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CONGENITAL HYPOPITUITARISM WITH MONOSOMY OF CHROMOSOME 18
updates
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Congenital hypopituitarism is a rare disease. It can be caused by isolated inborn defects of the pituitary, gene mutations
(PROP1, PIT1), and chromosomal abnormalities.

Deletions of chromosome 18 (De Grouchy syndrome types 1 and 2) are a group of rare genetic diseases with a frequency of
1:50,000. Hypopituitarism in these syndromes is detected in from 13 to 56% of cases and depends on the size and location
of the deleted segment.

We have described a series of clinical cases of patients with congenital hypopituitarism due to deletions in chromosome
18. All children had a characteristic dysmorphic features and delayed mental and speech development. Within first months
of life, patients developed muscular hypotension, dysphagia, and respiratory disorders. The patients had various con-
genital malformations in combination with hypopituitarism (isolated growth hormone deficiency and multiple pituitary-
hormone deficiencies). In the neonatal period, there were the presence of hypoglycemia in combination with cholestasis.
Hormone replacement therapy led to rapid relief of symptoms.

Chromosomal microarray analysis in 2 patients allowed us to identify exact location of deleted area and deleted genes and
optimize further management for them.

KEYWORDS: congenital hypopituitarism; De Grouchy syndrome; monosomy 18p-; monosomy 18q-; hypoglycemia; cholestasis.

BPOXAEHHbIA TMNONMUTYUTAPU3M NMPU BEJNIELNAX 18 XPOMOCOMDI

© A.B. bonmacoBa'?*, M.A. MenuksH', 3.LL. lapxmnesa’, A.A. NMyukosa?, A.B. lertapesa®?, B.A. lNeTepkoBa'

"HaumoHanbHbIN MeAULMHCKIA NCCNefoBaTENbCKNA LEHTP SHAOKpMHoNornn, Mocksa, Poccua

2HaumoHanbHbI MeAULMHCKUI NCCefoBaTeNIbCKUN LIEHTP aKyLLepCTBa, TMHEKONOr N U NepruHaToNorim

um. akag. B.M. Kynakosa, MockBa, Poccusa

3MepBbit MOCKOBCKMIA FOCYyAapCTBEHHbIV MeANLMHCKNIA yHBepcuTeT um. .M. CeueHoBa (CeueHOBCKUIA YHUBEPCUTET),
MockBa, Poccus

BpoaeHHbIV rMnonuTyntapusm — pefkoe 3abonesaHve, NPUUNHOM KOTOPOro MOTYT GbiTb 130/IMPOBaHHbIE MOPOKU pas-
BUTWA XMa3MalibHO-CennApHO obnacTy, MyTauuy reHoB, Y4acTBYOWMUX B pa3Butun runodusa (Hanpumep, PROPI, PIT1),
N XPOMOCOMHbI€ HapyLUEeHUS.

Deneuun 18 xpomocombl (cuHapom De Grouchy 1 1 2 TNOB) — rpynna peaKkux reHeTnyeckmx 3abonesaHuii C Yactotomn
BcTpeyaemoctn 1:50 000. lmnonuTyntapmsm npm faHHOM CMHAPOMe BblABNAeTCA B 13-56% ciyyaes 1 3aBUCUT OT pasmepa
1 noKanusauuun geneuunn.

B cTaTbe onucaHa cepus KANMHNYECKNX CNyYyaeB BPOXKAEHHOro rmnonutymtapusma npu geneumax KOpoTkoro u AJMHHOro
nney 18 XxpoOMoOCOMbl.

