism. If patients with the syndrome
do not receive timely and adequate treatment,
they demonstrate all the typical symptoms of
acromegaly in addition to gigantism after the
pubertal period [3].

Pituitary gigantism is an extremely rare
disorder: the incidence of pituitary tumors
in children is approximately 0.1 in one mil-
lion, and only about 1 to 10% of the pituitary
tumors secrete the GH [4-5] in childhood.
Gigantism should be suspected if the patient's
height is 3 standard deviations above the nor-
mal average height or 2 standard deviations
above the corrected height of parents [1].
Tumors that secrete both the GH and prolac-
tin (PRL), termed mammosomatotroph, may
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occur, as these cells have a shared embryonic
origin. When pituitary gigantism is suspec-
ted, the clinician should consider the presence
of disorders, known to be associated with the
GH-secreting pituitary tumors, including the
McCune Albright syndrome (MAS) [6], Carney
complex (CNC), multiple endocrine neoplasia,
types 1 and 4 (MEN 1, MEN 4) [7], Familial
isolated pituitary adenoma (FIPA), the para-
ganglioma, pheochromocytoma and pituitary
adenoma association (PAA) due to succinate
dehydrogenase defects, and X-linked acrogigan-
tism (X-LAG) [8]. The molecular genetics of the

AlIP-associated FIPA, MAS, CNC, and MEN 1
has been extensively studied and reviewed,
especially in children and young adults [9-14].
The GH-secreting adenomas seem to be
more invasive and aggressive in childhood than
in adulthood [15]. Surgery has traditionally
been the first line of treatment, with radiation
reserved for cases that are not surgically cu-
rable [16]. Medical therapy has taken on a more
important role in the management of patients
with the GH excess with the development of so-
matostatin analogues and dopamine agonists.

SUBJECT AND METHODS

Diagnosis of acromegaly is based on the
Consensus Statement (2018) [1]. Chemilumi-
nescence has been used to detect the levels of
serum GH (ng/ml), insulin-like growth factor-I
(IGF-I), prolactin (PRL), thyroid-stimulating
hormone (TSH), luteinizing hormone (LH),
follicle-stimulating hormone (FSH), free thyro-
xine (fT4) using the Biomerica Immunoassay
System (USA).

The national age-adjusted normal ranges
of IGF-I levels are used in interpreting the re-
sults. The reference for the IGF-I (min—max) at
the age of 15—16 years is 191-496 ng/ml, at the
age of 17-19 years — 190-429 ng/ml, and at
the age of 20—22 years — 117-329 ng/ml.

A pre- and post treatment magnetic reso-
nance imaging (MRI) was carried out as mega-
voltage irradiation using 1.5 T linear scan
Siemens MRI machine (Magnetom; Siemens
AG, Munich, Germany). Informed consent to
participate in the study has been obtained from
the patient and his parents.

Genetic analysis has been performed in
the Centre Hospitalier Universitaire de Liege,
Centre de Genetique: the AIP gene partial ana-
lysis (Familial Isolated Pituitary Adenomas)
by Sequencing of exons 1-6 of the AIP gene —
MLPA (Multiplex Lagation-dependent Probe
Amplification, P244-C1) involving exons 1-6 of
the AIP-gene.

Case report. A 18-year-old boy was admit-
ted to our clinic after neurosurgery treatment
in Romodanov Institute of Neurosurgery, the
NAMS of Ukraine. His height was 203.5 cm
(+3.7 SDS), body weight 97.3 kg (+5.5 SDS),
and his feet length was 36.5 cm (EU size 53).

Acceleration of his growth velocity started from
the age of 14 yrs. The patient had enlarged
hands and feet and an increased thickness
of the skin, but only discreet facial features
with prognathic mandibles. His body propor-
tions were abnormal (Fig. 1), he complained
of headaches, excessive sweating, arthralgia,
muscle pains and visual problems. Pubertal de-
velopment was in agreement with the Tanner
stage 2. Bone age corresponded to 13 years
(Greulich—Pyle). Epiphyseal growth zones were
open. The patient’s height at the age of 22 was
209.3 cm.

