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A B S T R A C T   

Interstitial Lung disease, Nephrotic syndrome and Epidermolysis Bullosa, also referred to as ILNEB syndrome is 
an extremely rare autosomal recessive condition, caused by pathogenic variants in ITGA3. 11 patients have 
previously been diagnosed with ILNEB syndrome of whom 7 died in infancy or early childhood. We report the 
only patient with ILNEB syndrome who survived past adolescence, partly due to a double lung transplant. 
Additionally, our patient showed oral, nasal and gynecological symptoms not previously reported in patients 
with ILNEB syndrome.   

1. Introduction 

Interstitial Lung disease, Nephrotic syndrome and Epidermolysis 
Bullosa, also referred to as ILNEB syndrome (OMIM#614748) is an 
extremely rare autosomal recessive condition, caused by pathogenic 
variants in ITGA3. The integrin α3 subunit gene (ITGA3, 
OMIM#605025) is expressed in developing lung epithelium, kidney 
podocytes and skin epidermis (Kreidberg et al., 1996) and has been 
shown to play a crucial role in the maintenance and integrity of 
epithelial human organs (Jones et al., 1998; Shukrun et al., 2014; 
Winograd-Katz et al., 2014; Has et al., 2012; Yalcin et al., 2015). To this 
day, 11 patients have been reported with ILNEB; of which, seven pa-
tients had pathogenic variants in ITGA3, all with a fatal outcome in 
infancy or early childhood (Has et al., 2012; Yalcin et al., 2015; He et al., 
2016; Nicolaou et al., 2012; Sondermann et al., 2021; Tarur et al., 2020; 
Okamoto et al., 2021). Colombo et al. reported of two older siblings, who 
was compound heterozygous in ITGA3, diagnosed with ILNEB without 
nephrotic impairment (Colombo et al., 2016) (Table 1). 

In this paper we report the first patient surviving to adulthood, with 

novel biallelic pathogenic missense variants in ITGA3, resulting in 
ILNEB syndrome. The patient has symptoms in accordance with ILNEB 
syndrome. However, we report gynecological, oral and nasal symptoms, 
broadening the phenotypic spectrum of this rare condition. 

2. Case presentation 

The index patient (P1) is a girl and the first child of four, from non- 
consanguineous parents. The father is of Caucasian and the mother of 
mixed Asian and Caucasian origin. P1 was born after a normal preg-
nancy and subsequent uneventful birth. P1 had normal cognitive and 
psychomotor development and is currently 22 y and is taking a higher 
preparatory exam. 

2.1. Dermatological manifestations 

At 3 y of age, P1 was referred to a dermatologist with numerous 
annular, slightly indented areas of scarring alopecia of the scalp (up to 3 
cm in diameter). She had congenital absence of her eyebrows, 
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Table 1 
Comparison of clinical manifestations of published ILNEB cases.  

Year of 
submission 
(ref) 

Detected ITGA3 variants Nephrological manifestations 
(debut age) 

Respiratory 
manifestations (debut age) 

Dermatological manifestations 
(debut age) 

Cause of death 
(age) 

Other relevant findings 

2012 Has c.1173_1174del,p.(Pro392Valfs*2) Congenital nephrotic 
syndrome, peritoneal dialysis 
(day 13) 

Respiratory distress (At 
birth) 

Blisters and skin fragility. Nail 
dystrophy. Sparse hair. (3 
months) 

Pulmonary 
infection (7.5 
months) 

No mucosal involvement. Normal scalp hair, 
eyebrows and eyelashes. Hypoplastic kidney. 

2012 Has c.1538-1G > A Congenital nephrotic 
syndrome, peritoneal dialysis 
(6 weeks) 

Respiratory distress (2 
days) 

Persistent skin erosions 
(1–2months) 

Multiple organ 
failure (2 months) 

Renal dysplasia. 

2012 Has c.1883G > C, p.Arg628Pro Focal segmental 
glomerulosclerosis (5 moths) 
Peritoneal dialysis (17 months) 

Respiratory distress, 
aspiration pneumonia (2 
months) 

Blisters, epidermolysis bullosa. 
Nail dystrophy (4 months) 

Multiorgan failure, 
infection (19 
months) 

Unilateral renal hypoplasia, left kidney. 