Bce netn umenu xapakTepHble CTUrMbl An33MOproreHesa 1 3aiepKKy NCUXOPeYeBoro pa3BUTUA PasfvyHoOl CTerneHn Bbipa-
XeHHocTn. Obpallano Ha ce6s BHUMaHME HanmMune MblleYHOW rMNoTOHMK, Ancharnm, AbIxaTeNbHbIX HAPYLLIEHWIA B PpaHHEM
HeoHaTaflbHOM nepuoge. Y naunMeHToB 0TMeYanoChb Hannuyre pasfinyHbiX BPOXKAEHHbIX MOPOKOB Pa3BUTHNA B COYETaHNN C M-
NonUTYUTapu3MoMm, NPOABNEHNA KOTOPOro BapbuUpoBanu oT nsonmposaHHoro CTI-geduruymta 1O MHOXECTBEHHbIX TPOMHbIX
HegocTaTouHocTel ageHorunodmsa. Ocob6eHHOCTbIO TeUeHNA MMNONMTYNTapu3Ma B Nepuos HOBOPOXKAEHHOCTUN ABAANOCH
Hanvuve peunanBpYOLWLNX TMNOTNNKEMUN B COUYETaHUM C CUHPOMOM XOJieCTa3a, KoTopble ObICTPO KynpoBanuch Ha poHe
3aMeCTUTeNIbHOW rOPMOHaNbHOM Tepanuu.

[lByM naumeHTam NpoBOAUIICA XPOMOCOMHBbIN MUKPOMATPUYHBIA aHanus, Npy NoMOLLM KOTOPOro Oblv onpepenieHbl TOYHas
nokanmsaumsa obnactu feneunm n reHbl, Bbinaswne nNpu JaHHOM edeKTe, UTo NO3BONUIO ONTUMU3UPOBATb TaKTUKY Aanb-
Hellwero BegeHus.

KJTKOYEBbIE CJTOBA: 8poxdeHHbil c2unonumyumadpusm; cuHopom De Grouchy; moHocomusa 18p-; MoHocomusA 184-; 2uno2iukemMus, Xosecmas.
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RELEVANCE

Deletions of chromosome 18 (18p monosomy,
18p- syndrome, partial 18p monosomy, 18q monosomy,
18g- syndrome) are a group of rare genetic diseases with
a frequency around 1:50,000. The phenotype of patients
with deletion of the short arm was first described by Jean
de Grouchy in 1963 [1]. De Grouchy syndrome types 1
(deletion of the short arm of chromosome 18) and 2 (dele-
tion of the long arm of chromosome 18) were subsequently
identified. In either type, the syndrome may involve congen-
ital hypopituitarism (14% to 56% of cases), which is often as-
sociated with other congenital anomalies and concomitant
conditions [2, 3].

With 18p- monosomy (OMIM #146390), deletions most
often occur de novo (89%) and are more frequent in girls
(2/3). Short arm monosomy most often occurs in the moth-
er's chromosome and in 50% cases takes place in the cen-
tromeric side [4]. Phenotypical manifestations in patients
include delayed mental development (average 1Q = 69),
delayed growth, delayed speech development, holoprosen-
cephaly-related anomalies, ptosis and specific phenotypical
characteristics (flat nasal dorsum, wide mouth with short up-
per lip, micrognathia, protruding ears, short neck with ptery-
goid folds, kyphoscoliosis). Hypopituitarism is found in 13%
of 18p- syndrome cases and is considered a rare manifesta-
tion of the syndrome. Other rare manifestations include au-
toimmune abnormalities, alopecia, and muscular dystonia.
Patients with micro-deletions display varied phenotypes
depending on the deleted segment’s size and location. If
an entire arm is lost, and the deletion affects the centromer-
ic side, the phenotypes are less mixed and include the fullest
range of defects [5].

With 18g- monosomy (OMIM #601808), phenotypes
are extremely varied. Two types of deletions may be distin-
guished here: the proximal (18gq11.2-g21.1) and the distal
(18921.1-g23) one.

Typical for distal deletions are delays in speech and men-
tal development, congenital heart disorders, central nervous
system pathology, orthopaedic pathology, ophthalmologi-
cal disorders (strabismus, nystagmus, myopia), IgA deficien-
cy, hypothyreosis, auditory deficiency, and kidney patholo-
gy. Hypopituitarism (isolated growth hormone deficiency) is
a relatively frequent condition for this type of chromosome
disorders [6-9].

