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Abstract
Background: Netherton syndrome (NS) is an autosomal recessive disorder due to 
mutations in the SPINK5 gene. Here, we report the first case of NS caused by a large 
genomic deletion.
Methods: We present the clinical data of a 3-year-old Chinese boy who was ini-
tially misdiagnosed with severe atopic dermatitis. Subsequently, the patient pre-
sented with typical ichthyosis linearis circumflexa and had representative hair shaft 
of trichorrhexis invaginate, which alerted the physician of the high possibility of 
NS. A genomic DNA sample was extracted from peripheral blood and whole-exome 
sequencing (WES) was performed. Sanger sequencing and quantitative real-time 
polymerase chain reaction (qRT-PCR) were performed to verify the mutation and 
genomic deletion, respectively, in the pedigree.
Results: WES revealed compound heterozygous mutations in SPINK5, includ-
ing a c.80A>G mutation and a ~275 Kb-sized genomic deletion (chr5:147443576-
147719312). The c.80A>G mutation was verified by Sanger sequencing in the 
pedigree. The father had the same heterozygous mutation; however, the mutation 
was absent in the proband's mother. The qRT-PCR results identified a large deletion 
(chr5:147444834-147445034) in SPINK5 in the proband and his mother. The erup-
tions improved remarkably after intravenous immunoglobulin (IVIG) therapy.
Conclusions: This is the first observation of NS caused by a large deletion. Our find-
ings have important implications for mutation screening and genetic counseling in 
NS. Our report also verifies and supports the safety and efficacy of IVIG therapy in 
patients with NS.
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1 |  INTRODUCTION

Netherton syndrome (NS, OMIM.256500) is a rare autoso-
mal recessive syndromic ichthyosis with an incidence of 1 
per 200,000 births (Smith et al., 1995). Clinical diagnosis is 
based on three main clinical findings: (a) ichthyosiform der-
matitis and/or ichthyosis linearis circumflexa with peculiar 
“double-edged” scales, (b) hair shaft defects with peculiar 
“trichorrhexis invaginate” (bamboo hair), and (c) atopic di-
athesis. Noticeable itching is often present (Sprecheret al., 
2001). NS is caused by mutations in the SPINK5 (serine pro-
tease inhibitor Kazal-type5) gene.

NS can be incorrectly diagnosed as atopic dermatitis (AD) 
due to the presence of eczematous skin lesions and allergic 
problems. Defects in the SPINK5 gene have been suggested 
to predispose to atopy in general. Previous studies have 
shown that SPINK5 polymorphisms, 1103A>G (Asn368Ser), 
1156G>A (Asp386Asn), 1258G>A (Glu420Lys), and 
2475G>T (Glu825Asp), are significantly associated with 
AD (Zhao et al., 2012).

SPINK5, a 73.29 kb-large gene comprising 33 exons, is 
located on chromosome 5q32. Mutation of SPINK5 can result 
in a loss of or reduced expression of the multidomain ser-
ine protease inhibitor LEKTI (lymphoepithelial Kazai-type-  
related inhibitor), which has been proposed to downregu-
late desquamation and matrix maturation (Raghunath et al., 
2004). To date, various mutation types have been identified, 
including missense/nonsense, splicing, and regulatory muta-
tions, as well as small deletions, insertions, and indels, and 
complex rearrangements, according to The Human Gene 
Mutation Database. However, large deletions have rarely 
been reported. Herein, we reported a patient with NS with 
compound heterozygous mutations in the SPINK5 gene, 
which consists of a c.80A>G mutation and a ~275 Kb large 
genomic deletion (chr5:147443576-147719312).

2 |  MATERIALS AND METHODS

2.1 | Ethical compliance

The patient's parents both signed informed consent before 
the study. This study was approved by the ethics committee 
of Xinhua Hospital, Shanghai Jiaotong University School of 
Medicine, and all procedures were according to the tenets of 
the Declaration of Helsinki.

2.2 | Patients

This study describes the clinical and molecular details of 
an NS patient presenting with AD-like eruptions and subse-
quently presenting with ichthyosis linearis circumflexa with 
peculiar “double-edged” scales (Figure 1).

2.3 | Whole-exome sequencing (WES)

To identify NS or other hereditary skin disorders, WES was 
performed in the proband. Genomic DNA samples were ex-
tracted from peripheral blood using the QIAamp DNA kit 
(Qiagen, Valencia, CA, USA) after collection of informed 
consent. We performed exome capture using Agilent 
SureSelect Human All Exon Kits (Agilent, Santa Clara, 
CA, USA) according to the manufacturer's instructions. 
Sequencing was performed on a HiSeq 2000 platform with 
read lengths of 100 bp. Approximately 5 billion bases were 
sequenced at a coverage of 100×. The sequencing reads were 
described according to the NCBI human reference sequence.