Fig. 1. 22-yr old patient S.V. with gigantism
and acromegaly (height 209.3 cm)
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Fig. 2a. Serum IGF-I (ng/ml) levels in the patient during observation
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Fig.2b. Serum GH (ng/ml) and PRL (ng/ml) levels in the patient during observation

Anamnesis morbi, anamnesis vitae.
The patient was born from the first normal
pregnancy, first normal delivery, gestation age
40 weeks, birth weight 2800 g, and birth length
50 cm. Closed head injury took place at the age
of 8 (was hospitalized; no data). Accelerated
growth has been recorded since the age of
12 years. At the age of 14 yrs the patient had
undergone surgery for juvenile aseptic episioly-
sis of the left hip joint.

Breast osteochondrosis, left-sided scoliosis
(1 degree), an expressed breast kyphosis, as
well as vertebrogenous thoracolgia and myofas-
cial pain syndrome have been observed since

the age of 16. Bone age has not been deter-
mined at that time.

Family history without registration of tall
stature in parents (father, 178 cm; mother, 168
c¢m) or any pituitary tumors and endocrine dis-
eases.

The first endocrinological examination has
been carried out at the age of 16 (19.09.2016).
MRI of the brain has revealed a giant pitui-
tary adenoma (37 X 36 X 28 mm) with supra-
sellar extension together with impingement
on the optic chiasm and invasion of the caver-
nous sinus, compromising hypothalamus, an-
terior third ventricle and brain stems (Fig. 3a).
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Fig. 3a. Preoperative unenhanced sagittal and coronal T1 (B, D),
T2-weighted (A, C) MRI sequences of the sellar region demonstrate invasive
pituitary macroadenoma, with extremely low intensity on T2:

A, B— invasion of hypothalamic and ventricle III region.

C, D — optic chiasm compression and invasion of both cavernous sinuses

Ophthalmologic examination has registered vi-
sual impairment with bitemporal field defect
and optic atrophy mostly on the left eye.

The GH hypersecretion has been diagnosed
together with very high levels of serum GH
without suppression during OGTT (nadir se-
rum GH, 316 ng/ml), and a highly increased
concentration of serum IGF-I 694 ng/ml
(normal range for the age is 190—496 ng/ml).
Serum PRL 9.27 ng/ml (normal range —
< 22 ng/ml) and TSH 0.7 mMU/1 levels were in
the norm (normal range 0.4—3.6 mMU/I); a de-
creased cortisol level 82 nmol/l (normal range
for the age is 176.0-579.4 nmol/l) (Fig. 2a
and 2b).

The patient underwent the transsphenoidal
endoscopic surgery in Romodanov Institute of
Neurosurgery, Kyiv, Ukraine, on 26.09.2016.
Due to the surgical report, the tumor has tur-
ned out to be exceptionally fibrous and solid,
adherent to the optical nerves and chiasm, as
well as to the ventricle I1I bottom, where tumor
remnants could not be removed without serious
risks. Removal volume was described in the
record as «Subtotal». Postoperative period was
uncomplicated, with visual improvement, but
the right temporal field defect has been regi-
stered postoperatively.

The pituitary MRI scan, performed 6 months
after surgery, showed pituitary adenoma of
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a significantly reduced size: in fact, residual
tumor has been determined in the suprasellar
region only, mainly to the left of the middle
line, with a slight chiasm compression and the
ventricle III bottom involvement. Median size
was 19 x 15 x 20 mm, with moderate intensity
of the MR-signal on T1-Wi, heterogeneously
hypo-intensive on T2-Wi, (Fig. 3b).

Histological tests (Fig. 4, 1-3) have shown
a pituitary adenoma with an extensive mixed
B- and T-cell inflammatory response but no
signs of necrosis. The immunohistochemical
staining showed adenoid cells to be positive for

the GH, negative for prolactin and with a slight
reaction for a-subunit.