Besides delayed mental and speech development, typ-
ical for proximal deletions are corpus callosum hypoplasia,
kidney hydronephrosis, cardiac anomalies, frequent sinusi-
tis, strabismus, eczema, obstructive apnoea, and conductive
hearing loss. In patients with proximal deletion, growth hor-
mone deficiency occurs less frequently (up to 14% of cases).

Since phenotypical manifestations of 18g- monosomy
are highly varied and depend on the deleted segment’s
size and location and on the dosage dependence of genes
in the deleted area, no definite phenotype may be described:
manifestations will vary from one patient to another [9].

Some common features can be present: midface hypo-
plasia, upward or downward-inclined short palpebral fis-
sures, epicanthus, and low-seated auricles with prominent
antihelical fold.

Typical for all children with short and long-arm monos-
omy in chromosome 18 are muscular hypotonia, dysphagia,
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and respiratory disorders (respiratory distress syndrome)
in the first months of life. Neonatal hypoglycaemia and
cholestasis may be among the symptoms of congenital hy-
popituitarism and could be life-threatening if timely diagno-
sis and treatment are not available.

CASE

We examined four children with chromosome 18
disorders (three children with 18p- monosomy and one
child with 18g- monosomy) which manifested, inter alia, as
congenital hypopituitarism.

In all these children, the diagnosis was confirmed by
a genetic analysis/testing (two patients underwent karyo-
typing only, and two other patients underwent a microarray
analysis).

Congenital hypopituitarism was diagnosed based
on hormonal tests and typical clinical manifestations. All
children received hormone replacement therapy and were
supervised by an endocrinologist and other medical profes-
sionals depending on their concomitant pathology.

Data on the children’s speech development and
skill acquisition were obtained by surveying their legal
representatives.

Findings of Physical and Laboratory Examinations
and Investigations

Patient 1.

Full-term female baby born to unrelated parents, fifth
pregnancy (pregnancies 1and 2 ended with healthy children
pregnancy 3 was terminated with a therapeutic abortion;
pregnancy 4 ended with a healthy child . Anthropometrics
at birth corresponded to the term of gestation (see Table 1);
Apgar score was 6/8. At birth, the baby had the follow-
ing phenotypical characteristics: wide mouth, low-seated
auricles, and flat nose bridge (see Figure 1a). At the end
of day 1, an apnoea occurred with simultaneous hypogly-
caemia (0.7 mmol/L), which were relieved after intravenous
infusion of glucose solution. During the first 10 days of life,
direct fraction-driven hyperbilirubinemia rise (total biliru-
bin at 360 umol/L; direct bilirubin at 46 pmol/L), moder-
ate cytolysis syndrome (aspartate aminotransferase (AST)
at 55/L; alanine aminotransferase (ALT) at 35/L), and hyper-
lipoidemia were observed, as well as faecal hypocholia with
negative inflammatory markers and lack of evidence of any
infection pathology. Some hereditary metabolism disorders
(tyrosinaemia and galactosaemia) were ruled out. The baby
was suspected to have biliary atresia and underwent a liver
edge biopsy test which found symptoms of chronic peripor-
tal hepatitis with low histological grade. No evidence of bil-
iary atresia was found. Hepatobiliary radionuclide scanning
identified lower hepatocyte expression but, again, no
evidence of biliary atresia. Further examinations revealed
a congenital cardiac anomaly (defect of interventricular
septum) and congenital cataract. Considering the specifics
of this phenotype and the multiple developmental defects,
a karyotyping test was performed, which identified a short
arm monosomy in chromosome 18 (46XX,del (18) (p11.1;
p11.32)). It was observed that hypoglycaemia episodes up
to 2.6 mmol/L did occur even after intervals between meals
were prolonged.
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Table 2. Hormone examination data prior to hormone treatment
Indicator Patient 1 Patient 2 Patient 3 Patient 4
Age when examined 35 3 24 8/36
(months)
ACTH (pg/mL)
Reference: 7.2 to 63.3 6.05 8 2503 N/A
Cortisol (nmol/L)
Reference: 77 to 630 <t 289 4352 277
TSH (mU/L)
Reference: 0.64 to 5.76 16 3.28 142 19
Free T4 (pmol/L)
Reference: 11.5 to 20.4 7:37 84 12:56 13.28
IGF-1 (ng/mL) 32*% 48 1343 59.9/49.8
SD5 IGF-T 32 0.94 537 0.41/-1.46
Reference: +/-2
*was examined at the age of 24 months
Table 3. The patients’ psychic and motor development. Age of key skills acquisition (based on a survey)
Indicator Patient 1 Patient 2 Patient 3 Patient 4

