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Highlights:
* We functionally characterized three deep intromidants of theCFTR gene.

* We determined their phenotypic spectrum by detalealysis of clinical data.
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* These variants should be included in the routinatesgy for patients’ diagnosis and

carrier screening.

Running Title:CFTR recurrent deep-intronic variants in patients vithand CFTR-RD

Abstract:

Background: TheCFTR genotype remains incomplete in 1% of Cystic Filsd€F) cases,
because only one or no disease-causing variantetected after extended analysis. This
fraction is probably higher in CFTR-Related Disosl¢CFTR-RD). Deep-introni€FTR
variants are putative candidates to fill this gdpwever, the recurrence, phenotypic spectrum
and full molecular characterization of newly repdrivariants are unknown.

Methods: Minigenes and analysis ©F TR transcripts in nasal epithelial cells were used to
determine the impact 08FTR splicing of intronic variants that we previoustientified by
next generation sequencing of the whGETR locus. Phenotypic data were collected in 19
patients with CF and CFTR-RD, in whom one of thegmtronic variants has been detected.
Results: Three deep-intronic variants promoted itiedusion of pseudo-exons (PE) in the
CFTR transcript, hindering the synthesis of a functigratein. The ¢.2989-313A>T variant,
detected in four patients with CF or CFTR-RD frohree different families, led to the
inclusion of a 118bp PE. The ¢.3469-1304C>G vanmomoted the inclusion of a 214bp-PE
and was identified in five patients with CF fromufdamilies. Haplotype analysis confirmed
that this variant was associated with one CF chemme of African origin. The most
represented variant in our cohort was the c.3872RA5G, detected in 10 patients with

various phenotypes, from male infertility to CF lwjgancreatic insufficiency.



Conclusion: These three deep intro@ETR variants are associated with a large phenotypic
spectrum, including typical CF. They should be uiledd in CF diagnostic testing and carrier

screening strategies.

INTRODUCTION

Cystic Fibrosis (CF) is an autosomal recessiverdexocaused by pathogenic variations of the
CFTR gene (OMIM #602421) that encodes the Cystic Figrdsansmembrane conductance
Regulator (CFTR) chloride and bicarbonate chanmeressed at the apical membrane of
epithelial cells. Symptoms of classic CF includet(are not limited to) diffuse bronchiectasis
(DB), positive sputum cultures for CF-associatedhpgens (especiallyP. aeruginosa),
exocrine pancreatic insufficiency, salt loss synuep sweat chloride level higher than 59
mmol/L, and obstructive azoospermia caused by autgjeand bilateral absence of vas
deferens (CBAVD) [1]. Other phenotypes associatétth WEFTR dysfunction that do not
fulfill the CF diagnostic criteria (i.e., presergironly one of the CF clinical features) are
designated as CFTR-Related Disorders (CFTR-RD).[RM®st patients with CF carry two
severeCFTR variants (i.e., variants that always result in@fen intrans with another CF-
causing variant), whereas patients with CFTR-RD timobarbour one severe and one
moderate variant (variants that do not result in L that may cause CFTR-RD when in
trans with another CF-causing variant), or two moderagants [4]. The analysis of the 27
exons, their flanking intronic boundaries and tbarsh ofCFTR large rearrangements allows
the identification of around 99% of alleles asstadawith CF manifestations [5]. Thus,
approximately 1% of patients with CF and probablpren patients with CFTR-RD are
incompletely genotyped. However, for optimal metlicare, personalized therapy [6], and

genetic counselling to families, the clinical diagis must be confirmed by molecular data.



We recently developed an assay that allowed theptimsequencingf the CFTR locus in
DNA samples from 18 patients with confirmed CF iciah diagnosis and harbouring an
incomplete genotype [7]. This previous study preddthe proof that small-scale Next-
Generation Sequencing (NGS) approaches are suitablie identification of newCFTR
variants in non-coding regions. Indeed, we dematestr that the ¢.1680-883A>G mutation,
detected in three unrelated patients, leads t@itbation of a new donor splice site and the
activation of a cryptic acceptor splice site, réagl in the inclusion of an additional 53bp
pseudo-exon (PE) and the complete loss of wild (W§€) CFTR transcripts [7].