The results of the genetic analysis: ge-
netic screening for MEN1 gene mutation was
negative and no clinical symptoms, suggesting
McCune—Albrights syndrome, have been de-
monstrated.

Heterozygous missense variant ¢.714C > G
(p.Cys238Trp) has been found in the AIP-gene.
This analysis of the AIP-gene is compatible
with a genetic predisposition to the pituitary
adenomas. The descendant of this patient has
a 50% chance to inherit this variant.

Fig. 3b. Postoperative sagittal and coronal MRI sequences of the sellar region
demonstrate invasive residual tumor mass tightly attached to the ventricle I1I bottom:
A, B— non-enhanced MRI. C, D — contrast-enhanced MRI
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Fig. 4. 1 — General histostructure of the tumor: eosinophilic adenocytes
with cellular and nuclear polymorphism. Hematoxylin staining with eosin, magnification 200x.
2 — Hematoxylin staining with eosin, magnification 800x. High mitotic activity.
3 — GH-immunostaining, hematoxylin addition, magnification 800x,
positive immunostaing for the growth hormone in most adenocytes.
(Densely granulated GH-secreting pituitary adenoma).
Cytoplasmic and transmembrane expression of somatotropes is present in 90 % of cells.

Table
Serum hormonal levels in the patient during observation
Date | Patient's| GH* | PRL* | TSH* | IGF-1* g)‘l’(‘:g‘;)"i grq« | Testoste
age (ng/ml) | (ng/ml) | mMU/l) | (ng/ml) (nmol/l) (pmol/l) (ng/ml)
Before surgery
13.0916 | 18 | 316111 ] 927 | 07l | 69411 | 8201l [ 89 | 37
After surgery
03.10.16 35111 4.79 0.5 894,817 | 66.01l <051
03.03.17 43.4 11 5.04 0350 | 1465.0111 | 411l 15.5 <05l
28.07.17 19 31571 | 2.58 0.4 754.7 11 8.21 |l 20.8 1.2 14
17.11.17 1151 2.91 NA
16.03.18 20 6.01 <0.01]l | 586.07 NA 12.5 <0.025 |
18.01.19 21 10.6 1 3.96 0.02 ] 490.7 1 26.18 || 13.5 2.94
Note:

normal ranges: IGF-1 190.0-429.0 ng/ml for 16—18 yrs; 117.0-323.0 ng/m] for 19-22 yrs;
the levels of GH < 1.0 ng/ml; PRL < 20.0 ng/ml; cortisol 176.0-579.4 nmol/l; TSH — 0.4-3.6 mMU/I;
fT4 9.0—-21.0 pmol/l; testosterone — 2.49—8.36 ng/ml.

Unfortunately, no one of the endocrinolo-
gists had possibility to monitor the patient
for 6 month after surgery, so our patient did
not receive any treatment in this period.
Postoperatively, medical treatment with sub-
cutaneous injections of a long-acting somatosta-
tin analogue Lanreotide Autogel (Somatulin
Autogel, Ipsen Pharma AG) at a dose of 120 mg
was given every 4 weeks for 2 months and eve-
ry 56 days subsequently.

However, serum GH and IFG-1 values were
abnormal all the time both after surgery and in
the course of the treatment (Fig 2a; 2b.; Table).
Secondary hypothyroidism, secondary adrenal

insufficiency and secondary hypogonadism
were diagnosed in the postoperative period
(Tab.). Levotyroxin (100 micrograms per day)
and hydrocortisone (30 mg per day) (Cortef,
Pfizer Inc.) were prescribed as hormone re-
placement therapy.