Age at the time of survey

9 years 4 months

5 years 3 months

2 years 10 months

3 years 7 months

Holds their head up 12 months 3 months 8 months 4 months
Turns around 3years 6 months 5 months 5.5 months
Crawls Never 10 months 11 months Never
Stands unsupported 4 years 12 months 18 months 19 months
Walks unsupported 5 years 22 months 18 months 21 months
Pronounces individual words 3 years 3.5 years No speech 3 years
Performs simple tasks 2 years 3 years 2 years 12 months
(understands the speaker) Y Y Y
4 years
Pronounces sentences 6 years (chanted sp'eech, No speech 3 years 5 months
pre-memorised
sentences)
Uses'the potty/toilet at 5 years Not always Does not 2 years 7 months
daytime
Use§ the.potty/t0|let Does not Does not Does not 2 years 7 months
at nighttime
Does not.
Correctional daycare Is provided with Does not. Attends
Attends a kindergarten facility, since the age individual training Does not speech therapist
9 of 6 (with their and introduced classes and sensory
mother) into small groups of integration classes
children
Attends a school (regular or Since the age of 8 Does not Does not Does not

correctional: please specify)

(home schooling)
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Figure 1a. Patient 1 at the age of 3.5 years

At 3.5 months, the child was first seen by an endocrinol-
ogist. The examination revealed a moderate hepatomegalia,
direct hyperbilirubinemia (total bilirubin at 76.32 pmol/L;
direct bilirubin at 23.18 umol/L), cytolysis syndrome (AST
at 214.4/L; ALT at 83.5/L), and hypoglycaemia up to 1.1
mmol/L with prolonged intervals between meals (4.5 hours).

Hormone examination confirmed hypopituitarism, secon-
dary hypothyroidism, and secondary adrenal insufficiency
(see Table 2). Hormone replacement therapy with levothy-
roxine (12.5 pg/day) and hydrocortisone (1 mg/kg/day) was
assigned. Brain MRI revealed evidence of partial empty sella.
Cholestasis and cytolysis syndrome, as well as hypoglycae-
mia episodes were relieved by hormone replacement ther-
apy within a few weeks. At the age of 2, due to a manifest
delay of growth (SDS = -8.2), the child was examined again:
her bone age corresponded to that of 8 months; IGF-1 was
at 32 ng/mL, that confirmed a growth hormone deficiency.
Through hormone replacement therapy with growth hormone
(0.033 mg/kg/day), clear positive changes were observed (see
Figure 2). At present, the patient is 9 years old (see Figure 1b).
The girl receives hormone replacement therapy (hydrocorti-
sone: 12.5 mg/day = 15.2 mg/m?/day; levothyroxine: 50 ug/day;
recombinant growth hormone: 0.033 mg/kg/day). Growth de-
lay persists. The child shows a notable delay in her psychic and
motor development. She started walking at the age of 5; she
has a gross delay in speech development (she started speak-
ing at the age of 6 and uses short sentences, helping herself
with gestures) (see Table 3 and Figure 2). She still has feeding
problems (choking over solid food, chews with difficulty).
The child has had a number of rehab courses and is observed
by a speech therapist and special-needs expert.

Figure 1b. Patient 1 at the age of 9

Patient 2.

