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Long-term Follow-up in Adult Patients with )

Cystic Fibrosis and Deep Intronic Splicing S
Variants

Seguimiento a largo plazo en pacientes adultos con fibrosis quis-
tica y variantes de splicing en regiones profundas de los intrones

Dear Editor,

Bi-allelic pathogenic variants in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene are the cause of
cystic fibrosis (CF).! More than 2000 specific variants have been
reported to date. Most of these alterations are detected in exons
and exon-intron boundaries (splicing variants). Changes in the
promoter region, full or partial gene deletions, and more recently,
deep intronic splicing variants (DISV) account for the remaining
cases. DISV are alterations in the DNA sequence of intronic regions
that generate cryptic splicing sites that favour the transcription
of intronic sequences (pseudoexons) in mRNA molecules. These
pseudoexons serve as templates for the synthesis of dysfunctional
proteins, such as the CFTR protein in the case of CF, or create
premature stop codons in the pre-mRNA molecules that result
in nonsense mediated decay. These pathogenic variants could
account for a majority of the 2-5% of remaining unknown variants
in both cystic fibrosis (CF) and CFTR-related disorders (CFTR-
RD) patients. The study of intronic sequences requires complex
and expensive technology.? We implemented next-generation
sequencing (NGS) to study CF patients in our Genetic Laboratory
in 2014 and were able to identify DISV in the second allele of four
historical clinical CF cases that have been followed-up in our CF
Unit during the last decades.

In order to assess the role of DISV on CF diagnosis, we present 4
cases of patients with clinical suspicion of CF but with incomplete
genotype, in whom we detected DISV by NGS technologies.?
We used the CFTR MASTR™ Dx kit (Multiplicom, Niel, Belgium)
directed to the 27 CFTR coding exons, selected intronic regions or
variants and part of the CFTR promoter region.* Cases 1-3 were
diagnosed as CF during childhood by clinical manifestations and
positive sweat test. However, only one mutated allele was detected
in each patient during infancy. Case 4 was followed-up in our Unit
since the age of 19.

The clinical and demographic characteristics of the patients are
shown in Table 1.

The deep intronic variant c.1680-883A>G (rs1554388867,
Legacy name c.1811+1637A>G, intron 12) was detected in cases
1-3, and the variant ¢.870-1113_.870-1110del (rs397508809,
Legacy name c.1002-1110_1113del, intron 7) in case 4. In the first
three cases, CF was diagnosed during childhood owing to clini-
cally compatible symptoms and positive sweat tests. The fourth
case was initially classified as CFTR-RD at 19 years of age because
of clinically compatible symptoms, an inconclusive sweat test

(<60 mmol/LCl~),and the detection of a single variant in the genetic
analysis. CF was confirmed genetically 20 years later following the
detection of a DISV in the second allele. This patient presented a
severe phenotype with altered lung function, low body mass index
(BMI), great extent of bronchiectasis, and a significant delay in diag-
nosis that could have negatively affected disease progression.

The deep intronic variant c.870-1113_870-1110del, which was
found in case 4, is located in intron 7 of the CFIR gene and alters
the mRNA splicing process creating a pseudoexon with a 101
nucleotide sequence between exons 6b and 7. This variant was
initially identified in one patient with a clinically compatible phe-
notype and a negative sweat test, and in three Italian patients with
a classic CF phenotype.>5 Moreover, 17 patients with CF from other
studies have also been diagnosed with this pathogenic variant.”-?
The patients have been reported as manifesting a wide spectrum
of phenotypes including severe disease, delayed diagnoses, higher
frequencies of diffuse bronchiectasis, with or without colonisation
by Pseudomonas aeruginosa, pancreatic sufficiency (PS) that may
progress to pancreatic insufficiency (PI) (as in our case 4 patient at
32 years old), and positive or inconclusive sweat tests. The vari-
ability of the phenotype has been related to levels of aberrant
mRNA, which is affected by the expression of splicing factor SRp75.
Decreasing levels of this factor have been shown to correct abnor-
mal splicing of the variant.”

