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What is already known on this topic?

This manuscript describes a patient with Cornelia de Lange syndrome who was successfully treated with growth hormone because she
was born small for gestational age and showed no catch up growth. The diagnosis of Cornelia de Lange syndrome was made years after
the growth hormone treatment. To our knowledge, there is no published work about the effect of growth hormone therapy in Cornelia
de Lange syndrome.

What this study adds?

This case report will contribute to more knowledge about treatment with growth hormone in Cornelia de Lange syndrome and also
help fellow pediatricians and pediatric endocrinologists in their decision-making when considering the treatment in this patient group.

Abstract

Cornelia de Lange syndrome (CdLS) is a both clinically and genetically heterogeneous syndrome. In its classical form, it is characterised
by distinctive facial features, intra-uterine growth retardation, short stature, developmental delay, and anomalies in multiple organ
systems. NIPBL, SMC1A, SMC3, RAD21 and HDACS, all involved in the cohesin pathway, have been identified to cause CdLS. Growth
hormone (GH) secretion has been reported as normal, and to our knowledge, there are no reports on the effect of recombinant human
GH treatment in CdLS patients. We present a patient born small for gestational age with persistent severe growth retardation [height
-3.4 standard deviation score (SDS)] and mild dysmorphic features, who was treated with GH from 4.3 years of age onward and was
diagnosed 6 years later with CdLS using whole-exome sequencing. Treatment led to a height gain of 1.6 SDS over 8 years. Treatment
was interrupted shortly due to high serum insulin-like growth factor-1 serum values. In conclusion, GH therapy may be effective and safe
for short children with CdLS.
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Introduction Mutations in the NIPBL, SMCI1A, SMC3, RAD21, and HDAC8

genes have been identified to cause CdLS (4). These genes
The clinical features of Cornelia de Lange syndrome (CdLS)  code for subunits and regulatory proteins in the cohesin
(synonym  Brachmann-de Lange syndrome, de Lange pathway. Most cases of CdLS are sporadic although

syndrome; Online Mendelian Inheritance in Man #122470,  4.t0somal and X-linked inheritance patterns have been
#300590, #610759, #614701, #300882) were first described

by de Lange (1) in 1933, although Brachmann (2) is believed

to have reported a case in 1916. CdLS is known as a rare CdLS is a disorder affecting multiple organ systems.
and genetically and clinically heterogeneous disorder. ~Characteristic craniofacial features include well-defined

The reported prevalence of 0.5-10:100,000 may be an arched eyebrows with synophrys, long and curly eyelashes,
underestimation due to underdiagnosis of mild cases (3). ptosis and low-set, posteriorly rotated ears. In addition, a

described in some families (4).
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variety of additional features such as craniofacial deviations
and cardiovascular, gastrointestinal, genitourinary, and
neurosensory abnormalities have been reported. Skeletal
deformations usually affect the upper extremity. Linear
growthisingeneralimpaired, and affected patients showboth
pre- and postnatal growth retardation. CdLS specific growth
charts are available showing a mean adult height of 155.8
cm for males and 131.1 cm for females (5). Cognitive and
psychomotor abilities vary from mild learning disabilities, in
which speech and language disorders are more distinct, to
severe intellectual disability (4). With regard to the severity
of clinical features, there is a trend of a genotype-phenotype
association, depending on the causative gene and type of
mutation. However, an identical mutation can be associated
with quite different phenotypes, suggestive of a role of other
modifying genetic or environmental factors (6).

Only few reports have commented on endocrine
abnormalities in CdLS. Kline et al (7) reported a mildly
delayed puberty in a group of 49 patients with CdLS, with
a mean age of onset of 15 years for boys and 13 years for
girls. In several reports, growth hormone (GH) secretion
was assessed and found normal. We found no reports on
the effect of recombinant human GH (r-hGH) treatment in
children with CdLS.

We present a female patient born small for gestational age
(SGA) with severe postnatal growth retardation and mild
dysmorphic features. She was treated with GH from 4.3
years of age and was diagnosed 6 years later with CdLS
using whole-exome sequencing (WES), thereby being the
first reported CdLS patient to be treated with GH.

Case Report

This female patient is the third child of healthy non-
consanguineous parents with normal heights (father 173
cm, mother 166 cm) and no known familiar diseases or
genetic defects. Conditional target height (cTH) was 166 cm
[-0.7 standard deviation score (SDS)] (8). Both her siblings
had normal birth weight and postnatal growth. At the age
of 10 months, she was referred to our centre for evaluation
of short stature. After being carefully monitored in the
prenatal period for intra-uterine growth retardation, she was
born at a gestational age of 37 weeks and 5 days, after an
uncomplicated delivery. At birth, her weight was 2340 grams
(-1.7 SDS) (9), but subsequent measurements of weight in the
first year of life were between -3.4 SDS and -4.0 SDS. Head
circumference at birth was 32 ¢cm (-2.4 SDS). Length was not
measured at birth, but at 3 months of age length was 51.5
cm (-3.4 SDS), and all subsequent height measurements were
below -3.0 SDS (Figure 1). Based on these data, we estimated

the likelihood of a low birth length sufficient to diagnose the
child as SGA with failure of catch-up growth (10).