2.4 | Sanger sequencing

Sanger sequencing was used to confirm candidate mutations 
which were identified by WES. We designed primers flank-
ing c.80A>G in exon 2 of SPINK5 using Primer Premier 
5.0 software (primers available on request). All PCR prod-
ucts were purified with the QIAquick PCR Purification Kit 
(QIAGEN) and sequenced using an ABI PRISM3730 au-
tomated sequencer (Applied Biosystems, Foster City, CA, 
USA). Variants that were exclusively present in affected pa-
tients but absent in the family or in online databases, includ-
ing the 1000 Genomes Project,HapMap8, and dbSNP135 
were considered as pathogenic mutations.

2.5 | Quantitative real-time polymerase 
chain reaction (qRT-PCR)

RNA was isolated from the peripheral blood of the patient, his 
parents, and three healthy controls by the RNAzol method as 
described previously (Wong & Medrano, 2005). Subsequently, 
complimentary DNA was synthesized, followed by quantita-
tive PCR using the appropriate primer sets. The forward primer 
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was 5′—GCAATCAAGATGCTGCATTAA ATGG—3′ and 
the reverse primer was 5′—TGAACAGAAAAAGCAGGA  
CTAACCT—3′. The product size was 140 bp. The quanti-
tative PCR conditions were: denaturation at 94°C for 30 s, 
annealing at 55°C for30 s, and extension at 72°C for 1 min.

3 |  RESULTS

3.1 | Clinical data

A 3-year-old boy presented with generalized erythroderma 
scaly skin eruptions since birth. The eruption waxed and 

waned, but never completely cleared and subsequently de-
veloped to pruritic, erythematous lesions. He was born by 
caesarean section at full term from non-consanguineous 
healthy parents. The boy displayed failure to thrive during 
development. His parents did not have any atopic diseases 
including AD, allergic rhinitis, and asthma. The patient 
was diagnosed with eczema and used topical corticoster-
oids for two years, which temporarily helped the eruptions. 
Physical examination revealed generalized eczematous le-
sions (Figure 1a,b). His teeth, nails, and eyes were normal. 
Blood tests revealed an elevated absolute eosinophil count 
of 4,580×106/L (normal range, 50–300 × 106/L) and a high 
IgE level of 35,200  IU/ml (normal range, 0–100  IU/ml). 

FIGURE 1  (a,b) Atopic dermatitis-like skin manifestations in the patient. (c) Sparse eyelashes and eyebrows and diffuse scaling with short brittle 
hair. (d,e) Ichthyosis linearis circumflexia. Erythematous, serpiginous migratory plaques that have a characteristic of double-edged scale at the margin of 
the erythema. (f) Electron microscopy showing bamboo-like nodules on the hair shaft. (g–i) The eruptions improved remarkably after treatment with IVIG
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Serum levels of immunoglobulins (IgA, IgG, IgM) were all 
within normal limits. A diagnosis of severe AD was made. 
Consequently, we used topical corticosteroids and intrave-
nous immunoglobulin (IVIG) therapy (two doses, 1  g/kg). 
The eczematous eruptions improved remarkably. However, 
a small area of new lesions showed ichthyosis linearis cir-
cumflexa with peculiar “double-edged” scales, which alerted 
the physicians of a high possibility of NS. Therefore, WES 
was performed to exclude NS or other hereditary skin dis-
orders. Meanwhile, we reviewed the manifestations of the 
patient. Scalp examination revealed that the eyelashes and 
eyebrows were sparse with diffuse scaling with short brit-
tle hair (Figure 1c). Skin examination revealed generalized, 
polycyclic scaly erythematous plaques with double-edged 
scaling (Figure 1d,e). Microscopic examination of clipped 
hair from the scalp found bamboo hair with a ball-and-socket 
appearance (Figure 1f). These were highly compatible with a 
clinical diagnosis of NS.

3.2 | Gene sequencing

WES revealed compound heterozygous mutations in the 
SPINK5 gene, one being c.80A>G (NM_006846) encoding 
p.Gln27Arg and the other being a ~275  Kb large genomic 
deletion (chr5:147443576-147719312). The c.80A>G muta-
tion was verified by Sanger sequencing in the proband and 
his father. However, the mutation was absent in the proband's 
mother (Figure 2).

3.3 | qRT-PCR results

To verify whether the proband and his mother had the dele-
tion, we performed qRT-PCR for exon 2 (which was con-
tained in this ~275 Kb-size deletion) of SPINK5. CT values 
were compared with that of ALB by the relative quantifica-
tion system. The proband and his mother showed the dele-
tion (chr5:147444834-147445034) in exon 2 of SPINK5   
(Figure 3). Therefore, the patient was confirmed to be NS 
with one mutation, c.80A>G, from his father and one dele-
tion, chr5:147443576-147719312, from his mother.

3.4 | Treatment

He was given IVIG therapy of 500  mg/kg per month for 
2 months after the final diagnosis of NS. The eruptions im-
proved remarkably after treatment (Figure 1g–i).