The deep intronic variant c.1680-883A>G is a more recently
described variant located in intron 12'° that results in aberrantly
spliced transcripts due to the inclusion of a pseudo-exon. Only three
cases with this splicing intronic variant have been referenced in the
literature and included in the CFTR-France Database.!! These three
reported patients were diagnosed during childhood (2 months, 5
months, and 3 years) and were compound heterozygous with a
positive sweat test, with or without PI, with respiratory symp-
toms at diagnosis, and without further follow-up data.!! Our three
patients with this intronic variant (cases 1-3) now aged 49, 19
and 22 years respectively, are the only ones with available long-
term follow up and progression data. They were diagnosed during
childhood with positive sweat tests, are compound heterozygous
for severe pathogenic variants and have PI, bilateral bronchiecta-
sis, bronchial colonisation by Staphylococcus aureus, Achromobacter
sp. or Pseudomonas aeruginosa, sinusitis and/or nasal polyposis, and
preserved lung function, except for case 3, who had very impaired
lung function and required a lung transplant at the age of 21. Our
data support the involvement of this variant with a severe CF phe-
notype, in similar manner to ¢.1680-877G>T and c.1680-886A>G
variants,'? and shows the long-term evolution of these patients
when they are subjected to careful follow-up measures (case 3
was referred to our Cystic Fibrosis Unit just for lung transplant).
Bonini et al.’® developed oligonucleotides that can correct aberrant
splicing with the use of target site blocker treatment (TSB), open-
ing the alternative of a tailored therapy for the causative defect.
The use of other techniques capable of correcting aberrant splicing
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Table 1
Clinical characteristics.
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Case 1

Case 2

Case 3

Case 4

Deep intronic splicing variant

¢.1680-883A>G

€.1680-883A>G

c.1680-883A>G

¢.870-1113.870-

(Intron 12) (Intron 12) (Intron 12) 1110del
(Intron 7)
Variant second allele® (Legacy c.254G>T €.3909C>G ¢.3909C>G ¢.1521.1523delCTT
name) (G85V) (N1303K) (N1303K) (delF508)
Gender Female Male Female Female
Age at diagnosis of CF, years 5 3 6 39
Age at deep intronic splicing 41 18 21 39
variant detection, years
Current age, years 49 19 22 43
Symptoms at diagnosis Repeated episodes Repeated episodes Repeated episodes Repeated episodes
of bronchitis of pneumonia of pneumonia of bronchitis
Sweat test, mmol/L [C]~] 83 101 116 50
NPD ND ND ND Positive
Bronchial colonisation Staphylococcus Achromobacter sp. Achromobacter sp., Staphylococcus
aureus Pseudomonas aureus,
aeruginosa Haemophilus
influenzae,
Achromobacter sp.
Bronchiectasis Upper lobes Diffuse Diffuse Diffuse
Sinusitis and/or nasal polyposis Yes Yes Yes Yes
FVC, predicted percentage 81 93 41 56
FEV1, predicted percentage 87 83 20 44
0O, saturation, % 98 98 94 98
BMI 37.2 20.8 17 19.6
Pancreatic insufficiency Yes Yes Yes No — Yes"
Pancreatitis No No No Yes
Haemoptysis No Yes Yes Yes

Abbreviations. CF: cystic fibrosis; NPD: nasal potential difference; ND: not done; FVC: forced vital capacity; FEV1: forced expiratory volume in the first second; BMI: body

mass index.
2 Variant cDNA name.
b At 32 years old.

caused by other deep intronic variants have also been described
recently.!3-16

In conclusion, in CF cases with only one pathogenic variant
detected, it is important to sequence the entire CFTR gene regions
to confirm genetic diagnosis for management of the patient and
to provide adequate genetic counselling. The increasing number
of DISV reported'?!7.18 will provide a better understanding of
their pathogenic role in altering mRNA transcription using cur-
rent technologies, such as NGS and new genome editing tools. This
is essential in the present era for designing specific therapeutic
approaches to correct the altered CFTR and move towards per-
sonalised medicine'® or 4P medicine (‘personalised’, ‘predictive’,
‘preventive’ and ‘participatory’).

Funding

This work has been partially supported by a grant of Fundacién
Mutua Madrilefia. XIV Convocatoria de Ayudas a la Investigacién
en Salud. 2017..

Conflicts of interest
The authors have no conflict of interest to disclose.

References

1. Castellani C, Cuppens H, Macek M Jr, Cassiman ], Kerem E, Durie
P, et al. Consensus on the use and interpretation of cystic fibro-
sis mutation analysis in clinical practice. ] Cyst Fibros. 2008;7:179-96,
http://dx.doi.org/10.1016/j.jcf.2008.03.009.

