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Isolated choanal and gut atresias: 
pathogenetic role of serine protease inhibitor 
type 2 (SPINT2) gene mutations unlikely
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Abstract 

Background:  Choanal (CA) and gastrointestinal atresias (GA) are an important feature of syndromic congenital 
sodium diarrhea (sCSD), a disorder recently associated with mutations in the gene for serine protease inhibitor type 2 
(SPINT2). It is, however, not known whether isolated non-syndromic CA and GA themselves might result from SPINT2 
mutations.

Methods:  We performed a prospective cohort study to investigate 19 CA and/or GA patients without diarrhea (“non-
sCSD”) for potential sCSD characteristic clinical features and SPINT2 mutations.

Results:  We found a heterozygous SPINT2 splice mutation (c.593-1G>A), previously demonstrated in sCSD in 
homozygous form, in only 1 of the 19 patients of the “non-sCSD” cohort. This patient presented with isolated anal 
atresia and borderline low laboratory parameters of sodium balance. In the remaining 18 non-sCSD CA/GA patients 
investigated, SPINT2 sequence analysis and clinical markers of sodium homeostasis were normal. None of the 188 
healthy controls tested in a regional Tyrolean population harbored the c.593-1G>A mutation, which is also not listed 
in the ExAc and gnomAD databases.

Conclusions:  The finding of only one heterozygous SPINT2 mutation in 19 patients with isolated CA/GA was not 
statistically significant. Therefore, SPINT2 mutations are an unlikely cause of non-sCSD atresia.
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Background
Atresias of the choanae (CA) [1] and the gut (GA) have 
been shown to be due to a large variety of pathomecha-
nisms [2–6]. One disorder also commonly exhibiting CA 
and/or GA is autosomal recessive syndromic congeni-
tal sodium diarrhea (sCSD) [7]. The phenotype of sCSD 
involves voluminous watery stools and enormous fecal 
losses of sodium, leading to hyponatremia and metabolic 
acidosis. The disease is caused by homozygous and com-
pound heterozygous mutations in the SPINT2 gene [7]. 

SPINT2 encodes for Kunitz-type serine protease inhibi-
tor type two, also reported as placental bikunin [8] and 
hepatocyte growth factor activator type 2 [9], which has 
been shown to inhibit a number of serine proteases such 
as matriptase, prostasin and furin [10–12]. The latter 
have been postulated to regulate the activity of the epi-
thelial sodium channel (ENaC) which allows uptake of 
sodium by many cell types, including the intestinal epi-
thelium [12]. SPINT2 mutations in sCSD patients may 
interfere with the normal process of regulated proteolytic 
activity and thus lead to defective function of ENaC. This 
could result in enhanced diarrheal sodium loss via the gut 
epithelium [7] as well as frequent occurrence of atretic 
malformations in sCSD, although the pathomechanism 
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is currently incompletely understood. We investigated 
patients with isolated forms of CA and GA, who did not 
suffer from sodium-losing diarrhea (non-sCSD atresia), 
with regard to SPINT2 mutations and clinical picture, 
and compared the results with those from sCSD patients.

Patients and methods
The study was approved by the ethics committee of the 
Medical University of Innsbruck. 84 patients diagnosed 
with CA and/or GA between January 1, 1980 and Decem-
ber 31, 2011 were identified from the patient registries 
of the University Hospitals of Innsbruck and invited for 
a clinical examination. 19 patients (9 males, 10 females, 
aged 2–40  years) were included in the study after giving 
written informed consent. A careful history and physical 
examination by an ear nose and throat (ENT) specialist, a 
pediatric surgeon and a pediatrician was performed. Type 
and localization of the respective atresia was determined 
from previous history and physical examination data, diag-
nostic imaging results and surgery reports. Laboratory 
workup consisted of electrolytes, blood gases, osmolality 
and creatinine in venous plasma as well as of electrolytes, 
osmolality and creatinine in urine. The concentrations 
of sodium and creatinine in plasma and urine were used 
for the calculation of the fractional excretion of sodium 
(FENa) using the formula FENa = urine Na × plasma cre-
atinine × 100/(plasma Na × urine creatinine). Concentra-
tions of uNa (urine sodium) and uCrea (urine creatinine) 
were used for the calculation of the urine sodium to urine 
creatinine (uNa/uCrea) ratio. Furthermore, stool samples 
were analyzed for electrolytes, pH and osmolality.
SPINT2 mutational analysis was performed as described 

