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Case report

Sotos Syndrome and Nephrocalcinosis, a Rare But Possible Association due to Impact
on Contiguous Genes
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What is already known on this topic? What this study adds?
Up to 15% of patients with Sotos Syndrome present renal disorders, the most common of which is vesicoureteral

However, nephrocalcinosis is a less common clinical disorder reported only in cases of Sotos Syndrome due to deleti at includes
SLC344 and other genes, associated with phosphate wasting and hypercalciuria.

In these patients, delayed growth and impaired kidney function are possible and long-term follow-up is re

Abstract

One-month old breastfeeding infant, full-term birth, with normal anthropometric measu: ediatric Nephrology
due to a nephrocalcinosis. The patient presents dysmorphic features and heart disease. A i i dueted on blood and urine
yielding results within normal parameters, except for renal concentration test and acidificatie g, patient presents
overgrowth, which along with other clinical signs arouse suspicion of Sotos Syndrome. ag genetic testing detects heterozygous

deletion in 5q35 between bands q35.2 and q35.3, affecting genes NSDI, SLC34A41 and
with nephrocalcinosis as a rare association.
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Introduction

Sotos Syndrome is a dominant autosomal heged ase With a prevalence of approximately 1 in 14,000 newborns'?. It is characterized
n ing disabilities®. Actually, it is a multisystemic disorder and up to 15 % of patients
which reteral reflux. Most cases present point mutation in gene NSDI; a de novo
ings in European patients show 10-15 % microdeletion of 5q35 affecting this gene, as detected
jonal circumstance in this patient is the presentation of genetically confirmed Sotos

1 disorder, nephrocalcinosis, which can be explained by the alteration of contiguous

present renal disorders, the most co:
mutation in over 95 % of cases. Cli
in the clinical case discussed hergi
Syndrome in association with a 1
genes included in the deletion

ediatric Nephrology due to a finding of bilateral medullary nephrocalcinosis in an ultrasound
conducted at one mont atient was born from a controlled pregnancy without incident, with normal prenatal echographic

controls, from

life due to hypoglucemia, developing histologically confirmed eosinophilic colitis symptoms at 8 days of life and
10 days of parenteral feeding. During his hospital stay, the patient received aminoglycoside treatment.

ediatric Cardiology due to ostium secundum atrial septal defect without hemodynamic compromise, patent ductus

monary valvular stenosis, and in Pediatric Neurology due to mild hypotonia and subtle dysmorphic features (broad

frontotemporal hair, long and narrow face, single transverse palmar crease, scaphocephaly and anteverted nares), presenting

al ophtalmological examination.

the presence of bilateral nephrocalcinosis and the patient's history, the study is started with a proposal for an initial differential
gnosis involving the context of the syndrome, a renal condition and/or a multi-factor etiology due to associated neonatal comorbidity. A
etabolic study is conducted on blood and urine with normal results, including thyroid hormones, lactate, pyruvate and organic acids,
although a gradual decrease of blood phosphate levels is observed, reaching values even lower than the reference values for the patient's age,
with phosphate reabsorption and normal fibroblast growth factor 23 (FGF23) values inappropriate for phosphatemia, along with an increase
of 1,25 (OH), vitamin D3 and parathyroid hormone (PTH) in low-normal range, appropriate for serum calcium levels, within the upper end
of normalcy (Table 1). Normal proteinuria results, including tubular proteinuria. Initially, renal function shows increase of cystatin C and
NAG values and abnormal renal concentration test results after stimulation with desmopresin, reaching maximum urinary osmolality of 307
mOsm/Kg (normal value > 562 mOsm/Kg), as well as altered renal acidification capacity, reaching a maximum pCO2 of 54 mmHg after
stimulation with bicarbonate and acetazolamide (normal value > 70 mmHg).



At four months of age, patient presents Escherichia Coli urinary tract infection with fever, with normal cystourethrogram, while the renal
gammagraphy shows right kidney hypodysplasia with no associated cortical lesions. At six months, overgrowth is detected: weight +2.50
SD, height +2.63 SD and head circumference +2.38 SD. However, the anthropometric values gradually return to normal; bone age
corresponds to patient's age and no associated skeletal disorders are observed.