2. Dequeker E, Stuhrmann M, Morris MA, Casals T, Castellani C, Claustres M, et al.
Best practice guidelines for molecular genetic diagnosis of cystic fibrosis and
CFTR-related disorders - updated European recommendations. Eur ] Hum Genet.
2009;17:51-65, http://dx.doi.org/10.1038/ejhg.2008.136 [Epub 06.08.08].

10.

11.

12.

13.

502

. Pagin A, Devos A, Figeac M, Truant M, Willoquaux C, Broly F, et al. Applicability

and efficiency of NGS in routine diagnosis: in-depth performance analysis of a
complete workflow for CFTR mutation analysis. PLOS ONE. 2016;11:e0149426,
http://dx.doi.org/10.1371/journal.pone.0149426.

. Bergougnoux A, D’Argenio V, Sollfrank S, Verneau F, Telese A, Postiglioni I,

et al. Multicenter validation study for the certification of a CFTR gene scan-
ning method using next generation sequencing technology. Clin Chem Lab Med.
2018;56:1046-53, http://dx.doi.org/10.1515/cclm-2017-0553.

. Costa C, Pruliére Escabasse V, Bassinet L, Golmard L, Gameiro C, de Becdeliévre

A, et al. A new cryptic CFTR exon in mild CF. In: Fibros ]JC, editor. European
conference on cystic fibrosis. Brest: Elsevier; 2009. p. S2 [suppl. 2].

. Faa V, Incani F, Meloni A, Corda D, Masala M, Baffico AM, et al. Char-

acterization of a disease-associated mutation affecting a putative splicing
regulatory element in intron 6b of the cystic fibrosis transmembrane
conductance regulator (CFTR) gene. ] Biol Chem. 2009;284:30024-31,
http://dx.doi.org/10.1074/jbc.M109.032623.

. Costa C, Pruliere-Escabasse V, de Becdelievre A, Gameiro C, Golmard L, Guit-

tard C, et al. A recurrent deep-intronic splicing CF mutation emphasizes the
importance of mRNA studies in clinical practice. J Cyst Fibros. 2011;10:479-82,
http://dx.doi.org/10.1016/j.jcf.2011.06.011.

. Nathan N, Girodon E, Clement A, Corvol H. A rare CFIR intronic mutation

related to a mild CF disease in a 12-year-old girl. BMJ Case Rep. 2012,
http://dx.doi.org/10.1136/bcr-2012-006918.

. Terlizzi V, La complessita della gestione di una diagnosi/non diagnosi. Abstract.

XXVI Congresso Italiano della Fibrosi Cistica. Salerno 8-11 novembre 2018.
http://docplayer.it/124342508-La-complessita-della-gestione-di-una-diagnosi-
non-diagnosi.html.

Bonini J, Varilh J, Raynal C, Théze C, Beyne E, Audrezet MP, et al.
Small-scale high-throughput sequencing-based identification of new
therapeutic tools in cystic fibrosis. Genet Med. 2015;17:796-806,
http://dx.doi.org/10.1038/gim.2014.194.

Claustres M, Théze C, des Georges M, Baux D, Girodon E, Bienvenu T,
et al. CFTR-France, a national relational patient database for sharing genetic
and phenotypic data associated with rare CFTR variants. Hum Mutat.
2017;38:1297-315, http://dx.doi.org/10.1002/humu.23276. PMID: 28603918.
https://cftr.iurc.montp.inserm.fr/cgi-bin/home.cgi [Epub 28.06.17].

Sosnay PR, Siklosi KR, Van Goor F, Kaniecki K, Yu H, Sharma N, et al. Defining the
disease liability of variants in the cystic fibrosis transmembrane conductance
regulator gene. Nat Genet. 2013;45:1160-7, http://dx.doi.org/10.1038/ng.2745.
Michaels WE, Bridges R], Hastings ML. Antisense oligonucleotide-mediated
correction of CFTR splicing improves chloride secretion in cystic fibrosis
patient-derived bronchial epithelial cells. Nucl Acids Res. 2020;48:7454-67,
http://dx.doi.org/10.1093/nar/gkaa490.