2012 Nicolau c.1045G > T,p.Ala349Ser Congenital nephrotic syndrome 
(Unknown) 

Respiratory distress (At 
birth) 

None Respiratory 
insufficiency (7 
months)  

2015 Yalsin c.1387C > T, p.Arg463Trp Congenital nephrotic syndrome 
(6 weeks) 

Respiratory distress (7 
days) 

Nail dystrophy Sparse hair. Pulmonary 
infection (6.5 
months) 

Crossed fused renal ectopia 

2016 He c.1383-11T > A, p.(461_462insLCR***) Congenital nephrotic syndrome 
(4 months) 

Respiratory distress (4 
months) 

Blisters (Unknown) Acute respiratory 
deterioration 
(unknown)  

2016 Colombo c.373G > A, p.(Gly125Arg) and c.821G >
A, p.(Arg274Gln) 

– Recurrent respiratory 
infections. Severe air 
trapping. (7 y) 

Skin vesicles. Sparse eyebrows, 
eyelashes and fine hair. 
(Unknown) 

– IUGR, oligohydramnios. Preterm birth. 
General growth delay. 

2016 Colombo c.373G > A, p.(Gly125Arg) and c.821G >
A, p.(Arg274Gln) 

– PFT shows air trapping.(5 
y) 

Multiple erosions of skin. Sparse 
eyebrows and eyelashes. 
Erythematosus lesions on cheeks. 
(1–2 y) 

– Marked skin atrophy with focal areas of 
hypo/hyperpigmentation on neck and limbs. 
Bicuspid aortic valve and a mild mitral 
insufficiency. 

2020 Tarur c.1825-1, G > A, p.(Val609SerfsTer31) Nephrotic syndrome (4 y) Interstitial lung disease (9 
y) 

Blistering skin with scarring (2 y) – Excessive tearing. Growth retardation. 

2020 Okamoto c.1226T > G, p.(Leu409Arg) and 
c.1442_1451dupACCCTGCACT, p.Cys- 
485Profs*40 

Congenital nephrotic syndrome 
(4 months) 

Interstitial lung disease 
(At birth) 

Fragile and blistering of the skin 
(At birth) 

– Kidney transplantation (4 y) 

2021 
Sondermann 

c.1922+1G > A and c.3021delG, p. 
(Leu1008Ter) 

Congenital nephrotic syndrome 
(4 months) 

Children Interstitial Lung 
Disease (chILD) (At birth) 

Skin frailty, blistering and 
erosions (4 months) 

Pulmonary 
infection (4 y) 

Multicystic kidneys 

2021 Alstrup 
(This report) 

c.317T > G, p.(Met106Arg) and c.644C >
G, p.(Pro215Arg) 

Nephrotic syndrome (5 y) Interstitial Lung disease. 
Recurrent respiratory 
infections. (10–18 y) 

Blister/bullae of both crus. Sparse 
hair, alopecia areata. 
Erythematosus lesions on cheeks. 
(9 y) 

22 y old and alive in 
2021. 

Oral, nasal and vaginal synechia, erosions 
and agglutination.  
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telangiectasia, exanthema and speckled pigmentation of the cheeks, 
short and thin eyelashes, and enamel hypoplasia was noted (Fig. 1A/C). 
Furthermore, she had thin skin and thickened blue nails from birth 
developing atopic dermatitis later. At the age of 9 y the skin condition 
worsened, with the addition of oral ulcerations and blisters, sun sensi-
tivity, poikiloderma, hyperpigmentation of dry fragile atrophic skin of 
the lower legs and dorsal part of the hands and underarms, ridged nails 
with slight koilonychia and dystrophy of the first toenails. Frequently 
occurring bullae located on lower legs (up to 5 cm in diameter) (Fig. 1D). 
The ruptured bullae, had prolonged re-epithelialization periods, deep 
ulceration and was susceptible to recurrent skin infections. Dermatolo-
gists suspected various conditions, including fixed drug eruption, cuta-
neous lupus erythematosus, and Kindlers syndrome, but all differential 
diagnoses were rejected. Multiple skin biopsies were performed, 
demonstrating both mild dermatitis, subepidermal bullae, low degree of 
inflammation, lack of adhesion between the epidermal and dermal layer 
and negative immunofluorescence (IMF). Hence epidermolysis bullosa 
(EB) was suspected. P1 tried various topical, systemic, biological and 
conservative treatments. To this day, P1’s treatment is purely 

symptomatic, and she still suffers from fluctuating degrees of the above- 
mentioned symptoms. 