Here, we characterized the impact GRTR gene splicing of four deep intronic variants
detected with our small-scale NGS approach [6]gisimigenes and mRNA analysis of nasal
epithelial cell (NEC) samples. We found that theviyeidentified ¢.2989-313A>T and two
previously reported variants, ¢.3469-1304C>G (atsomed 3600+11.5kbC>G [8]) and
€.3874-4522A>G (also named 4005+5727A>G [9]), haveathogenic effect. We then
performed microsatellite marker analysis in thefedént families to define the haplotypes
linked to these variants and to associate themnwiwessible, with specific ethnic groups.
Finally, we collected detailed clinical data to efetine the phenotypic spectrum of these

three pathogeni€FTR variants.

METHODS

Patients’ clinical data, blood and NEC sample collgion, mMRNA and DNA extraction

Table 1 and 2 show the patients’ demographic, adinand genotypic data. The clinical
information was extracted retrospectively from thert. The respiratory/digestive signs and
symptoms in the table 2 are based on physiciatéspretation of the patient's clinical status.

DNA was extracted from lymphocytes of peripheralda samples from 19 patients with CF



or CFTR-RD and one control individual using standarotocols. NEC samples from patients
and control were processed as previously descifib@d1]. Total RNA from NEC samples
was extracted using the RNeasy Plus Mini Kit (Qmgddilden, Germany), according to the

manufacturer’s instructions.

CFTR Genotyping

For all 19 patients included in this study, @FTR exons, their intronic boundaries and
several deep intronic regions where known CF manathave been reported were sequenced,
as previously described [12]. Additionally, Mulgx Ligation Probe Assay (MLPA) and
Quantitative Multiplex PCR of Short Fluorescent dments (QMPSF) were used for
assessing the presence of large rearrangementsviidie CFTR locus [7] was sequenced in
six additional patients. Targeted Sanger sequeraiogved the detection of one of the four
deep intronic variants in 13 patients (Table 1). difficulty was reported for Sanger
sequencing except for the ¢.2989-313A>T variantated in a region of high sequence
homology with other genomic regions. Long-range BQHER-PCR; amplicon o4520bp, see
Table S1) were performed with a forward primer wore 18 (LR-PCR-IVS18-F) and a
reverse primer in exon 19 (LR-PCR-Ex19-R)GHTR, followed by nested PCR (PCR-Seg-

IVS18-F and PCR-Seq-IVS18-R primers).

Nomenclature of CFTR sequence variations

Variants were named following the international emtiature recommended by the Human
Genome Variation Society (http://www.hgvs.org/mutren/), in accordance with tf@FTR
gene numbering where nucleotide +1 in the cDNA resfee sequence (GenBank

NM_00492.3) corresponds to the A of the ATG tratisfainitiation codon. For convenience,



the legacy name of previously described mutatiors wdded in brackets at their first

occurrence.

A detailed description of the methods is in Supgetary Material.

RESULTS

Pathogenicity prediction of the putative disease-asing variants and confirmation by
Sanger sequencing

On the basis of the bioinformatics predictions, sadected four putative disease-causing
variants identified by sequencing the wh&&TR locus [7]: ¢.53+3158A>G (intron 1),
€.2989-313A>T (intron 18), ¢.3469-1304C>G (intrab),2and ¢.3874-4522A>G (intron 23).
The in silico predictions of their impact on splicing are desed in Figure 1A and Suppl.
Figure 1A-C. We confirmed, or newly identify in serpatients, the presence of these variants
by targeted Sanger sequencing. We detected ¢.58A315 and ¢.2989-313A>T as a
complex allele in four patients from three familisbo also carried the synonymous variant
C.627A>G (A209A); €.3469-1304C>G in five patientorh four families; and c¢.3874-

4522A>G in ten patients from eight families (Tab)e

Ex vivo CFTR and in vitro minigene transcript analysis

As NEC samples were not always available for atiepés, we combined the analysis of
endogenousCFTR transcripts and minigene assays, as describedh@nMethod section
(Supplementary material).

Analysis of CFTR transcripts in the NEC sample from patient P1 anmigene experiments
indicated that the c¢.53+3158A>G variant and ttis-associated synonymous variant

€.627A>G (only NEC analysis) did not have any impatCFTR splicing (data not shown).



Conversely, we confirmed the inclusion of the pcesti 118bp-PE for the ¢.2989-313A>T
variant (NEC and minigene analyses) (Figure 1B{E9rdhe creation of a new donor splice
site.

Analysis of CFTR transcripts in the NEC sample from patient P6 annigene experiments
confirmed that the ¢.3469-1304C>G variant promdtesl inclusion of a 214bp-PE (Suppl.
Figure 2A-D).

