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Pseudohypoparathyroidism (PHP) is a hete-
rogeneous group of disorders that share fea-
tures of hypoparathyroidism, such as hypo-
calcaemia and hyperphosphatemia, but are
a result of target tissues' resistance to the bio-
logical actions of parathyroid hormone (PTH)
as well as thyroid stimulating hormone, gona-
dotropins, GHRH, and glucagon [1]. Its preva-
lence varies, for instance, from 0.34/100000 in
Japan [2] to 1.1/100000 in Denmark [3]. There
is no data available on the prevalence of this
condition in Ukraine.

PHP are classified into various subtypes
based on the specific molecular defects and
clinical presentations. These disorders are di-
vided into Type I (A, B, C subtypes) and type
II: PHP IA is characterized by target organ re-
sistance to multiple hormones, primarily PTH
and the presence of features of Albright Here-
ditary Osteodystrophy (AHO) such as round
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face, short stature, subcutaneous calcifications
and brachydactyly (the feature that is pathog-
nomonic for AHO is shortened of fourth and
fifth metacarpal bones), whereas PHP 1B clas-
sically presents as hormone resistance limited
to PTH without the AHO signs [4]. In addition
to classical phenotypic features, children with
PHP IA often have hearing loss (both sensori-
neural and conductive), mild intellectual dis-
ability, sleep apnoea and an increased risk of
type 2 diabetes [5, 6].

PHP IA is caused by heterozygous inac-
tivating germline mutations in the guanine
nucleotide-binding protein a-stimulating poly-
peptide (GNAS) gene located on chromosome
20q13.3 [7]. The GNAS gene produces multi-
ple gene products, including transcripts that
encode the alpha-subunit of the stimulatory
guanine nucleotide-binding protein (Gsa), ext-
ra-large Gsa (XLas), and neuroendocrine se-
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cretory protein 55 [8, 9]. Pathogenic variants
in the GNAS gene, which encodes the Gsa
subunit, is the primary cause of PHP IA. The
Gsa subunit is critical for coupling G protein-
coupled receptors, such as the PTH receptor,
to their downstream effectors. Inactivating
mutations in Gsa impair signal transduction
by these receptors, leading to tissue resistance
to multiple hormones, including PTH. Gsa is
expressed in a monoallelic way due to imprin-
ting through differentially methylated GNAS
regions [10]. In some tissues, such as proximal

renal tubules, thyroid gland, gonads, pituitary
and paraventricular and dorsomedial nuclei of
the hypothalamus, the PHP IA phenotype is
a result of inactivating mutations on the ma-
ternal allele, and it is expressed only from the
maternal allele (monoallelic) [11, 12]. In addi-
tion, biallelic expression is found in other tis-
sues such as skin, chondrocytes and adipocytes
[13]. These genetic mechanisms account for the
varied observable characteristics in individuals
with PHP.

MATERIALS AND METHODS

Chemiluminescent immunoassay was used
to detect parathyroid hormone (PTH), Thyroid
stimulating hormone (TSH), free Thyroxin
(FT4), Thyroid peroxidase Antibodies (TPO
AB). The 1on-selective method was used to
determine Total calcium, Ionized calcium,

Phosphorus in blood serum. The patient under-
went an MRI scan using a Siemens 1.5 T MRI
machine (Magnetom; Siemens AG, Munich,
Germany). SPSS 19.0 statistical software (IBM
Corp., Armonk, NY, US) was used for statisti-
cal analysis.

CASE PRESENTATION

A 12-year-old boy presented to the Zakar-
patska Endoclinica (Uzhhorod, Ukraine) with
complaints of excessive weight, seizure synd-
rome, presence of paraesthesia. Family history
was positive for epilepsy in father's sisters. The
patient was referred by a paediatric neurolo-
gist, who was treating epileptic syndrome with
lamotrigine 50 mg and levetiracetam 1000 mg
b.i.d.

During the initial endocrinologist exami-
nation, the child was overweight (weight —

[

N

Fig. 1. Patient phenotype (upper body)

53.2 kg (90 P), height — 150 cm (50 P), BMI —
24.8 kg/m? (95 P)). Notable features were: roun-
ded face with a broad nasal bridge (Fig. 1), shor-
tened 4% and 5" metacarpal bones (Figs. 2—3),
confirmed by X-ray (Fig. 4). The development
of external genitalia was at Tanner 3 stage.
Hearing and vision was normal. The child at-
tended middle school and did not have any
learning or communication issues, he was a top
student of the class. Considering this, spe-
cific tests to assess intelligence level were not
assigned.

MRI of the brain findings: signs of pa-
thological calcification of the basal ganglia and
subcortical white matter.