Substitution therapy with testosterone
(50 mg/day) (Androgel, Besins Manufacturing
Belgium) started at the age of 19. The patient
experienced no side effects of somatostatin and
hormone replacement therapy. Therapy with
somatostatin analogs combined with pegviso-
mant was recommended for the subsequent pa-
tient’s treatment [25].
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DISCUSSION

The peculiarity of this clinical case is the
occurrence of a giant pituitary adenoma in
childhood, most likely at the age of 12, after
a craniocerebral injury; rapid clinical manife-
station with a predominant lesion of the mus-
culoskeletal system; pathological growth and
development of classical pituitary gigantism;
formation of a giant pituitary adenoma for
a short period of time (presumably within
3 years), resistant to the treatment with so-
matostatin analogues; genetic predisposition to
pituitary adenomas, as evidenced by the pres-
ence of a rare mutation in the AIP-gene. This
mutation is exceedingly rare in the popula-
tion databases [17, 18]. A variant of the same
amino acid, p.Cys238Tyr, has been described
as pathogenic of loss of function for missense
AIPmuts (mutations in the aryl hydrocar-
bon receptor interacting protein (AIP) gene
(AIPmuts)) in pituitary adenomas [19].

Substantial advances have been made re-
cently in the pathobiology of pituitary tumors.
Similar to many other endocrine tumors, the
role of germline and somatic mutations has
been recognized over the last few years in
a number of syndromic or nonsyndromic condi-
tions with predisposition to pituitary tumors.
These include the identification of some novel
germline variants in patients with familial or
simplex pituitary tumors and establishment
of novel somatic variants, identified through
next generation sequencing [12]. Advanced
techniques have allowed the exploration of epi-
genetic mechanisms, mediated through DNA
methylation, histone modifications and nonco-
ding RNAs, such as microRNA, long noncoding
RNAs and circular RNAs.

Mechanisms of the kind can influence tu-
mor formation, growth, and invasion. While ge-
netic and epigenetic mechanisms often disrupt
similar pathways, such as cell cycle regulation,
there is a little overlap in the pituitary tumors
between genes, altered by germline, somatic,
and epigenetic mechanisms. The interplay bet-
ween these complex mechanisms driving tu-
morigenesis is studied best of all in the emer-
ging multiomics studies [12]. The functional
evaluation of the AIP mutations is consistent
with a tumor-suppressor role for the AIP and
its involvement in the familial acromegaly. The

abnormal expression and subcellular localiza-
tion of the AIP in sporadic pituitary adenomas
indicate deranged regulation of this protein
during tumorigenesis [19].

In the original study on AIP mutations
and pituitary tumors, the Finnish founder
mutation p.Q14X and the splice site mutation
IVS3 — 1G > A accounted for a significant frac-
tion of population-based acromegaly patients,
especially in the ones, diagnosed at an early
age (6 of 15 aged < 35 yr at diagnosis) [20].
Since then it has been established that young
age at the onset/diagnosis is a characteristic
feature of the AIP-related pituitary adenomas
[12]. Among large heterogeneous international
populations of pituitary adenoma patients, the
AIP mutations tend to occur rarely (0—3.6%)
when unselected populations are studied
[21-23]. FIPA, an autosomal dominant disease
with low penetrance, is being increasingly re-
cognized. FIPA families can be divided into
two distinct groups, based on genetic and phe-
notypic features.

Patients with mutations in the AIP-gene
are characterized by young-onset somatotroph
or lactotroph macroadenomas, while in the
other, larger group of FIPA patients with the
typically adult-onset disease and more varied
adenoma types, no causative gene(s) has/have
been identified. Young-onset macroadenoma
patients can also be identified with germline
ATP mutations without an apparent family
history [12]. Germline mutations or deletions
in the AIP-gene cause pituitary adenomas not
only in FIPA, but also in pediatric, adolescent,
and young adult cases; patients with gigan-
tism, and potentially in those with apoplexy
at a young age. AIP mutation — associated pi-
tuitary adenomas are frequently large and ex-
tensive at diagnosis, they occur at a young age,
and most of them are somatotropinomas that
are relatively resistant to somatostatin analog
treatment [24, 25].