At the age of 10 months, length was 63 cm (-3.7 SDS),
weight 6.2 kg (-3.4 SDS), weight for length was normal (0.2
SDS), head circumference was 42.5 cm (-2.0 SD), and the
ratio between crown-rump length and total length was 0.68
(2.1 SDS) (11). Arm span/height ratio was 0.92 (0.1 SDS)
(12). Physical examination showed no abnormalities except
for two dysmorphic features. First, the patient had well-
defined and arched eyebrows with synophrys. Second, she
had short digits of both hands, in particular the phalanges of
both fifth digits (Figure 2).

Serum insulin-like growth factor-1 (IGF-1) was 8.0 nmol/L
(-0.1 SDS), IGF-binding protein 3 1.8 mg/L (-1.1 SDS), and
GH stimulation tests with clonidine and arginine showed
serum GH of peaks of 4.4 pg/L and 12.1 pg/L, respectively.
This made GH deficiency or insensitivity unlikely.

A skeletal survey performed in the first year of life and at
the age of two years showed no signs of skeletal dysplasia.
A 46,XX Kkaryotype was determined at amniocentesis,
and genetic evaluation of SHOX, FGFR3, IGF-1, and IGFIR
revealed no mutations or copy number variants, and
uniparental disomy of chromosome 7 and hypomethylation
of the 11p15 imprinting region tested negative. At the age of
5 years, a single nucleotide polymorphism array (GeneChip
Human Mapping 250K Nsp Array) was performed showing
no abnormalities.
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Figure 1. Growth curve of the patient plotted on the growth
reference chart for female Dutch children (-2.5, -2.0, -1.0, O,
+1.0, +20 and + 2.5 standard deviation lines are shown).
Red lines indicate bone age, horizontal lines indicate
recombinant human growth hormone treatment (8)

SDS: standard deviation score

367



de Graaf M et al.
Growth Hormone and Cornelia de Lange Syndrome

] Clin Res Pediatr Endocrinol
2017;9(4):366-370

At the age of 10 years, WES was performed in the index
patient and her parents. Genomic DNA was isolated
from peripheral blood samples using the Autopure LS
Instrument (Gentra Systems). Cytogenetic microarray
analysis was performed using the Affymetrix CytoScan HD
Array according to the manufacturer’s procedures. Copy
number was assessed in the patient using ChAS software
(Chromosome Analysis Suite). WES was performed as
previously described by Hannema et al (13), using the
Nimblegen SEqCap EZ V2 capture kit (Roche, Nimblegen,
Inc, Madison, Wisconsin). Filtering for de novo variants
in the index patient with a home-made variant filtering
algorithm (Santen et al) (14) showed a heterozygous, de novo
splice mutation (c.771 + 1G> A), chr5:36971139 build 37, in
NIPBL gene. Although this mutation has not been described

Figure 2a. Images of the hands a showing short digits.
Published with permission of the patient’s parents. No
permission was given to publish photographs of facial features

Figure 2b. Images of the hands showing short digits, especially
of the thumbs and fifth digits. Published with permission of
the patient’s parents
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previously, it has been found in another patient with CdLS
(15). The result was confirmed by Sanger sequencing. cDNA
analysis was performed to investigate the effect of the splice
mutation. An aberrant transcript besides the expected
wild type PCR product was observed. Sequencing of the
aberrantly spliced product revealed a loss of the last 21 bp
of exon 7, which is expected to lead to an in-frame deletion
of 7 amino acids in the protein, p.(Val251_Asp257del).

Following the diagnosis of CdLS, an extensive medical
screening was performed. Echocardiography revealed a
structurally and functionally normal heart. An ultrasound
of the wurogenital tract showed normal structures.
Otorhinolaryngologic and ophthalmologic evaluations
showed no abnormalities except a mild nervus IV paresis of
the left eye, but without resulting in a negative effect on the
visual performance of the child.