A full-term baby boy born to a mother who had neurofi-
bromatosis type 2. When born, his weight and length were
at the lower end of the normal range, Apgar score was 7/8
(see Table 1). Examination found dysembryogenic stigma:
protruding and low-seated ears, wide mouth, nipple hyper-
telorism, and congenital semi ptosis (see Figure 3). From
day 1, he had recurrent hypoglycaemia up to 0.9 mmol/L
and was therefore treated with infusions of glucose solution.
At the age of 3 weeks, he was examined; hyperinsulinism was
ruled out, and a diagnosis was confirmed: hypopituitarism,
secondary hypothyroidism and secondary adrenal insuffi-
ciency (see Table 2). Hydrocortisone therapy was initiated
(1 mg/kg/day), through which hypoglycaemia episodes were
relieved. Thereafter he received levothyroxine (12.5 pg/day).
His IGF-1 was measured twice: at the age of 2 and 3 months.
The readings were within the normal range (49 to 54 ng/mL).

At the age of 3 months, the child was seen by an oph-
thalmologist who found optic nerve hypoplasia. Brain mag-
netic resonance imaging revealed corpus callosum agenesis
and posterior pituitary ectopia. Septo-optic dysplasia was
suspected. A molecular genetic test (hypopituitarism gene
panel) was performed which found no mutations. Following
that, the boy was regularly seen by an endocrinologist;
despite a higher dosage of glucocorticoids (hydrocortisone
dosage was 17.7 mg/m?/day), hypoglycaemia persisted with
prolonged intervals between meals.

At the age of 6 months, due to hypopituitarism and re-
current hypoglycaemia persisting even when higher dosag-
es of hydrocortisone were administered, and despite a nor-
mal growth rate, a medical comission decided to give this
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child hormone replacement therapy with 0.028 mg/kg/day
recombinant growth hormone (see Figure 4) as growth hor-
mone deficiency was deemed highly probable. It ought to be
noted that in the first three years of life this boy had frequent
adrenal deficiency periods with simultaneous respiratory
diseases accompanied by vomiting and hypoglycaemia.

Because of/due to the dysembryogenic stigma,
a karyotyping test was performed, which identified a de-
letion in the short arm of chromosome 18 (46XY,del (18)
p11.32-p11.21). Notable delays in psychic and motor devel-
opment (started walking at 22 months) and speech devel-
opment (at the age of 3.5 he could repeat individual words
and understood the speaker only partially) were observed.
A series of brain MRIs was conducted which found multiple
foci in both hemispheres’ white matter; presumably, these
were schwannomas/ demyeliniation loci. Due to a difficult
hereditary history, a molecular genetic test was conducted
which found a mutation in NF2 gene, thus confirming neu-
rofibromatosis type 2. Considering the risk of large lumps
in the cerebrospinal axis, the growth hormone dosage was
reduced from 0.028 to 0.005 mg/kg/day. At the time of writ-
ing, this child is 5 years old. He demonstrates a notable pro-
gress in speech, psychic and motor development as he at-
tends speech therapist classes and is seen by a special-needs
expert (see Table 3). Satisfactory growth rate is observed as
hormone replacement therapy with growth hormone is pro-
vided (see Figure 4).
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Patient 3

This boy was born from first pregnancy through surgical
delivery (due to breech presentation). His weight and length
at birth were low and Apgar scope was 6/7 (see Table 1).
Dysembryogenic stigma (low-seated auricles, long philtrum,
and wide mouth) and semi ptosis were identified at birth
(see Figure 5a). After birth this child was regularly seen by
a neurologist and was diagnosed with muscular hypoto-
nia syndrome and ventriculomegalia. Since early age, this
child had low growth rate and delays in psychic and motor
development. At the age of 1, a karyotyping test was con-
ducted, which identified a deletion in the short arm of chro-
mosome 18 (46 XY.del(18)(p11.2)). No hypoglycaemia was
observed.

He was first seen by an endocrinologist at the age of 2. By
then, he had a notable growth delay (height 72.5 cm; growth
SDS -4.17). In terms of hormonal profile, he had low IGF-1.
No deficiency in other anterior pituitary tropic hormones
was identified (see Table 2). Bone age at the age of 2 was
on 3 months. Examination revealed a supermaxilla develop-
ment anomaly (solitary median maxillary central incisor).