2.2. Nephrological manifestations 

At 5 y of age, P1 was diagnosed with asymptomatic proteinuria and 
was referred to a pediatrician. Urine test strips continuously revealed 
proteinuria and occasionally hematuria. Glomerular Filtration Rate 
(GFR) was 105% of expected and serum creatinine was normal. Ultra-
sound, radioallergosorbent test (RAST) and chrome-EDTA clearance 
were normal. However, 24-h urine collection revealed proteinuria, with 
>2 g daily. Initially Alport’s syndrome and systemic lupus erythema-
tosus was suspected. First kidney biopsy showed nephritis, abnormal 
basement membrane with immunoglobulin and complement deposition. 
Second and third biopsy showed focal and segmental glomerulosclerosis 
with full-house immunofluorescence compatible with SLE and ISN/RPS 
Class III lupus nephritis, however multiple negative test for ANA, ANCA 
and anti-DNA made the diagnosis of SLE unlikely and genetic testing 
ruled out Alport’s syndrome. She was referred for a second opinion at 

Fig. 1. (A) Shows absent eyebrows, sparse hair, 
telangiectasia, exanthema and speckled pigmenta-
tion of the cheeks, short and thin eyelashes. (B) 
Shows a computed tomographic scan of the chest, 
during expiration, obtained at the age of 15 y 
revealing bronchiectasis with peribronchial wall 
thickening and airtrapping. (C) Shows pitting 
enamel hypoplasia ranging from small circular 
pinpricks to larger irregular depressions. (D) 
Shows an image of P1′s lower legs at the age of 17 
y. Dry fragile atrophic skin of the lower legs with 
healing erosions caused by blistering of the skin. 
Patchy areas of hemorrhagic dermatitis-like lesions 
and scarring is also evident. (1) Electron micro-
scopy x 2500 from native percutaneous renal bi-
opsy showed evidence of glomerular sclerosis, 
patchy podocyte foot process effacement with 
highly abnormal glomerular basement membrane 
with thickening, lamellation and focal ‘basket- 
weave’ type appearance without subendothelial or 
subepithelial electron dense deposits. (2) Micro-
scopy x 5 of lung epithelium showing a combined 
picture off cellular and fibrosing Non-Specific 
Interstitial Pneumonia (NSIP).   
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the age of 15 y to Great Ormond Street Hospital for Children NHS 
Foundation Trust (GOSH). Repeat percutaneous renal biopsy revealed 
approximately 5% of the cortical area showing irreversible chronic 
changes of tubular atrophy, interstitial fibrosis, areas with prominent 
foam cells and many of the glomeruli showed some patchy capillary wall 
thickening and approximately 50% showed segmental sclerotic lesions 
varying in size, some of which were multifocal (Fig. 1.1). The blood 
vessels and tubulointerstitial compartment were unremarkable. Immu-
nostaining was negative for IgA, IgG and C3 with granular capillary loop 
IgM deposition and some patchy mesangial C1q. Electron microscopy 
showed glomeruli with glomerular sclerosis, patchy podocyte foot pro-
cess effacement but no subendothelial or subepithelial electron dense 
deposits. The glomerular basement membrane was highly abnormal 
with thickening, lamellation and focal ‘basket-weave’ type appearance 
with features of glomerulosclerosis associated with underlying colla-
genopathy. Since the age of 5 y, P1 has received systemic corticosteroids 
and pulsed intravenous corticosteroid treatment, azathioprine, myco-
phenolate mofetil and three courses of intravenous rituximab. Her kid-
ney function reached an equilibrium of P-creatinine fluctuating between 
150 and 250 μmol/l, eGFR of 30–50 ml/min/1.73m2 and proteinuria of 
3–4g/daily, stationary as of today. 