Analysis of CFTR transcripts in the NEC sample from patients PIp(E Figure 3A), P12
and P14 (Suppl. Figure 3B) indicated that the c438322A>G variant produced a major
transcript with the inclusion of a 125bp-PE. Sanggguencing of transcripts from the NEC
samples of patients P12 and P14 using two diffgpeinter pairs (located i€FTR exons 21
and 25, and exons 22 and 24, Table S1) showedrdsence of the WT sequence and the
125bp-PE transcript, as well as of background sscpeethat corresponded to minor aberrant
transcripts. Moreover, analysis GF TR transcripts in the NEC samples from patient P13 di
not reveal any transcript with a PE. To understéeddiscrepancies of the results obtained on
endogenou€FTR transcripts, we analysed by fluorescent PCR tastripts obtained from
WT and mutant minigene constructs based on the pS@ttor and transfected in Beas-2B
cells. In cells expressing the WT minigene (c.38322A), we detected a major normal
splicing pattern that accounted for 85% of tranmsribut no transcript containing the 125bp-
PE (Suppl. Figure 3C and 3D). In cell expressirgydl8874-4522A>G variant, we found that
the inclusion of the 125bp-PE led to aberrant spjian 76% of transcripts (Suppl. Figure
3D), corresponding to the use of the predictedovo acceptor splice site and of the strongest
cryptic donor site, according to thesilico analysis (Suppl. Figure 1C).

For each variant, PE inclusion, confirmed by seqgiren(Suppl. Fig. 4), led to a premature

stop codon and possibly to the production of adated protein. These results confirmed that



the three variants ¢.2989-313A>T, ¢.3469-1304C>6d a.3874-4522A>G are disease-

causing mutations.

Genotype-Phenotype correlations

To determine the phenotypic spectrum of these ntmjave analysed the clinical data of the
19 patients of our cohort. All patients carriedeaand variant, classified as CF-causing and
confirmed to be irans by segregation analysis in nine of them. The fam#ledregation was
partial for two patients and was not performed floe others. According to the criteria
described in the Introduction section, 15 patieinésl CF (i.e., presence of CF clinical
symptoms), 3 patients (P2, P15, P18) had CFTR-RD, fnonosymptomatic clinical entity)
and one patient (P16) could be considered as Ck#hiosis Screen Positive, Inconclusive
Diagnosis (CFSPID) because of intermediate sweaatel no CF symptoms.

The phenotype associated with the ¢.2989-313A>Tarnawas variable. Patient P2, at the age
of 32 years only had chronic bronchitis withoutrmbiectasis or functional airway alteration
(FEV1: 101%), and patient P4 was initially addressedrfale infertility at the age of 33
years. Conversely, patients P1 and P3 presentetipfeuand severe symptoms of CF,
althoughwith late onset (Table 2). These observations sstgipat this variant is associated
with a large phenotypic spectrum, from CF to CFTdRd should be considered as a
potentially CF-causing variant for genetic couriagll

All patients with the ¢.3469-1304C>G variant (n#8d symptoms from early childhood,
including recurrent airway. aeruginosa infections and/or sinusitis, pancreatic insuffincg
and/or other digestive symptoms (Table 2). Theeefor3469-1304C>G could be considered
a CF-causing mutation associated with classic CF.

The ¢.3874-4522A>G variant was the most frequewtuingroup of patients (10 out of 19). In

these patients, symptom onset was delayed, and sébrtteem had only few symptoms,



suggesting CFTR-RD (Table 2). For instance, patiet was infertile (CBAVD), and his

sister (P17) had bronchiectasis and allergic bropaimonary aspergillosis with normal
pulmonary function. The two oldest patients with th3874-4522A>G variant (P10 and P19)
underwent major lung surgery (lobectomy and dolilngr transplant, respectively). The
variant ¢.1523T>G (p.Phe508Cys), which has beencasd with CFTR-RD phenotypes
[13], was located imisto the ¢.3874-4522A>G variant in two patients. Tdrge spectrum of

phenotypes associated with this mutation was ieegent with the 125bp-PE inclusion rate
that varied among patients carrying the c.3874-A5%2 variant. Therefore, it has to be

considered as a potentially CF-causing variang@retic counselling.

Geographic origin of the intronic variants

The identification of the geographic origin o€&TR variant, especially when it is a potential
CF-causing mutation, is crucial for CF carrier strieg strategies. To this aim, we centralized
and analysed all available data about the geograpfgin of patients carrying the identified
intronic variants. We also assessed and compaeclaplotypes at theFTR locus associated
with these variants (Suppl. Figure 5).