An MRl investigation was conducted at the age of 2 which
found a typical hypopituitarism-related “triad” of symptoms:
anterior pituitary hypoplasia, infundibulum hypoplasia, and
posterior pituitary ectopia, as well as periventricular leu-
komalacia and ventriculomegalia. The child was diagnosed
with an isolated growth hormone deficiency. A treatment
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with 0.025 mg/kg/day recombinant growth hormone was
initiated. At the time this child was visited last, he was 2
years and 10 months old (see Figure 5b). He still has a delay
in speech development and is seen by a speech therapist
and a neurologist (see Table 3). Due to treatment, a growth
rate improvement has been observed (see Figure 6).

Patient 4.

A girl born from the first pregnancy ended with deliv-
ery at term. Her weight and length at birth corresponded
to the term of gestation (see Table 1), and Apgar scope was
8/9. 16 hours after birth she was moved to emergency and
intensive therapy ward due to respiratory disorders (con-
genital pneumonia). At neonatal period, hyperbilirubinemia
was observed, but no hypoglycaemia episodes occurred.
Specific phenotypical features were notable: brachycephalic
shape of the skull, wide nose bridge, short nose, midface hy-
poplasia, narrow upper lip, downturned mouth, low-seated
dysplastic auricles, short neck, nipple hypertelorism, um-
bilical hernia, 2-3 partially webbed toes, and clinodactyly
on 5 toes. From the first months of life she demonstrated
muscular hypotonia and delays in psychic and motor devel-
opment (started holding her head up at 4 months, started
turning around at 6 months), due to which was seen by a neu-
rologist and a geneticist. At the age of 8 months, microar-
ray analysis of DNA revealed partial monosomy in the long
arm of chromosome 18 (distal deletion 18922-g23); for this

Figure 5a. Patient 3 at the age of 2 years and 3 months

Figure 5b. Patient 3 at the age of 2 years and 8 months
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Figure 6. Patient 3 GH

reason, she was referred to an endocrinologist. Examination
of her hormonal profile found no abnormalities; a moderate
low IGF-1 was observed (see Table 2). Bone age correspond-
ed to chronological one.

At 16 months, despite the rehabilitation efforts, mus-
cular hypotonia persisted and medical comission decided
to initiate growth hormone therapy to improve metabo-
lism (first, 0.01 and then 0.025 mg/kg/day). Stimulation
tests were not conducted due to the child’s very low age.
During the growth hormone therapy, laboured breathing
intensified and the therapy was suspended for 3 months.
Once the growth hormone therapy stopped, symptoms
of respiratory disorders disappeared. The child was seen
by a thoracic surgeon who made a chest radiography and
identified wrong position of a hemidiaphragm. The child
was regularly examined; at the age of 3, her growth rate
decreased (growth SDS = -2.13). IGF-1 went down
to 49.8 ng/ml, and growth hormone therapy was resumed
in a metabolism-recommended dosage that was gradual-
ly increased to 0.033 mg/kg/day, given a high probability
of growth hormone deficiency. The child’s growth rate was
analysed, and positive changes were seen at the period
of the therapy. No further side effects of growth hormone
therapy were observed.

At the age of 3 years 7 months, conductive hearing loss
was identified. Active rehabilitation efforts and speech ther-
apist classes resulted in an improvement of the child’s psy-
chic and motor development (see Table 3).
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DISCUSSION

We examined four patients with deletions in chromo-
some 18.Three of them had different degrees of congenital
hypopituitarism. In one of the patients, this diagnosis was
highly probable (Patient 4). Similar phenotypical features
are notable: low-seated dysplastic auricles, short neck, nar-
row upper lip, downturned mouth, and ptosis. In early neo-
natal period, all these children had muscular hypotonia and
respiratory disorders; two of the patients had hypoglycae-
mia (Patients 1 and 2). All of the patients demonstrate delays
in psychic and motor development.