dx.doi.org/10.1016/j.jcf.2008.03.009
dx.doi.org/10.1038/ejhg.2008.136
dx.doi.org/10.1371/journal.pone.0149426
dx.doi.org/10.1515/cclm-2017-0553
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
http://refhub.elsevier.com/S1579-2129(21)00170-1/sbref0120
dx.doi.org/10.1074/jbc.M109.032623
dx.doi.org/10.1016/j.jcf.2011.06.011
dx.doi.org/10.1136/bcr-2012-006918
http://docplayer.it/124342508-La-complessita-della-gestione-di-una-diagnosi-non-diagnosi.html
http://docplayer.it/124342508-La-complessita-della-gestione-di-una-diagnosi-non-diagnosi.html
dx.doi.org/10.1038/gim.2014.194
dx.doi.org/10.1002/humu.23276
https://cftr.iurc.montp.inserm.fr/cgi-bin/home.cgi
dx.doi.org/10.1038/ng.2745
dx.doi.org/10.1093/nar/gkaa490

L.Gorospeetal.

14. Shibata S, Ajiro M, Hagiwara M. Mechanism-based personalized medicine for
cystic fibrosis by suppressing pseudo exon inclusion. Cell Chem Biol. 2020,
http://dx.doi.org/10.1016/j.chembiol.2020.08.013.

15. Gao D, Morini E, Salani M, Krauson JA, Ragavendran A, Erdin S, et al. A deep
learning approach to identify new gene targets of a novel therapeutic for human
splicing disorders. BioRxiv. 2020, http://dx.doi.org/10.1101/2020.02.03.932103.

16. Lee M, Roos P, Sharma N, Atalar M, Evans TA, Pellicore M], et al.
Systematic computational identification of variants that activate exonic
and intronic cryptic splice sites. Am ] Hum Genet. 2017;100:751-65,
http://dx.doi.org/10.1016/j.ajhg.2017.04.001 [End of the form].

17. Bergougnoux A, Délétang K, Pommier A, Varilh ], Houriez F, Altieri JP,
et al. Functional characterization and phenotypic spectrum of three recur-
rent disease-causing deep intronic variants of the CFTR gene. ] Cyst Fibros.
2019;18:468-75, http://dx.doi.org/10.1016/j.jcf.2018.10.012.

18. Morris-Rosendahl DJ, Edwards M, McDonnell M], John S, Alton EWFW, Davies
JC, et al. Whole-gene sequencing of CFIR reveals a high prevalence of the
intronic variant ¢.3874-4522A>G in cystic fibrosis. Am ] Respir Crit Care Med.
2020;201:1438-41, http://dx.doi.org/10.1164/rccm.201908-1541LE.

19. Harutyunyan M, Huang Y, Mun KS, Yang F, Arora K, Naren AP. Personalized
medicine in CF: from modulator development to therapy for cystic fibro-
sis patients with rare CFTR mutations. Am ] Physiol Lung Cell Mol Physiol.
2018;314:L529-43, http://dx.doi.org/10.1152/ajplung.00465.2017.

Antonio Alvarez®d-¢* Karina Loor®d-¢

Paula Fernandez-Alvarez ¢ Silvia Gartner ¢

Eva Polverino®:9:¢ Mario Culebras®9-¢ David Clofent-d:¢
Elena Garcia Arumi®¢ Eduardo F. Tizzano?-&!

Javier de Gracia®d-¢!

Archivos de Bronconeumologia 57 (2021) 499-511

4 Department of Respiratory Medicine — Adult Cystic Fibrosis Unit,
Vall d’Hebron Barcelona Hospital Campus, Universitat Autonoma de
Barcelona, Passeig Vall d’Hebron 119-129, 08035 Barcelona, Spain

b Department of Clinical and Molecular Genetics, Vall d’Hebron
Barcelona Hospital Campus, Universitat Autonoma de Barcelona,
Passeig Vall d’Hebron 119-129, 08035 Barcelona, Spain

¢ Department of Pediatrics - Pediatric Cystic Fibrosis Unit, Vall
d’Hebron Barcelona Hospital Campus, Universitat Autonoma de
Barcelona, Passeig Vall d’Hebron 119-129, 08035 Barcelona, Spain

d CIBER Enfermedades Respiratorias (Ciberes), Passeig Vall d’Hebron
119-129, 08035 Barcelona, Spain

€ Vall d’'Hebron Institut de Recerca (VHIR), Passeig Vall d’Hebron
119-129, 08035 Barcelona, Spain

*Corresponding author.

E-mail address: aalvarez@vhebron.net (A. Alvarez).

1 Senior authors from Clinical and Molecular Genetics and Respira-
tory Departments.

https://doi.org/10.1016/j.arbres.2020.11.002
0300-2896/ © 2020 SEPAR. Published by Elsevier Espafia, S.L.U. All rights reserved.