4 |  DISCUSSION

NS has many similarities to AD. These include a frequent 
eczematoid appearance, elevated IgE levels, and onset in 
infancy, decreased delayed hypersensitivity responses in 
some patients, frequent pyogenic superinfection, concomi-
tant respiratory allergies, and possible exacerbation by food 
allergens (Bellon et al., 2020; Kilic et al., 2006). Although 
rare, when evaluating patients with a possible diagnosis of 

F I G U R E  2  (a) Compound 
heterozygous mutations in the pathogenic 
SPINK5 gene, of p.Gln27Arg on one 
allele and a ~275 Kb-sized deletion 
(chr5:147443576-147719312) on another 
allele in the proband, (b) heterozygous 
mutation of c.80A>Gin SPINK5 in the 
father, (c) c.80A>G in SPINK5 was absent 
in the proband's mother
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AD, NS should also be considered as a differential diagnosis. 
Diagnosis of NS may be delayed because the pathognomic 
trichorrhexis invaginata or ichthyosis linearis circumflexa 
often does not become evident until after the first year of life 
(Utsumi et al., 2020). As the patient in our study was initially 
misdiagnosed with AD for 3 years, this case alerts physicians 
that overall clinical history, especially the age of onset, is 
very important to make a differential diagnosis between AD 
and NS. Furthermore, examination of hair in patients with 
severe AD-like eruptions combined with short brittle hair and 
failure to thrive will aid in the diagnosis.

In genetic counseling of autosomal recessive diseases, par-
ents of patients are normally informed about the Mendelian 
principle that both parents are asyptomatic heterozygous car-
riers and the risk of recurrence is 25% in subsequent pregnan-
cies. Considering the autosomal recessive inheritance pattern 
of NS, when the proband shows typical clinical manifesta-
tions and mutations in both alleles, one of the parents has a 
heterozygous mutation, while the other has normal sequence. 
The possible explanations for this occurrence include: (a) 
complete parental or maternal isodisomy, (b) deletion in one 
allele in the mother/father, (c) spontaneous deletion in one 
allele of the proband, and (d) exclusion of paternity (Chao 
et al., 2005). This patient is unique in being the first patient 
with NS diagnosed by a large deletion in chromosome 5q32. 
Hachem JP et al reported two patients with a complete gene 
deletion of SPINK5, but the details of the deleted region were 
not described in the literature (Hachem et al., 2006). Clear 
genotype-phenotype correlations have not been made in NS.

There is no cure or satisfactory treatment currently avail-
able for NS. Treatment may include topical emollients, 
glucocorticoids, calcipotriol, narrowband UVB photother-
apy, proralen-UVA photochemotherapy, and retinoids, with 
variable effectiveness. Topical therapies are limited by their 
potential for systemic absorption (Ng et al., 2014). Topical 

calcineurin inhibitors (tacrolimus and pimecrolimus) has 
been suggested effective in patients with NS in some stud-
ies, and mostly well-tolerated (Oji et al., 2005; Saif &   
Al-Khenaizan, 2007). However, caution is needed when 
using topical calcineurin inhibitors and close monitoring 
through repeated blood drug levels is warranted to assure that 
no significant absorption has occurred. Because patients with 
NS may be particularly vulnerable to increased percutaneous 
absorption owing to a defective epidermal barrier, it is rec-
ommended to monitor the blood drug level closely. Although 
systemic absorption of topical tacrolimus in NS has been 
reported, some patients may tolerate it without this occur-
rence. The lesser epidermal permeation in comparison with 
tacrolimus may offer an added advantage in patients with 
NS (Oji et al., 2005; Saif & Al-Khenaizan, 2007). Biologics 
targeting IL4/IL13 (Dupilumab) (Steuer & Cohen, 2020), 
IL23 (Ustekinumab) (Volc et al., 2020), IL17 (Secukinuma, 
Ixekimab) (Claire et al., 2020; Luchsinger et al., 2020), and 
TNF-α (Infliximab) (Fontao et al., 2020) have been reported 
as effective in some patients with NS. Treatment with IVIG 
was beneficial in seven patients with NS to date, although its 
immunomodulatory mechanisms are not understood (Renner 
et al., 2009; Small & Cordoro, 2016). The skin lesions in our 
patient also improved after IVIG therapy. IVIG is produced 
by cold ethanol fractionation of pooled donor plasma and is 
considered both safe and effective for some pediatric patients 
with severe treatment-refractory AD. A previous review re-
vealed improvements in 61% of AD patients treated with 
IVIG (Jolles, 2002). Previous studies have also reported sub-
cutaneous immunoglobulin substitution (SCIg) was effective 
in some patients with NS and revealed that SCIg appeared to 
be a suitable and safe alternative in patients with generalized 
skin diseases associated with primary immunodeficiencies 
and difficult intravenous access (Zelieskova et al., 2020). 
Further understanding of the underlying pathophysiology of 
integumentary changes will lead to more effective treatment 
in NS.

In conclusion, we report the detection of compound het-
erozygous mutations, a c.80A>G mutation in SPINK5 in one 
allele and a ~275 Kb large deletion in the other allele, in a 
3-year old boy with NS. After IVIG therapy, the eruptions 
were improved remarkably in this patient. However, care-
ful and long-term follow up is necessary. Our findings have 
important implications for mutation screening and genetic 
counseling in NS. Our report also verifies and supports the 
safety and efficacy of IVIG therapy in patients with NS.
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