Fig. 2. Patient phenotype (feet)
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Fig. 3. Patient phenotype (hands)

CREDOCLINIC UZHGOROD
Aava nccnepoBanns : 06.06.2023]

Fig. 4. Right hand X-ray

Ultrasonography of kidneys: The USG
findings were the signs of diffuse parenchymal
changes in both kidneys with the presence of
calcifications.

Clinical Diagnosis: Based on the recom-
mendations of the «Diagnosis and manage-
ment of pseudohypoparathyroidism and re-
lated disorders: first international Consensus
Statement» (2018) and also on the basis of
characteristic clinical features and phenotype
(short stature, hand morphology, robust build,
obesity, round face, seizure syndrome, early
sexual maturation), laboratory findings (ele-
vated > 10 times PTH levels, hypocalcemia,
hyperphosphatemia (Table 1)), and additional
investigation data (calcification of basal ganglia
and subcortical white matter on MRI; ultra-
sound — signs of diffuse parenchymal changes
in both kidneys with the presence of calcifica-
tion), a preliminary clinical diagnosis was es-
tablished: Pseudohypoparathyroidism type IA
(Albright hereditary osteodystrophy).

In order to verify the diagnosis and provide
family counselling, the patient was referred for
genetic testing.

Genetic test result. Next generation se-
quencing (NGS) panel (Invitae Incorporation,
San Francisco, USA), found a heterozygous pa-
thogenic variant NM_000516.7: c. 312 + 5G > A
in the GINAS gene. This sequence change falls
in intron 4 of the GNAS gene. It does not di-
rectly change the encoded amino acid sequence
of the GINAS protein, but rather affects a nuc-
leotide within the consensus splice site.

Table 1

Results of laboratory tests pre- and 6 months post-treatment initiation

Result at initial Result 6 months Laboratory normal
Test parameter . after treatment
presentation e et s range
initiation

TSH, mIU/mL 3.81 N 1.78 N 0.28-4.3

FT4, ng/dL 0.71 ] 1.13 N 1.1-1.7

PTH, pg/mL 767 111 639 111 12-65

TPO antibodies, IU/mL 9.0 N 8.0N <34

Total calcium, mmol/L 1.28 || 1.77 | 2.1-2.55
Tonized calcium, mmol/L 0.63 1] 0.93 | 1.05-1.5
Phosphorus, mmol/L 3.19 111 2.31 17 1.05-1.65

Notes:

FT4 — free Thyroxin;

TPO — Thyroid peroxidase;

TSH — Thyroid stimulating hormone.
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This variant is not present in population
databases (GNOMAD no frequency). This fin-
ding confirmed the clinical diagnosis. Parental
genetic testing confirmed this pathogenic vari-
ant to occur de novo in the proband.

The patient was prescribed Levothyroxine
sodium 50 mcg once daily, Calcitriol 0.5 mg once
daily, and Calcium citrate 1000 mg per day.
To facilitate the decrease in phosphorus levels
an antacid with aluminium oxide and magne-
sium oxide (Almagel) was prescribed. Hormonal
tests were taken at presentation and 6 months
after specific treatment initiation (Table 1).

Six months after treatment initiation, TSH
and fT4 levels normalized, and there was impro-
vement in PTH, total calcium, ionized calcium,
and phosphorus levels. Patient’s EEG also sho-
wed marked pattern of improvement the dose
of lamotrigine and levetiracetam could be decrea-
sed from 50 mg and 1000 mg b.i.d. to 25mg and
250 mg b.1.d. respectively, with a prospect of full
discontinuation of antiepileptic medications.

Disscusion. This case report describes
clinical features, genetic findings, and treat-
ment outcomes of the 12 years old boy with
Pseudohypoparathyroidism type IA (Albright
hereditary osteodystrophy) and demonstrates
the challenges in diagnosing and managing
PHP IA in patients presenting with a complex
combination of clinical features related to hor-
mone resistance. This is an example of a PHP
caused by a pathogenic variant in GNAS gene.
The c. 312 + 5G > A variant is predicted to in-
terfere with splicing. GNAS mutations are the
most frequent cause of the disease [14].

Despite the evidence suggesting that mild-
to-moderate intellectual disability is diagnosed
in up to 79% of affected individuals with AHO
and PHP IA [15], our patient, a top student of
his class, showed no signs of intellectual im-
pairment at the time of presentation, never-
theless he did not undergo a formal 1Q assess-

ment. Interestingly, compared to a 32-year-old
French patient with the same ¢.312 + 5G > A
variant and PHP IA [16], both patients ex-
hibited PTH resistance (hypocalcaemia and
hyperphosphatemia) and TSH resistance (hy-
pothyroidism). However, our patient did not
show severe skeletal defects observed in the
French male (congenital phocomelia), but also
expressed significant shortening of the meta-
carpals. Additionally, our patient did not have
any evident cognitive impairment, whereas the
French male had mild intellectual disability.
This highlights the variability in the clinical
presentation of PHP IA even with the exact
same pathogenic variant, where the age of
treatment initiation might also play a role.