Sotos Syndrome is suspected due to clinical observations of dysmorphic syndrome, overgrowth and heart disease; on association of
nephrocalcinosis, an expanded genetic study is requested to search for microdeletions that affect genes other than gene NSD! due to
contiguity. The FISH test reveals absence of hybridization signal in one of the locus of Sotos Syndrome in chromosome 5, with a normal
pattern in the parents (Figure 1). Additionally, oligo-array CGH confirmed de novo deletion of approximately 2 Mb in 5q35.2q35.3 (from
175,580,042 to 177,386,153 bp) in the patient, as oligo-array CGH using maternal versus paternal DNA yielded a normal hybridization
profile, including genes SLC34A41 and FGFR4 in this range, among others. (Figure 2)

At 4 years, oral phosphate was prescribed, with poor tolerance, so he finally began thiazides due to improvement in serum calcium levels. In
the last assessment at 7 years of age, weight and height are -0.07 SD and +0,44 SD, respectively, with normal growth rate (-0.7 SD) and I

1 and IGFBP3 values within a normal range for the patient's age. Bilateral medullary nephrocalcinosis persists, with renal asymmetry (ti
kidney, 50-75" percentile and left kidney > 95th percentile), and the abnormal test results described in Table 1 above, along with mild
hypercalciuria, although there is an improvement in phosphate levels and normalization of renal function tests. Cardlologlcal evaluatlo
shows continuation of mild patent ductus arteriosum without other findings. From a neurologlcal point of view, the patient is sti
cognitive and communication stimulation and psychomotor retardation is improving; cow's milk protein challenge has been
tolerance is good.

Discussion:

The NSD1I gene is the only gene currently known to cause Sotos Syndrome. Among European patients with typical fi
syndrome, up to 15 % present 5q35 microdeletion that affects that gene, and associated disorders may appear whe
other genes>*. There is no genotype phenotype correlatlon in this syndrome but in cases due to 5q35 mlcrodeletlon

syndrome®. This last gene encodes an important renal phosphate carrier (NaPi-Ila) and mut
Nephrolithiasis/osteoporosis, hypophosphatemic 1 (OMIM#612286), Fanconi reno-tubula
infantile 2 (OMIM# #616963). Recessive mutations of this gene have been associated
rickets, as well as familial cases of hypophosphatemia and nephrocalcinosis”®. On the d

in the same gene as a cause for idiopathic hypercalcemia in familial and sporadi iningfthe hypercalcemia with the suppression of
FGF23 caused by hypophosphatemia, caused in turn by inactivation of the rg 3 er NaPi-Ila'!. Their results suggested that
supplementation with oral phosphate could help correct calcium SLC34A41 mutation, although this treatment was
not tolerated in our patient.
More recently, overlapping phenotypes associated with SLC34A41, mutations have been described, and that not all
the patients showed 1rnpr0vements in hypercalcmna and nephroc CIno. i provement in hypercalcemia and 1,25 (OH), vitamin D3
wasting with advancing age has been observed, which

1 time, and other studies found impaired kidney function at
ggesting the need for long-term follow-up of these patients.'*!>
odeletion with impact on gene NSD/ and FGF receptor gene 4
ansient hypercalcemia but no nephrocalcinosis'®. This study proves
the existence of a change in the molecular profi pression of FGF receptors (FGFR) during human renal development and that the
expression of FGFR4 decreases with age. T : hat the heterozygous microdeletion detected causes inactivation of this

i development, thus affecting calcium homeostasis, mainly mediated by

may reﬂect the decreasing 1mportance of NaPi- Ha for phos
a mean age of 23.8 years, even in subjects with a heterozyg
Mutsaers et al, 2014, described a case of Sotos Syndrome d

purpose includes decreasing 1,25 ( in D3 and the levels of PTH to achieve a negative balance of calcium, which cannot be
achieved when this signaling pa
Considering the complex regulati
results of our patient, which.sh intact FGF23 values, we think that the damaged signaling pathway caused by the alteration of gene
FGFR4 may activate 1, , thus favoring the appearance of hypercalcemia and hypercalciuria. In addition, this alteration of
FGFR4 could also cor pappropriately normal FGF23 level, which may in turn inhibit the expression of renal carriers NaPi of

the proximal tubule th

, it is another ma_]or stimulus for the increase of 1,25 (OH), vitamin D3'!®, On the other hand, the normalization
nd renal water handling suggest a relationship with neonatal kidney injury and aminoglycoside treatment.

wth decreased in the last period after an initial increase, possibly explained by the various alterations of genes, as
in hypophosphatemic syndromes is common, although not constant and variable, and the regulatory action of FGF23 on bone

sion, nephrocalcinosis is a phenotypic characteristic reported in cases of Sotos Syndrome due to deletion that includes SLC344 and
, associated with phosphate wasting, hypercalcemia, hypercalciuria and elevated 1,25 (OH), vitamin D3 levels. In these patients,
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Table 1. Progressed analytical data of the patient.