Treatment with r-hGH in a dosage of 0.86 mg/m?/day
subcutaneously was started at 4.3 years of age at a height
of 91.7 cm (-3.5 SDS) based on the indication of SGA with
failure of catch-up growth. Bone age, assessed according to
the Greulich and Pyle (16) method, was then 3.3 years. After
the initiation of GH treatment regular outpatient clinic visits
were scheduled. Every three months, anthropometric values
were evaluated. Bone age and laboratory tests including
IGF-1 were performed yearly. The growth response was
appropriate (Figure 1) and at 8.5 years of age, height was
125.5 cm (-1.4 SDS). Following a series of increased serum
IGF-1 values, as high as 5.3 SDS (Figure 3), therapy was
interrupted for nine months, which led to deceleration of
growth (height -1.7 SDS). At 9.3 years, r-hGH therapy was
restarted at a lower dose of 0.7 mg/m? At present, at the
age of 12.3 years, her height is 142.6 cm (-1.8 SDS) and
IGF-1 is 2.2 SDS. The last measured bone age was 11.0 years
at an age of 11.6 years. Predicted adult height at that point

IGF-1 serum SDS score
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Figure 3. Patient’s serum insulin-like growth factor-1 standard
deviation score

IGF-1: insulin-like growth factor-1, SDS: standard deviation score
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according to Bayley and Pinneau (17) was 154.4 cm, 1.8
SD below cTH-SDS. No side effects or health complaints
occurred during therapy. Due to a speech and language
disorder, she followed an adjusted educational programme.
Her intellectual abilities were tested within the normal
range with a nonverbal intelligence quotient of 98. Motor
development was normal.

The patient’s parents gave their consent for inclusion of the
patient’s pictures in this publication.

Discussion

In this case report, we present a female patient with extreme
short stature and very mild clinical features of CdLS. She
showed a substantial increase in height SDS of 1.8 SDS
following treatment with r-hGH. To our knowledge, this is
the first report on r-hGH treatment in a patient with CdLS.
SGA without adequate catch-up growth is an established
indication for GH therapy in most parts of the world
including Europe and for this reason, GH was started in
our patient. The described effect of r-hGH treatment in our
patient resembles the increase in height previously reported
in SGA patients treated with a similar GH dose (18,19). The
initial extreme increase in IGF-1 SDS score on the 0.86 mg/
m? GH dose is considerably higher than that reported for
GH-treated children with SGA (18,20).

In approximately 70 % of CdLS patients, a genetic cause is
detected (4). A NIPBL mutation is found in 80 % of these cases
and results in more severe clinical problems in comparison
to the other genes. However, missense mutations in this
gene tend to give rise to a milder phenotype than splice
site mutations, or nonsense and frameshift mutations (4).
Our patient has a splice site mutation in the NIPBL gene,
demonstrated by both DNA and RNA analysis, causing an in-

frame deletion which resulted in mild clinical features. The
most prominent clinical feature in this patient was growth
retardation. Facial features of CdLS were not distinctive.
Although she needed a special educational program for
her speech language disorder, intelligence was within the
normal range.

Although both prenatal and postnatal growth retardation
is a hallmark of CdLS, little is known about CdLS and GH
function. Schwartz et al (21), McArthur and Edwards (22),
and Abraham and Russell (23) published data on GH
concentration in 16 CdLS patients (see Table 1). Two patients
reported by Schwartz et al (21) were diagnosed with classic
GH deficiency. One of these well-nourished patient had low
serum IGF-1 values and discordant results on stimulation
tests, resulting in the conclusion that there was some degree
of end-organ resistance to GH. McArthur and Edwards (22)
and Abraham and Russell (23) measured GH concentration
in 11 patients using multiple methods. GH concentrations of
all patients were >14 pg/L.

In a more recent case series of 49 CdLS patients, 98
percent of the patients had heights below the 5™ percentile
compared to standard growth curves, but no tests for GH
were conducted (7). Our patient had both normal GH
concentrations after stimulation tests with arginine and
clonidine as well as normal IGF-1 serum values, thereby
excluding GH deficiency or insensitivity. The very high
serum IGF-1 concentrations on a regular GH dosage suggest
a form of IGF-1 insensitivity.

Although this case report suggests an appropriate growth
response to r-hGH in this patient, we acknowledge that she
has not achieved adult height yet. Still, our observation
suggests that short children with CdLS (mildly affected) may
be considered as candidates for r-hGH treatment.

Table 1. Overview of growth hormone test results in Cornelia de Lange syndrome patient

Author Year n Study method Results
McArthur and . . .
Edwards (22) 1967 2  Fasting GH concentration GH concentration of 10 pg/L and 4.5 pg/L
Abraham and o . . .
1968 2 Insulin-induced hypoglycemia All patient had GH concentration >14 pg/L

Russell (23)

7  Glucose tolerance test

Schwartz et al (21) 1990 5

GH stimulation tests with insulin and clonidine

Two patients with classic GH deficiency,
peak GH 2.4 and 4.5 pg/L

One patient with both low IGF-1 and
discordant stimulation results

GH: growth hormone, IGF-1: insulin-like growth factor-1
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