The occurrence of similar skeletal defects
in patients with PHP type IA and pseudo-
PHP (both having heterozygous inactivating
GNAS mutations) supports the growing evi-
dence that Gsa pathways play a crucial role
in growth plate development. Gsa is bialleli-
cally expressed in human bone and in murine
chondrocytes [17]. While inheriting a defective
paternal GNAS allele is not expected to cause
endocrine defects, a 50% deficiency in Gsa ex-
pression is enough to cause brachydactyly and
other skeletal abnormalities [18].

Given the diverse clinical presentations
of pseudohypoparathyroidism, along with dif-
ferent potential pathways leading to its onset,
a new term 'inactivating PTH/PTHrP signal-
ing disorder', abbreviated as iPPSD, was sug-
gested in 2016 [19]. This new classification
introduced major criteria (PTH resistance,
ectopic ossification, brachydactyly type E) and
minor criteria (T'SH resistance, other hormonal
resistances (GH, calcitonin, LH, FSH, GnRH),
to aid in diagnosis and differential diagnosis.
According to this new classification, our patient
had the PHP IA phenotype caused by inactivat-
ing GNAS variants.

CONCLUSION

This case presents a variety of a pheno-
typical spectrum of pseudohypoparathyroi-
dism 1A caused by a heterozygous pathogenic
variant (c. 313 + 5G > A) in the GNAS gene.
Pseudohypoparathyroidism is a rare disease
that caused by various genetic defects that is
why the method of verifying diagnosis can be

long and laborious. This case underscores the
importance of a multidisciplinary approach
In managing patients with pseudohypopara-
thyroidism and the critical role of genetic tes-
ting in confirming the diagnosis and for a fur-
ther genetic counselling of the family and the
patient.

98

IIpobremu endoxpurnoi namosnoeii Ne 1, 2025



Ipaxmurkyrouomy eHOOKPUHOTIO2Y

REFERENSES

Jippner H, Bastepe M. J Pediatr Endocrinol Metab 2006;2:
641-646. http:/doi.org/10.1515/jpem.2006.19.s2.641.

Takatani R, Kubota T, Minagawa M, et al. J Epidemiol 2023;
33(11): 569-573. http:/doi.org/10.2188/jea.JE20220152.

Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L. Clin Endo-
crinol (Oxf) 2016;84(6): 904-911. http:/doi.org/10.1111/cen.12948.

Mantovani G. J Clin Endocrinol Metab 2011;96(10): 3020-3030.
http:/doi.org/ 10.1210/jc.2011-1048.

Shoemaker AH, Jippner H. Curr Opin Endocrinol Diabetes
Obes 2017;24(1): 33-38. http:/doi.org/10.1097/MED.0000000
000000306.

Kuzel AR, Lodhi MU, Rahim M. Cureus 2017;9(11): ¢1878.
http:/doi.org/ 10.7759/cureus.1878.

de Oliveira EM, Keogh JM, Talbot F, et al. N Engl J Med 2021,
385(17): 1581-1592. http:/doi.org/10.1056/NEJMoa2103329.

Ishikawa Y, Bianchi C, Nadal-Ginard B, Homcy CJ. J Biol
Chem 1990;265(15): 8458-8462. http:/doi.org/10.1016/s0021-
9258(19)38910-0.

Lesch KP, Manji HK. Biol Psychiatry 1992;32(7): 549-579.
http:/doi.org/10.1016/0006-3223(92)90070-g.

. Hayward BE, Moran V, Strain L, Bonthron DT. Proc Natl Acad

Sci 1998;95(26): 15475-15480. http:/doi.org/10.1073/pnas.95.26.
15475.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Liu J, Yu S, Litman D, et al. Mol Cell Biol 2000;20(16): 5808-
5817. http:/doi.org/ 10.1128/MCB.20.16.5808-5817.2000.

Li X, Murray F, Koide N, et al. J Clin Invest 2012;122(3): 963-
973. http:/doi.org/ 10.1172/JCI59097.

Bastepe M, Weinstein LS, Ogata N, et al. Proc Natl Acad Sci
USA 2004;101(41): 14794-14799. http:/doi.org/10.1073/pnas.
0405091101.

Rickard SJ, Wilson LC. Am J Hum Genet 2003;72(4): 961-974.
http:/doi.org/ 10.1086/374566.