Extracorporeal membrane oxygenation (ECMO) )
as bridge therapy to surgery in a patient with
acute respiratory distress syndrome (ARDS) due

to rupture of a pulmonary hydatid cyst™

Membrana de oxigenacion extracorporea (ECMO) como terapia
puente a la cirugia en paciente con sindrome de distrés respi-
ratorio agudo (SDRA) debido a la rotura de un quiste hidatidico
pulmonar

To the Editor,

Indications for extracorporeal membrane oxygenation (ECMO),
such as short-term life support in patients with severe respira-
tory or heart failure refractory to conventional treatment, have
expanded considerably in the past 20 years.! ECMO may be used
in acute respiratory distress syndrome (ARDS) and other forms of
potentially reversible respiratory failure as a bridge to recovery,
definitive surgical intervention,? or transplantation.’> The use of
ECMO has also been described in the setting of serious respiratory
infections, such as those caused by influenza A (H1N1) virus* and,
more recently, severe acute respiratory syndrome coronavirus type
2.° However, scant data are available on its potential use in compli-
cations due to parasitic infections.®” We report the case of a patient
with a diagnosis of bilateral pulmonary hydatid cysts undergoing
antiparasitic treatment prior to surgery. One of the cysts ruptured,
and the patient required vital support with ECMO as a bridge to
definitive surgery.

The patient was a 21-year-old Peruvian man, allergic to metami-
zole and diazepam, with no toxic habits or medical history of

% Please cite this article as: Gémez-Hernandez MT, Martinez EJ, Fuentes MG, Paz M,
Rodriguez I, Novoa NM, et al. Membrana de oxigenacién extracorpérea (ECMO) como
terapia puente a la cirugia en paciente con sindrome de distrés respiratorio agudo
(SDRA) debido a la rotura de un quiste hidatidico pulmonar. Arch Bronconeumol.
2021;57:503-504.

interest, who attended the emergency department with a 3-day
history of cough and bloody expectoration, without any other
accompanying symptoms. On chest X-ray, 2 masses with well-
defined edges were observed in both lower lobes, along with signs
of pulmonary hyperinflation (Fig. 1a). Chest computed tomography
showed 2 pulmonary cystic lesions: one measuring 10.5 x 9.8 cm
in the right lower lobe and the other measuring 6.2 x 6.1 cm in the
left lower lobe. Radiological findings were suggestive of uncom-
plicated pulmonary hydatid cysts. Blood tests were positive for
anti-Echinococcus granulosus antibodies, so we decided to start
antiparasitic treatment with albendazole (400 mg/12 h) and prazi-
quantel (1200 mg/12 h) prior to surgery. The patient’s lung function
tests showed a restrictive ventilatory pattern.

While waiting for surgery, the patient spontaneously pre-
sented with pain in the left hemithorax and cough, followed by
expectoration of blood and a small amount of pus. Physical exam-
ination of the patient revealed tachypnea (>25rpm), tachycardia
(>130bpm), hypotension (103/57 mmHg), and SatO, 92% with
oxygen supply via nasal prongs at 2L per minute. The labora-
tory tests showed leukocytosis 11,420/pL, with 6.2% eosinophils
and CRP of 4.36mg/dL. Chest X-ray showed an air-fluid level
in the basal region of the left hemithorax consistent with com-
plicated hydatid cyst communicating with the airway (Fig.1B).
Within a few hours, the patient presented generalized deterio-
ration and acute respiratory failure and required admission to
the intensive care unit (ICU) and urgent orotracheal intubation.
Despite protective pulmonary ventilation, the patient worsened
progressively with respiratory acidosis, hypercapnia 70 mmHg,
Pao,/Fi0, <100 mmHg, severe ventilation difficulty, and a ten-
dency toward arterial hypotension. Given the persistence of the
poor respiratory condition consistent with ARDS caused by rupture
of the left hydatid cyst, we decided to administer support therapy
with veno-venous ECMO (Fig. 1c). The patient received empiri-
cal antibiotic treatment with piperacillin/tazobactam and linezolid,
and the microbiological cultures carried out ruled out bacterial
superinfection. After hemodynamic and respiratory stabilization
of the patient was achieved, his subsequent progress was satis-
factory, with decreased ventilatory and ECMO support. ECMO was
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