Age 1 m 2y 4y 6y Ty

Plasma (reference values in parentheses)

Cr [mg/dl]

(0.32-0.59) 0.34 0.34 0.46 0.59 0.55

Cystatin C [mg/L] i

(0.62-1.11) 2 0.62 1.02 0.96

Urate [mg/dl]

(2.2-45) 24 2.7 -

Ion Ca [mg/dl]

(4.6-5.3) 5.8 5.5 5

Phosphate [mg/dl]

(4.1-5.9) 5.3 3.9 39

Magnesium [mg/dl]

(1.6-2.6) 2.1 2.0 1.8

AP (U/L)

(142-335) 500 335 302

PTH [pg/ml]

(11-60) 14 24 14

25 (OH) VitD3

[ng/ml] - 42 39

(17-49)

1,25(0OH), VitD3

[pg/ml] - 249 -

(45-102)

Intact FGF23 [pg/ml] 513 }

(36+18) )

pH, R

(7.35-7.45) 7.37 7.37 7.38

Bicarbonate (mEq/L)

(20-26) - 25 22 23

Urine (reference values in parentheses)

pH. 7.5 7 7.5

Ca/Cr [mg/mg]

(<0.20-0.28) 0.52 0.28 0.26 0.25

Citrate/Cr [mg/g]

(> 250-420) 706 307 172 314

Ca/citrate [mg/mg]

(<0.33) 0.74 0.92 1.49 0.58

Oxalate/Cr

(mg/g) 50 - 41

(<110)

Prot/Cr [mg/mg]

. 0.18 0.18 0.11 0.11
15 - 3 3
90 79 80 88
3.62 3.1 2.3 35
1.10 1.20 0.91 0.98
- month. Y: years. Cr: creatinine. Ca: calcium. AP: alkaline phosphatase. PTH. parathyroid hormone. 25(OH)vitD3: 25-

hydroxyvitamin D3. 1,25(OH)2vitD3: 1,25-dihydroxyvitamin D3. pHp: plasma pH. pHu: urine pH. Prot/Cr: protein/creatinine

ratio. TRP: tubular reabsorption of phosphate. 7P/GFR: tubular reabsorption of phosphate per dl of glomerular filtrate. V/GFR:

urinary volume per dl of glomerular filtrate.




Figure 1. A.- FISH of the patient with probe combined for the loci of de Cri-du-chat (UBE2QLI, 5p15.31; CTNND2, 5p15.2) and Sotos
(NSD1, 5q35) Syndromes. The signals in Sp15 are present in both chromosome 5 pairs. The arrow shows lack of hybridization of the NSD1
clone (green) in one of the chromosome 5 pairs. B and C.- FISH of the father and mother, respectively, with the same probe. Both
chromosome 5 pairs show signals both in 5p15 and 5935




Figure 2. A.- Oligo-array CGH of the patient, showing an enlargement of the deleted region (red bar) in chromosoma 5. B.- Oligo-array CGH

of the same region in chromosome 5 after comparing the DNA of the parents, illustrating a normal result
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Figure 3. The damaged signaling pathway due to an alteration of gene FGFR4 could cause an activation of PTH and 1,25 (OH)2 vitamin D3,
due to stimulus of enzyme 1o hydroxylase and the lowered expression of 24 hydroxylase, thus favoring hypercalcemia and hypercalciuria. In
addition, this alteration of FGFR4 may also contribute to the inappropriately normal FGF23 level, which through binding to FGFR1 would
decrease tubular reabsorption of phosphorus into the proximal tubule, exacerbating the hypophosphatemia associated with renal loss due to
the inactivation of the NaPi-1la carrier. Hypophosphatemia would be another major stimulus for the increase of 1,25 (OH)2 vitamin D3,
although with a negative impact on the production of FGF23 and PTH
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