The features of pediatric somatotropino-
mas have been described in the review of lit-
erature, 137 pediatric somatotropinoma cases
have been identified and published between
1981 and 2010, and 41 cases with AIP muta-
tions have also been registered [24]. A slight
male preponderance (59 %) has been found as
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well. Median age was 9 years at the symptoms
occurrence and 14 years at the disorder diagno-
sis. Macroadenomas accounted for 90% of the
tumors; 2/3 of the children had hyperprolac-
tinemia at diagnosis. The first-line treatment
was pharmacotherapy in 1/3 and surgery in 2/3
of the patients. Pegvisomant was used in 7 pa-

tients, it produced a significant improvement in
4 of them. The male preponderance was higher
in the subgroup with AIP mutations. Mutations
leading to the severe protein abnormalities
were more common in the pediatric group in
comparison with the group of adult patients.

CONCLUSION

In conclusion, the presented clinical case
describes a rare fact of the AIP- gene muta-
tion in the p.Cys238Tyr locus, which is associ-
ated with the occurrence of a giant pituitary
adenoma in childhood. Aggressive growth of
the pituitary tumor, its high proliferative and
hormonal activity, clinical manifestations of
gigantism in combination with severe pheno-
typic signs of acromegaly have also been no-

ticed. Resistance to the therapy with soma-
tostatin analogs has been revealed in our case.
Considering the absence of genetic predisposi-
tion to a pituitary adenoma in the patient, this
case can be regarded as a sporadic pituitary
adenoma variant due to the abnormal AIP-gene
expression and the disturbance of regulation
during tumorigenesis.
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WITH THE AIP-GENE MUTATION: A CLINICAL CASE
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Pituitary gigantism is an extremely rare disorder: the incidence of pituitary tumors in children is approximately 0.1 in one
million, and only about 1 to 10% of the pituitary tumors secrete the GH in childhood. Gigantism should be suspected if the
patient's height is 3 standard deviations above the normal average height or 2 standard deviations above the corrected height
of parents. When pituitary gigantism is suspected, the clinician should consider the presence of disorders, known to be as-
sociated with the GH-secreting pituitary tumors, including the McCune Albright syndrome (MAS), Carney complex (CNC),
multiple endocrine neoplasia, types 1 and 4 (MEN 1, MEN 4), Familial isolated pituitary adenoma (FIPA), the paraganglioma,
pheochromocytoma and pituitary adenoma association (PAA) due to succinate dehydrogenase defects, and X-linked acrogi-
gantism (X-LAG). The molecular genetics of the AIP-associated FIPA, MAS, CNC, and MEN 1 has been extensively studied
and reviewed, especially in children and young adults. The GH-secreting adenomas seem to be more invasive and aggressive
in childhood than in adulthood.

Data on a rare disease — gigantism combined with phenotypic signs of acromegaly in a young patient are
presented. Clinical and laboratory parameters, data of histological and genetic analysis are described. Genetic
analysis performed by AIP gene by Sequencing, proved a rare mutation in the locus of exons 1-6 of the AIP gene.
The presented clinical case describes a rare fact of the AIP-gene mutation in the p.Cys238Tyr locus, which is
associated with the occurrence of a giant pituitary adenoma in childhood. Aggressive growths of the pituitary
tumor, its high proliferative and hormonal activity, clinical manifestations of gigantism in combination with
severe phenotypic signs of acromegaly have also been noticed. Resistance to the therapy with somatostatin
analogs has been revealed in this case. Considering the absence of genetic predisposition to a pituitary adenoma
in the patient, this case can be regarded as a sporadic pituitary adenoma variant due to the abnormal AIP-gene
expression and the disturbance of regulation during tumorigenesis.

Key words: acromegaly, gigantism, pituitary adenoma, AIP- gene mutation.