previously [7]: briefly, genomic DNA was prepared from 
leukocytes using a robot (GenoM 48, Qiagen, Vienna, Aus-
tria). The complete coding region of the SPINT2 gene and 
all exon–intron-boundaries were amplified using intronic 
primers. The 190–504-bp amplicons were sequenced and 
the sequencing reactions analyzed on an ABI 3100 DNA 
sequencer. A panel of 188 DNA samples from anony-
mous healthy subjects was investigated for the presence 
of sequence variants [7]. Clinical and mutational analysis 
data of the 19 non-CSD atresia patients were compared 
with published results from 16 patients with sCSD [7]. 
Data of clinical parameters are presented as mean ± SD. 
The statistical significance of differences between both 
patient groups was determined using the two-tailed Stu-
dent’s t test. Allele frequencies for SPINT2 variants were 
taken from the ExAC and gnomAD databases.

Results
Among non-sCSD CA or GA patients, no homozy-
gous or compound heterozygous mutations were found 
in the present study (Table  1 upper panel). However, 

two heterozygous SPINT2 nucleotide alterations were 
identified in exon seven of two non-sCSD patients with 
anal atresia. c.598G>C het, demonstrated in patient #10 
(Table 1), was found to be a common polymorphism with 
an allele frequency of 2.8% in 61.000 individuals (ExAC 
database). c.593-1G>A het, detected in a second non-
sCSD atresia patient (patient #14, Table  1 upper panel) 
of our study is a splice mutation that had been identified 
in homozygous state in five previously reported Austrian 
sCSD patients [7]. This mutation affects the canoni-
cal acceptor splice site in intron 6 of the SPINT2 gene. 
It is not listed in public databases of population-based 
exome and genome data, i.e., neither in ExAC (http://
exac.broadinstitute.org/gene/ENSG00000167642) nor 
in gnomAD (http://gnomad.broadinstitute.org/gene/
ENSG00000167642). It emerged that all five homozygous 
patients and the heterozygous patient #14 of the present 
study originated from the same rural area, suggesting 
that patient #14 of the non-sCSD group most likely was a 
heterozygous sCSD carrier.

The individual clinical data of the non-sCSD atre-
sia and sCSD patients are summarized in Table  1. 
The average age of the non-sCSD atresia group was 
139  ±  101  months (range 25–480  months) and thus 
significantly higher (p  <  0.05) than the age of the sCSD 
patients (60  ±  70  months, range 4–192  months). The 
gestational age of non-sCSD atresia patients was also sig-
nificantly higher than that of the sCSD group (38.8 ± 1.9 
vs. 36.7  ±  2.6  weeks, p  <  0.05). Birth weight which 
was 3136  ±  554  g for non-sCSD atresia patients and 
2900 ±  448  g for the sCSD group was not significantly 
different (p = 0.19). Diarrhea was not reported in any of 
the non-CSD atresia subjects, while it was the predomi-
nant feature in all sCSD patients. Moreover, average val-
ues of laboratory indicators of sodium balance (fecal Na, 
plasma Na, urinary Na, FENa and uNa/uCrea ratio) and of 
metabolic acidosis were normal in the non-sCSD atresia 
group and were thus significantly different from the sCSD 
cohort where these parameters were generally pathologi-
cal (Table 2). There was also no diarrhea reported in the 
non-sCSD atresia patient with the heterozygous splice 
mutation c.593-1G>A (patient #14). However, the FENa 
and uNa/uCrea in that patient showed borderline low 
values for these two sodium balance parameters and also 
a rather low uNa concentration (Table 1). We speculate 
that these results reflect an effect of the c.593-1G>A car-
rier state on sodium status, because we had previously 
found low urinary sodium concentrations in two obligate 
heterozygous sCSD parents [13]. This resembles findings 
in other autosomal recessive disorders, where clinically 
healthy patients have been shown to exhibit pathologi-
cal laboratory markers as in, e.g., alpha-1-antitrypsin 
deficiency [14, 15]. Apart from patient #14, however, 

http://exac.broadinstitute.org/gene/ENSG00000167642
http://exac.broadinstitute.org/gene/ENSG00000167642
http://gnomad.broadinstitute.org/gene/ENSG00000167642
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the results in all other 18 non-sCSD patients were nor-
mal. Besides the findings in the non-sCSD cohort, the 
absence of the c.593-1G>A mutation among 188 ethni-
cally matched controls argued against a role for SPINT2 
in isolated CA/GA.