Mouallem M, Shaharabany M, Weintrob N, et al. Clin Endo-
crinol (Oxf) 2008;68(2): 233-239. http:/doi.org/10.1111/j.1365-
2265.2007.03025.x.

Lietman SA, Goldfarb J, Desai N, Levine MA. J Clin Endocri-
nol Metab. 2008;93(3): 901-904. http:/doi.org/10.1210/jc.2007-
2040.

Turan S, Bastepe M. Curr Osteoporos Rep 2015;13(3): 146-158.
http:/doi.org/ 10.1007/s11914-015-0268-x.

Bastepe M, Jiippner H. Horm Res 2005;63(2): 65-74. http:/doi.
org/10.1159/000083895.

Thiele S, Mantovani G, Barlier A, et al. Eur J Endocrinol 2016;
175(6): P1-P17. http:/doi.org/10.1530/EJE-16-0107.

IIpobremu endoxpurnoi namosnoeii Ne1, 2025

99



Ipaxmurkyrouomy eHOOKPUHOTLO2Y

A CASE REPORT OF ALBRIGHT HEREDITARY
OSTEODYSTROPHY WITHOUT INTELLECTUAL DISABILITY DUE
TO ADE NOVO GNAS SPLICING VARIANT

0. O. Khyzhnyak'?, O. T. Oleksyk?3, W. W. Wolfsberger?,
T. K. Oleksyk?®4, Kh. M. Shchubelka?34, V. O. Laver?®

1 SI «V. Danilevsky Institute for Endocrine Pathology Problems of the NAMS of Ukraine»,
Kharkiv, Ukraine;
2 Zakarpatska Endoclinica, Uzhhorod, Ukraine;
3 Uzhhorod National University, Uzhhorod, Ukraine;
? Oakland University, Rochester, MI, USA
oleksyk@oakland.edu

This case report details a 12-year-old boy with Albright Hereditary Osteodystrophy (AHO) without intellec-
tual disability due to a de novo GNAS splicing variant. Presenting with obesity, seizure syndrome, the patient
exhibited typical AHO features, elevated parathyroid hormone levels alongside hypocalcemia and hyperphos-
phatemia, but normal cognitive function. MRI and ultrasound revealed calcifications in the brain and kidneys.
Genetic testing confirmed pseudohypoparathyroidism (PHP) type IA with a heterozygous pathogenic variant
NM_000516.7: ¢. 312 + 5G > A in the GNAS gene. Treatment with Levothyroxine, Calcitriol, and Calcium
citrate improved laboratory parameters and reduced seizure frequency. This case underscores the clinical
variability of PHP TA and the importance of genetic testing and a multidisciplinary approach in managing the
condition.

Keywords: Albright Hereditary Osteodystrophy, pseudohypoparathyroidism.
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IIpencraBiieHo KJIIHIYHKUE omuc 12-piyHOro XJIOMYMKA 31 cHajgkoBoi0 ocreomuctpodiero Oibpaiita
(Albright Hereditary Osteodystrophy — AHO) — mncermorimomaparupeosom (pseudohypoparathyroidism —
PHP) 3 osxupinaaM Ta CyJOMHUM CHHIPOMOM 0€3 1HTeJIeKTYaJJIbHOI HeIOCTATHOCT] K BaplaHT CIIAUCUHTY
GNAS de novo. ¥ mamienra crocrepirasaucs tumoel osuaku AHO, miaBuiesnii piBeHb IapaTropMOHy ITOPSIT
3 rirnokaJjbIliemMielo Ta rimepgocdaremiero, aje HOpMaJIbHOW KorHiTuBHO© pyHKIen. MPT ta Y3 Bussuin
KaJIbIIUHATY B T'OJIOBHOMY MO3KYy Ta HUpKax. ['enmeruune TecryBauusa nigreepauio PHP tumy A 3 rereposu-
roTHUM matoreHHuM BapianToMm NM_000516.7: ¢. 312 + 5G > A B reni GNAS. JlikyBaHHSA JIEBOTUPOKCHHOM,
KaJBI[ATPIOJIOM 1 ITUTPATOM KaJIBI[II0 ITPU3BEJIO JI0 IMOKPAIIEHHS Jab0paTOPpHUX IMOKA3HHUKIB Ta 3HAYHOIO
3MeHIIeHHd Yyactoru Hanamis. [lei Bunamok migkpecioe kiainiuay BapiabensHicts PHP tuny 1A Ta Basiu-
BICTH T€HETHUYHOTO TECTYBAHHS Ta MYJIBTHIUCIIAIIIIHAPHOIO II1IX0Y /10 JIIKYBAHHS 3aXBOPIOBAHHS.

Knmouosi cmosa: cmagkosa ocreoguctpodis OmbpaiiTa, IceBIOTIIONAPATHPEOS.
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