In three of the patients, (Patients 1, 2, and 3), a deletion
in the short arm of chromosome 18 was identified. Among
them, Patient 1 had the largest deletion (46 XX, del (18)
(p 11.1; p 11.32)), which led to a whole range in congeni-
tal abnormalities (congenital heart disorders, congenital
cataract, ptosis, multiple anterior pituitary tropic hormone
deficiency). This child’s severe delay in psychic and motor
development was be due to the syndrome itself, as well as
the consequences of acute hypoglycaemia and ischemic in-
jury of cerebrospinal axis during neonatal period. Patient 2
had a large deletion, too. This patient had progressing hy-
popituitarism (see Table 1); however, he had no congenital
visceral abnormalities, but had optic nerve hypoplasia. As
per the current diagnostic criteria, growth hormone de-
ficiency was not confirmed in this patient [10]. However,
since the baby had recurrent hypoglycaemia and compen-
sated secondary adrenal insufficiency, a medical comission
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decided to initiate hormone replacement therapy with
growth hormone, given a high probability of growth hor-
mone deficiency. Neurofibromatosis type 2 in this patient is
an independent disease caused by a mutation in NF-2 gene
located on the long arm of chromosome 22.

Patient 3 has a deletion in the short arm of chromo-
some 18.This patient has isolated growth hormone deficien-
cy and supermaxilla development anomaly (solitary median
maxillary central incisor).

All of our patients who had deletions in the short arm
(Patients 1, 2, and 3) had structural anomalies in sella turcica
area, which are found in people with congenital hypopitui-
tarism (see Table 1).

The short arm of chromosome 18 has 66 genes, out
of which 12 are believed to be dosage dependent [5].

Studies (Cody et al., 2009) identified short arm regions
whose deletions cause the following abnormalities: percep-
tive and conductive hearing loss (8% and 22%, respective-
ly), strabismus (38%), ptosis (47%), orthopaedic pathologies
(47%), nystagmus (9%), MRI-identified structural defects
of cerebrospinal axis (66%), holoprosencephaly (13%), kid-
ney anomalies (14%), congenital heart disorders (56%),
convulsions (13%), congenital cataract (6%), and delays
in speech development (100%) [7].

Moreover, individual genes have been identified whose
hemizygosity may cause various disorders. Among them,
TGIF1, AFG3L2, LAMA1, GNAL, DLGAP1, LCCR30, ANKRD12, and
IMPA2 have been relatively well studied.

TGIF1 codes the homeodomain protein TWSG, which
has a key role in TGF signal transduction. Mutations of this
gene cause holoprosencephaly and maxillofacial area
anomalies. Scholars report that 11% of children with 18p-
have holoprosencephaly defects of cerebrospinal axis
development, including anomalies in sella turcica area.
Moreover, data suggest that solitary median maxillary
central incisor and conductive hearing loss are also linked
to a missing TGIF1 [11].

AFG3L2 codes a subunit of mitochondrial proteases in-
volved in proteolysis of misfolded proteins. Point muta-
tions in this gene are known to cause spinocerebellar ataxia
type 28, which typically manifests through ataxia develop-
ment in childhood, dysarthria, nystagmus, and ptosis. This
gene is believed to have incomplete penetrability, since
its duplications and deletions exist in general population.
However, this group of patients requires monitoring, since
this disease may manifest in at a later age and there have
been a report that complete deletion of this gene causes
phenotypical manifestations, just as point mutations do [12].

LAMAT codes the protein involved in basement mem-
brane formation. Point homozygous mutations and com-
pound heterozygous mutations in this gene have been
described in a case of PORETTI-BOLTSHAUSER SYNDROME,
typical for which are cerebellum defects, myopia, retinal
degeneration, oculomotor activity disorders, and delays
in speech and motor development.

GNAL codes G-alpha, a subunit of G-protein receptor.
Mutations in this gene cause various forms of hereditary
dystonia. Studies report that 3% of patients with 18p- dele-
tions that cover this gene’s region have been diagnosed with
torsion dystonia.

The short arm region also contains several genes that
are considered candidates for an association with autism
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(DLGAP1, LCCR30, ANKRD12, IMPA2). Their deletions are
probably linked to our patients’ delays in speech develop-
ment [5].

Patient 3 underwent a microarray analysis that identified
genes located in the deletion area. Among them, AFG3L2,
GNAL, LAMA1, TGIF1 can be singled out. Their deletion de-
termines the child’s phenotypical manifestations (see Table
1; Figure 5). This patient required closer monitoring with re-
gard to potential development of dystonia in the future.