Discussion
It has been previously shown that mutations in SPINT2 
are associated with sCSD [7], a disease featuring a 
sodium-losing diarrhea, recurrent corneal erosions and 
frequently atretic malformations of the choanae (CA) 
and the gastrointestinal tract (GA). Furthermore, intesti-
nal biopsies have shown tufts, consisting of focal crowds 
of enterocytes within the epithelium [16]. Mutational 
analysis of SPINT2 had previously identified five distinct 
homozygous or compound heterozygous mutations [7] 
in each of the investigated sCSD patients (Table 1, lower 
panel). Our study was undertaken to investigate whether 
the SPINT2 mutations identified in sCSD would also be 
present in patients with non-syndromic forms of isolated 
atresias, who did not have diarrhea (non-sCSD).

No homozygous or compound heterozygous SPINT2 
mutations were identified in isolated non-sCSD atre-
sia subjects. However, in the non-sCSD patient #14 we 
found a heterozygous splice mutation, c.593-1G>A, 
which is identical to a SPINT2 mutation shown previ-
ously in five Austrian sCSD patients [7]. This patient also 
had borderline laboratory values (Table  1) for sodium 
balance, indicating potential sodium depletion. This sug-
gests that carriers of the c.593-1G>A SPINT2 mutation 
might be recognizable by testing for phenotypical labo-
ratory markers of sodium status (e.g., FENa, uNa/uCrea).

Regulation of the cell surface serine protease 
matriptase by the SPINT2-encoded hepatocyte growth 

factor inhibitor 2 (HAI2) has been shown to be essen-
tial for organogenesis [17]. Furthermore, loss of SPINT2 
protein has been implicated in severe clefting of the 
embryonic ectoderm in mice [18]. This also raises the 
possibility of an influence of SPINT2 on the develop-
ment of CA and GA during prenatal organ formation. 
Another mechanism by which SPINT2 mutations may 
lead to atretic malformations could be related to the 
function of the epithelial sodium channel (ENaC). This 
channel has been shown to be regulated by alterations 
of the serine protease–protease inhibitor balance which 
may, if defective, disturb the volume of the epithelial sur-
face liquid layer [19]. Such a mechanism has been shown 
to be the case for the airway epithelium of cystic fibrosis 
(CF) patients in which hyperabsorption of sodium (and 
fluid) causes increased viscosity of the epithelial sur-
face liquid. An analogous pathomechanism of epithelial 
fluid–electrolyte imbalance due to malfunction of the 
cystic fibrosis transmembrane regulator (CFTR) could 
be imagined to cause adhesion of epithelial layers induc-
ing the commonly encountered aplasia of the vas defer-
ens in CF [20].

Conclusion
Our study aimed at investigating whether a similar 
mechanism of epithelial adhesion potentially related to 
SPINT2 mutations could be responsible for the develop-
ment of isolated CA and/or GA. However, our finding 
that no homozygous mutations were identified in the 
non-sCSD group argues against the possibility of SPINT2 
mutations being a cause of isolated CA or GA.
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Table 2  Clinical parameters reflecting differences 
between non-sCSD and sCSD patients

Abbreviations in alphabetical order: FENa fractional excretion of sodium; mo 
month; n.s. not significant; uNa/uCrea urinary Na/urinary creatinine ratio; wk 
week

Parameter non-sCSD sCSD p value

Actual age (months) 139 ± 101 60 ± 70 < 0.05

Gestational age (weeks) 39 ± 2 37 ± 3 < 0.05

Birth weight (g) 3136 ± 554 2900 ± 448 n.s.

Plasma Na (mmol/L) 140 ± 2 120 ± 4 < 0.001

Plasma pH 7.34 ± 0.07 7.18 ± 0.11 < 0.001

Urinary Na (mmol/L) 139 ± 64 10 ± 4 < 0.001

FENa (%) 1.2 ± 0.7 0.1 ± 0.0 < 0.001

uNa/uCrea (mmol/mmol) 25.0 ± 11.1 0.9 ± 0.4 < 0.001

Fecal Na (mmol/L) 29 ± 9 106 ± 33.2 < 0.001

Fecal pH 6.5 ± 1.1 7.3 ± 1.1 n.s.
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