2.3. Pulmonary manifestations 

At the age of 10 y, P1 developed increased dyspnea during physical 
activity and nocturnal dry cough. Initial pulmonary function test (PFT), 
revealed severely reduced combined restrictive and obstructive patterns 
with no reversibility (FEV1 = 44%, FVC = 72%) but with a normal 
diffusion capacity (DLCO), 80% of predicted. Thoracic CT scan revealed 
significant bronchiectasis with peribronchial wall thickening, mosaic 
pattern and airtrapping (Fig. 1B). Based on clinical symptoms, PFT and 
CT scan a bronchoscopy with bronchoalveolar lavage (BAL) and lung 
biopsy were performed. BAL and bronchoscopy were normal (apart from 
colonization with Pseudomonas Aeruginosa), however lung biopsy 
revealed bronchiectasis, smooth muscle hyperplasia, only slight accen-
tuated basement membrane and slight asymmetrical bronchiolar fibrosis 
(Fig. 1.2). Additionally, noticeable lymphatic hyperplastic cells, with 
occasional areas of lymphoid follicles. The alveoli were normal with no 
sign of inflammation or fibrosis and pleura was also without fibrosis. 
Over the following years P1’s pulmonary function slowly dwindled, 
refractory to conventional therapy and different treatment strategies. 
Apart from conventional “asthma-therapy” and ad hoc antibiotics, 
courses of systemic pulse and oral corticosteroids, mycophenolate 
mofetil and long-term prophylactic azithromycin were prescribed 
without any significant improvement in pulmonary status. By the age of 
17 y, P1’s PFT had dropped further (FEV1 = 20%, FVC = 40%), but the 
DLCO was close to normal (71%). At that point P1 required continuous 
nocturnal oxygen therapy and was equipped with a Non-Invasive 
Ventilation (NIV) machine. Furthermore, she was put on the lung 
transplant waiting list. By the age of 18 y, P1 received continuous ox-
ygen therapy based on PFT (FEV1 = 9%, FVC = 15%), severe dyspnea 
and nocturnal hypercapnic episodes. P1 had recurrent long admissions 
with refractory respiratory infections and episodes of septicemia. P1 
became cachectic and alternating between the pulmonary medicine 
department, the ICU and hospice. P1 was removed from the lung 
transplant waiting list based on her poor medical status and was tube 
feed, had multiple therapeutic thoracentesis, diagnostic and interven-
tional bronchoscopies for identification of infections, mucus removal 
and clearing of airways. P1 was intubated and later required tracheos-
tomy. P1 recuperated and had, shortly before she turned 19 y, a double 
lung transplant performed. Explanted lungs showing cellular and 
fibrotic nonspecific interstitial pneumonia pattern (NSIP). Four years 
later, no lung allograft rejection has been demonstrated. Currently, PFT 
shows and FEV1 of 67% and FVC of 80% of predicted values. 

2.4. Gynecological, oral and nasal manifestations 

Concurrent with dermatologic, nephrological and pulmonary 
symptoms. P1 had, at 2 y of age, debut of regularly bloody, purulent 
white/yellowish vaginal discharge. Vaginoscopy and colposcopy 
revealed severe vaginal changes, including; white, atrophic, porous 
vaginal wall with multiple synechiae, agglutination, contact bleed and 
fibrin covered areas. MR and ultrasound scan were normal, and P1’s 
condition was monitored under watchful waiting. At the age of 16 y, 
patient was admitted with acute abdomen caused by, MRI verified 
hematometrocolpos and hematosalpinx sinister supposedly caused by 
agglutination of the vaginal wall, which was primarily treated with 
gradual dilation of the vagina, only to relapse within a year. 

P1 experienced similar synechiae and adhesion of the nasal mucosa. 
Multiple septoplasty and functional endoscopic sinus surgery (FESS) 
procedures, only resulted in multiple reoperations because of epistaxis, 
and postoperative total obstruction of the nasal airway. The total nasal 
obstruction further reduced the barrier function of the oral mucosa and 
resulted in already present symptoms of the oral mucosa to flare up, 
including; erosive lesions of the oral cavity, aphthous ulcers, vesicles, 
periodical gingival bleeding and angular cheilitis. 

2.5. Genetics 

At the age of 15 y, during the second opinion at GOSH, P1 was 
clinically assessed and ILNEB considered by the nephrology department. 
In a research setting two variants in ITGA3, (NM_002204.4: c.317T > G, 
p.(Met106Arg), resulting in a change in the codon at position 106 from a 
Methionine to an Arginine (Sulphur containing to basic) and c.644C >
G, p.(Pro215Arg)), resulting in a change in the codon at position 215 
from a Proline to an Arginine (aliphatic to basic), were detected. The 
father and mother were heterozygote for one variant each (Fig. 2B). The 
genetic analysis was repeated in a clinical genetic setting when the pa-
tient was 22 y of age and the same variants in ITGA3 were detected when 
using Sanger sequencing, performed according to standard procedures. 
None of these variants are described previously, and reported in the 
gnomAD database, containing more than 140.000 subjects (https 
://gnomad.broadinstitute.org/). In silico, they are both described as 
pathogenic by SIFT (https://sift.bii.a-star.edu.sg), Mutationtaster (htt 
p://www.mutationtaster.org) and CADD (https://cadd.gs.washington. 
edu) predictive software. Furthermore, segregation analysis was per-
formed in the family (Fig. 2A). Based on the above we conclude that the 
variants are pathogenic and the cause of P1’s disease. 