AKPOMETAJIIA B MOEAHAHHI 3 TITAHTU3MOM,
ACOLINOBAHA 3 MYTALIEIO AIP-TEHA: KJTIHIYHUI BUNALOK
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lNranTtusm € HAA3BUYAWHO PIAKICHUM 3aXBOPIOBAHHS: 4acTOTA MYyXJHH rinodisa y aiTeid CTAHOBUTH
npubausuo 0,1 Ha oguMH MIJIBIOH, 1 Jinire 0m3bko 1 g0 10% myxawme rimodisa CEeKPeTyTh TOPMOH POCTY
(I'P) B guravomy Bimi. Caimg 3amigo3puTy TIraHTHU3M, AKIIO 3PICT IallleHTa Ha 3 CTAHJIAPTHI BIAXUJICHHS
epeBUIlye HOPMAJbHUN cepeaH1i 3picT abo 2 cTaHapTHI BIAXUJIEHH BAIIE BUIIPABJIEHOI0 3pOCTY 0ATHhKIB.
[Tpu mimo3pi HaA riraHTU3M Tiogdi3a KJIIHIIUCT IIOBUHEH BpaxX0ByBaTU HASIBHICTH PO3JIaJiB, AKl, SIK B1JOMO,
noB'sszaHi 3 ['P-cekperyounmu myxauHamu rimodisa, Braoyanuyn cuaapom Makkeitna Onopaiita (MAS),
romiiekc Kapui (CNC), mHORUHHI eHgokpuHH]1 HOoBOoyTBOpeHHs, Tunu 1 1 4 (MEN 1, MEN 4), cimeitna
i3onpoBana agenoma rimodisa (FIPA), maparauriioma, dpeoxpomoriuroma ta amenoma rimodisa (PAA) uepes
nedexTy cykmuHaTIEriAporenasu tra X-aps3auuit akporirautuam (X-LAG). Monekynspua remerura AlP-
acomitiopanux FIPA, MAS, CNC ta MEN 1 Gysia mupoko BUBYeHA TA OIJISSHYTA, 0COOJIMBO y JITEH Ta MOJIO-
noux Jrogei. Agenomu, mo cekperyoTh ['P, 3marorbesa 01/bIl IHBA3UBHUMU Ta arPeCUBHUMH B JUTHHCTBI,
HIK y 3pliaomy Bimi. [IpemcraBsieni qaHi mpo piAKicHe 3aXBOPIOBAHHS — TITAaHTHU3M B HOETHAHHI 3 (peHO-
THUIIOBUMU O3HAKAMMU akpomerasii y moJsomoro namienTa. QOnucano KJIIHIKO-I1a00paTOpHI mapaMeTpu, JaHl
riCTOJIOTIYHOrO 1 TeHeTUYHOro aHaidy. ['eHeTHUHHNI aHaI13, BAKOHAHUN METOJOM CEeKBEHYBAHHSI, JOBIB
pinkicHy MyTaliio B Jokyci ek3oHiB 1-6 AIP rema. IlpemcraBienuil KIIHIYHHUN BUOALOK OHHCYE QPaKT
pinkicaol myTtaiii AIP rema B p.Cys238Tyr nokyci, SKuii 1I0B'I3aHUY 3 BUHUKHEHHSIM IiraHTChKOI aJeHOMU
rimodgisa B AUTAYOMY BIIl. 3aXBOPIOBAHHS XapaKTEePU3YEThCA arpPeCUBHUM POCTOM IYyXJHUHU Timodisa, ii
BHCOKOIO IIPOJII(PePATHBHOIO 1 TOPMOHAJIBHOIO AKTUBHICTIO, KJIIHIYHIMHA IIPOIBAMHU IMTaHTHU3MY B IIO€JHAHHI
3 BUpaKeHUMH (PEeHOTHUIIOBUMHM O3HAKaMM akpomeraJii. 3 orisaay Ha BiJCYTHICTH y HAIlleHTAa FeHeTHYHOL
CXHMJIBHOCTI JI0 ajeHoMI rimnogisa, JaHWM BUIIAJ0K MOKHA PO3MVIAIATH AK CIIOPAJUYHUNA BapiaHT aJeHOMU
rimodis3a, IPUYUHOW K01 € aHOMaJbHA ekcrpecis AIP-rena.

Kiaouosi cmoBa: akpomerasid, riraHTH3M, ageHoMa rimodisa, myramia AIP-rena.
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