Thus, the clinical range of 18p- syndrome manifestations
is highly varied and depends on the deletion size. In our
case, none of the patients lacked an entire arm with centro-
meric side; their deletions were partial and their sizes varied,
which is why clinical manifestations varied, too.

One patient (Patient 4) had a distal deletion in the long
arm of chromosome 18 causing conductive hearing loss and
delay in psychic and motor development.

Cody et al. single out two regions in the long arm
of chromosome 18: the proximal one (between the positions
19 667 062 and 45 578 734) and the distal one (between
the position 46 739 965 and the telomere), which may have
clinically significant variations. Out of the 196 genes located
on the long arm of chromosome 18, to date 15 have been
described as having clinically significant hemizygosity; how-
ever, their penetrability varies and thus the phenotypical
manifestations may may be variable [9].

Microarray analysis identified the precise region in which
Patient 4 had a deletion, and this enabled us to deter-
mine the genes identify the genes within the deletion (see
Table 1). Among them, one may single out ZNF236, SALL3,
TXNL4A, which are involved in the maxillofacial area and au-
ditory pathway embryogenesis, and thus may account for
this specific phenotype.

At present, no specificgenein the distal region of the long
arm of chromosome 18 has been identified to be respon-
sible for growth hormone deficiency; however, the litera-
ture suggests that it is growth hormone deficiency that is
a pathognomonic symptom of distal-type 18q deletions, as
it occurs in up to 56% of patients who have this genetic dis-
order [9, 13].

Due to a very small age, no stimulation tests were con-
ducted in Patient 4 to diagnose growth hormone deficien-
cy. Initially, hormone replacement therapy was initiated
to stimulate her metabolism, and subsequently to stimu-
late growth, as her growth SDS and IGF-1 decreased. Thus,
growth hormone deficiency was not fully confirmed by lab-
oratory investigations; however, distal deletion in the long
arm of chromosome 18 combined with a reduced growth
rate suggests that the deficiency is in fact the case.

Within the distal region of the long arm of chromo-
some 18, critical areas have been identified which are re-
sponsible for congenital heart disorders (29%), orthopaedic
pathologies (29%), autoimmune diseases of thyroid gland
(15%), strabismus (40%), IgA deficiency (18%), and myelina-
tion disorders (97%), which do not cause degenerative dis-
eases of cerebrospinal axis [9, 14].

All children with this pathology display delays in mental,
psychic and motor development. Studies have found that
deletions covering the region that hosts TCF4 gene account
for severe delays in psychic and motor development. If TCF4
is not lost, mental development in this group of patients
varies from normal to moderately delayed [15]. The deletion
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in our patient does not cover TCF4, and that patient’s delay
in development is believed to be moderate; the child is ad-
vancing in psychic and motor development as a result of re-
habilitation activities.

CONCLUSION

We described clinical cases that demonstrate phenotyp-
ical variety of 18p- and 18g- syndrome. Symptoms common
for all our patients were growth hormone deficiency, facial
deformity, and delay in speech development.

Congenital hypopituitarism is a rserious disorder, espe-
cially in neonatal period, as cortisol deficiency and, likewise,
growth hormone deficiency may cause children to devel-
op severe recurrent hypoglycaemia in their first days and
months of life. Hypoglycaemia syndrome with simultane-
ous cholestasis in neonatal period is an absolute indication
to conduct hormonal examination, so that the diagnosis
may be verified as early as possible and hormone replace-
ment therapy may be initiated.

Aetiology of congenital hypopituitarism may vary. When
children with partial or complete loss of pituitary tropic
hormones display dysmorphic features, this ought to alert
the specialists to conduct karyotyping or microarray analysis
in order to rule out a chromosome 18 pathology.

Despite such variety of clinical manifestations and
their degrees in patients with chromosome 18 deletions,

HAYYHbI OB30P

more precise identification of area of the defect will ena-
ble foreseeing the range of potential disorders, optimising
the examination plan and monitoring such children more
efficiently.
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