3. Discussion 

This is the first report of a patient with novel biallelic pathogenic 
missense variants in ITGA3 and ILNEB syndrome who survived past 
adolescence. 

The clinical spectrum of ILNEB syndrome is poorly outlined, and 
knowledge regarding genotype-phenotype correlation is vague. The first 
seven cases reported with ILNEB syndrome, all had rapidly evolving 
symptoms and a fatal course within infancy or early childhood (Has 
et al., 2012; Yalcin et al., 2015; He et al., 2016; Nicolaou et al., 2012; 
Sondermann et al., 2021) (Table 1) and six were caused by premature 
stop/nonsense variants in ITGA3 in homozygous form. Patients diag-
nosed with ILNEB with compound heterozygous pathogenic variants all 
had similar symptoms, but with varying degrees of severity and onset 
(Alstrup et al., Okamoto et al., 2021; Colombo et al., 2016). Addition-
ally, four of the six above mentioned cases were children of consanguine 
parents. Our patient (P1) and the variants reported in two siblings by 
Colombo et al. harbors missense variants (Table 1), all of which may 
have a less severe effect on the integrin α3 subunits function. Tarur et al., 
report of a girl with first ILNEB symptom verified at 2 y, similar to our 
case. However, genetic analysis showed a pathogenic variant in homo-
zygous form with no mention of oral, gynecological or nasal 
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manifestations. Our case report further widens the phenotypic spectrum 
of the condition, as P1 had manifestations from skin, lungs and kidney 
over the course of 22 years, additionally oral, nasal and gynecological 
symptoms not previously reported in patients with ILNEB syndrome. 
The previously reported cases, all had debut of interstitial lung disease 
as primary symptom of ILNEB syndrome. Our patient is the only patient 
with nephrotic syndrome, as the first verified symptom of ILNEB pre-
ceded by gynecological and dermatological manifestations, other than 
epidermolysis bullosa, at age 2 and 3, respectively. 

The manifestations of ILNEB syndrome may be explained by the role 
of the integrin α3 subunit, encoded by ITGA3, which forms heterodimers 
with integrin β1 and is part of a large cluster of transmembrane surface 
αβ proteins. Integrin α3 subunit facilitate extracellular cell adhesion, 
maintenance of epithelial basement membranes, cytoskeletal organiza-
tion and extracellular matrix linkage (Barth et al., 1997; Barczyk et al., 
2010; Campbell and Humphries, 2011). The epidermal basal keratino-
cytes adhere to the basement membrane through integrins and muta-
tions in αβ subunits of integrins, has shown to affect cell adhesion, 
mechanical properties and integrity of dermal-epidermal junctions 
(Dipersio et al., 1997). Dysfunctional integrin α3 subunit and α3β1 
deficient mice has shown to cause disorganization of the basement 
membrane and extracellular matrix, proteinuria and epidermal blis-
tering as well as postnatal death within 24 h in ITGA3 knockout mice 
because of defective kidney and lung organogenesis (Kreidberg et al., 
1996; Dipersio et al., 1997; Sachs et al., 2006). 

Our report indicates that the phenotypic spectrum of ILNEB syn-
drome is wide and could be suspected in patients with milder symptoms 
than in the previously reported cases. Our case expands the phenotypical 
spectrum of ILNEB syndrome. ITGA3 should be included in genetic an-
alyses of patients with solely or combined dermatological, nephrological 
and pulmonary diseases of unknown etiology. Our report also highlights 
the efficacy of next generations sequencing in avoiding iatrogenic 
injury, caused by unnecessary treatments for an undiagnosed illness. 
When given the diagnosis, ILNEB syndrome, multidisciplinary follow-up 
should be initiated, and genetic counseling should be offered to the 
family. 
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