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Introduction

Niemann Pick-C type 2 (NPC2) usually present in early infan-
cy with organomegaly as the major phenotype attributed to an ac-
cumulation of lipid laden macrophages [commonly termed as Nie-
mann-Pick cells (NP cells)] in the liver, spleen, bone marrow, central
nervous system and also the lungs [1-3]. Though several studies have
been reported with mainly respiratory signs like interstitial pneumo-
nia, overloaded alveolar macrophages in alveolar spaces and walls in
a baby affected with NPC [1,2,4,5]. Here with we describe a case with
severe pulmonary involvement in two children died in childhood sus-
pected with surfactant protein deficiency and during third pregnancy
detailed genomic study of the family has revealed the cause due to
NPC2 gene mutation.

Case Report

A non-consanguineous couple was referred for genetic counsel-

ing during third gravida since their previous two children died due Figure 1B: Mother: Heterozygous c.141C>A (C47X) in exon-2 of NPC2 gene.
to respiratory distress at the age of 5 years and 8 months, respectively.

Figure 1A: CVS: Homozygous c.141C>A (C47X) in exon-2 of NPC2 gene. Figure 1C: Father: Heterozygous c.141C>A (C47X) in exon-2 of NPC2 gene.
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Table 1: Variant identified by clinical exome sequencing in a family with DIP.
Note: AR: Autosomal Recessive; Het: Heterozygous; Hom: Homozygous; NR: Not Reported; NGS: Next Generation Sequencing

The first full term child was born with normal delivery and a birth
weight of 3.49 kg. Respiratory difficulty was observed at 3 months
which progressed to severe cough and tachypnea. The child was sub-
jected to intensive care for bilateral bronchopneumonia without any
response to treatment. X-ray chest showed bilateral persistent consol-
idation. Though chest CT image of the child was not available with the
family as has been deposited in the hospital record. A water-soluble
contrast swallow test ruled out trachea-oesophageal fistula but gas-
trographine study showed gastro-esophageal reflux. He continued to
have tachypnea even after anti-reflux formula. Investigations includ-
ing an immunoglobulin test, barium meal study and bronchoscopy
were normal. Echocardiogram ruled out heart anomaly. He was on
anti-tuberculosis therapy for nine months.

Four months later, he was presented with breathing difficulty and
cyanosis. He was severely distressed and not responding to aggressive
treatment with nebulized salbutamol and ipratropium bromide in ad-
dition to intravenous hydrocortisone and aminophylline. He was on
ventilation for four days followed by a ten-day course of intravenous
antibiotics.

At the age of three years an interstitial lung disease was suspected.
Lung biopsy of the first child was performed which has shown plump
macrophages filling often distending all alveoli. The cells showed
abundant granular cytoplasm and small oval based nuclei. In some
areas alveolar septa were thickened due to significant lymphocyte in-
filtrate. In others, the alveolar septa were of normal thickness or even
thinner than normal. No traces of necrosis, hyaline membranes and
fibrin deposition were observed in alveoli leading to histological di-
agnosis of Desquamative Interstitial Pneumonitis (DIP). Since family
approached us after three years to know the cause, no paraffin blocks
or slides were available with them except a copy of histopathology re-
port. His health progressively deteriorated by 4 years and the child
finally succumbed to death by 5 years. The second female sibling also
had similar symptoms and died at 8 months without any detailed in-
vestigations except she was kept on ventilator due to severe respiratory
distress.

A genetic approach to the diagnosis of CHILD (CHILDREN IN-
TERSTITIAL LUNG DISEASE) has been reviewed by Nogee LM in
the elder child [6]. He recommended that the newborns with respi-
ratory distress syndrome and persistent pulmonary hypertension
should be evaluated for ABCA3, SFTPC and SFTPB mutations [6].
Since alteration in ABCA3 gene results in fatal surfactant protein de-
ficiency leading to early death. The mother under report (in absence

of affected live children) was initially investigated for ABCA3 gene
defect (both the coding exons and flanking intron-exon boundaries)
through bidirectional Sanger sequencing on ABI 3500. No sequence
variation/s was identified that could be associated to lung disease. Fur-
ther, sequence analysis of SFTPC gene (encoding surfactant protein C)
and SFTPB gene (encoding surfactant protein B) from both the par-
ents was performed by bidirectional Sanger sequencing on ABI3500.
No variant/s in either of the gene were detected that may explain the
cause of surfactant protein deficiency in the child.

During third gravida, extensive genetic investigations were car-
ried out. Clinical exome study of the parents was carried by selective
gene capture using custom capture kit. The libraries were sequenced
to 80 to 100X coverage on Illumina sequencing platform. Our study
has identified heterozygous nonsense variant c.141C>A (p. Cys47Ter)
of the NPC2 gene (OMIM*601015; NP_006423.1; NM_006432.4)
(Figure 1A) and bidirectional Sanger sequencing on Seq studio fur-
ther confirmed the variant in both parents (Figure 1B). Based on this
analysis, prenatal diagnosis was conducted on chorionic villi in third
gravida at 12 weeks. A homozygous mutation in exon-2 of NPC2 gene
(c.141C>A) was detected (Figure 1C). Thus, trio study has confirmed
the diagnosis as NPC2 in the third gravida fetus. The parents opted for
termination of pregnancy. The identified variant is reported as ‘patho-
genic’ in ClinVar database (RCV000020644) that results in protein
truncation (Table 1).

Discussion

The mutation ¢.141C>A (p.Cys47Ter), identified in present case
was previously observed in a child with alveolar proteinosis and is
now observed to be associated with another interstitial lung condi-
tion, namely DIP masking NPC further suggesting a likely common
hot spot mutation in children with NPC2 and pulmonary involve-
ment. Several groups have documented lethal and pronounced lung
involvement in NPC2 [1,2,5].

The case under study provides evidence for a novel possible eti-
ology of DIP due to NPC-2 mutation. The gene located at 14q24.3
encodes NPC2 protein [4] which works in conjunction with NPC1
to facilitate the transfer of cholesterol to other cell organelles that are
responsible for maintaining intracellular cholesterol homeostasis.
NPC2, localized in the lumen of lysosome binds to free cholesterol
and initiate a hydrophobic exchange of cholesterol with NPC1 pro-
tein. This is further involved in facilitating cholesterol transport to the
golgi apparatus, that further passes on to the plasma membrane or the
endoplasmic reticulum by an unknown mechanism [8].
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Therefore, NPC2 mutation likely results into a non-functional pro- 3.
tein and subsequent perturbed cellular cholesterol homeostasis. This
was demonstrated in a study in which cells transfected with mutant,
nonfunctional NPC genes exhibited cholesterol accumulation [9-11].
This indicates that mutations in the NPC genes may lead to lipid stor- 5
age dysregulation in lysosomes.

This report highlights the presentation of variable pulmonary ‘
manifestations with NPC2, draws attention to heterogeneity of pheno- ™
types, and accentuates the need for investigating NPC2 gene in cases
reported with histology of DIP without splenomegaly in the young 7-
children.
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