Although we did not find a specific origin for tle2989-313A>T variant, we think that a
CFTR haplotype could be linked to this variant on tfasib of the conservation of the first
five studied intragenic microsatellite markershe three families (P1 to P4 families).

We identified the ¢.3469-1304C>G variant in oneguatwith CF from Guinea, one patient
with CF from French Caribbean Islands, and threéiepis with CF from Senegal.
Conversely, we have not yet found this mutatiopatients of Caucasian origin (unpublished
data from the four French laboratories involvedthis study). All patients carrying this

variant had the same haplotype (P5 to P8 families).



Finally, patients with the ¢.3874-4522A>G variardres from different countries, from France
to Middle-East (Iran), and Asia (Laos). Microsatellmarkers analysis in the families of
patient P14 and of patients P17 and P18 did ndtlibigt any haplotype conservation, which

is consistent with the various origins of this poessly reported variant [9].

DISCUSSION

Increasing numbers of intronic sequence insertesmdES in mature transcripts of
various genes have been reported in the literature,their role in human diseases has been
largely demonstrated [14-16]. mMRNA analysis coudddroposed as a routine procedure to
directly identify and characterize these spliciragiants [11,17], but various factors limit its
use, particularly, sample accessibility, low quignénd stability, and the rate of transcript
degradation caused by premature stop codons geddsgtintronic variants [18]. The value
of whole-genome sequencing for the identificatidnvariants in genes involved in rare
diseases is now recognized [19,20]. Sequence amalyshe wholeCFTR locus recently
revealed the second disease-causing variant inoougly unexplored intronic regions [7,21].
Until now, and to our knowledge, only six deep-@mic disease-causing variants have been
identified in theCFTR gene [7,21-25]. In patients with moderate form&€bfand CFTR-RD,

a residual quantity of full-lengt@FTR transcripts remains detectable [13], and this setem
be correlated with the disease severity [26]. Thughese milder phenotypes, deep-intronic
variants may be even more frequent.

In this work, we fully characterized three diseasaesing variants deeply located in
introns of theCFTR gene that were previously predictedihysilico tools to induce aberrant
splicing [7]. The splicing efficiency and specificidepend on the natural splice site strength,
and the binding of splicing regulatory proteins ttlmchestrate exon recognition [27].

Disease-causing deep-intronic variants mostly teathe inclusion of an intronic portion of



the gene that is recognized as a coding sequenee FIE) due to a favourable gene
architecture [14]. This usually results from theatron or the activation of a novel donor or
acceptor splice site associated with the use akeapisting cryptic acceptor or donor splice
site, respectively, ignored by the splicing machmén the WT sequence. Here, we
demonstrated the activation of two donor (c.2989/34T and c¢.3469-1304C>G) and one
acceptor (c.3874-4522A>G) splice sites that wefeiehtly predicted byin silico tools.
However, our criteria to define cryptic exon recitign were “manually” set (i.e., length of
the putative cryptic exon <300bp, predicted bindimgtifs for splicing regulatory proteins,
and pre-existing non-canonical strong acceptor arod splice sites). We also found that
some intronic variants predicted to have a stromggict on splicing (e.g., the c.53+3158A>G
variant; Suppl. Figure 1A) did not lead to spliciadterationsex vivo. Indeed, other
parameters may influence exon recognition, thusimgak silico predictions less reliable and
accurate. These parameters include the presermamth points [28], gene architecture [29],
conserved RNA secondary structures [30], preserfcdlo sequences in introns that
potentially produce Alu-Alu dsRNA structures in mRNorecursors [31], differential GC
content between exons and introns [32], and cdinficeffects exerted by splicing regulatory
proteins. All the events described above can aésodmbined [17], leading to the complete
absence of full-length transcripts. Therefore, mtgahs should be taken with caution to avoid
the exclusion of some candidate disease-causingngar Alternativelynon-pathological PE
inclusion could occur, as it has been describedther a-tropomyosin gene and the ATM
serine/threonine kinase gene [15,33] through raoent of negative factors that repress the
inclusion event [34]. Therefore, prediction tooésjuire some improvements to be routinely
used for deep intronic regions analysis. As thdipton of the effect of a splice variant
remains challenging, mMRNA analysis anditro splicing studies are crucial to determine the

pathogenicity of a variant.



However, the combination of these molecular apgrea does not allow to precise
determination of the residual rate of full-lengif+ TR transcripts [18] and the phenotypic
spectrum associated with the variant. For instati@ecomplete inclusion of a PE due to the
€.3469-1304C>G variant was clearly associated \h#h most severe phenotypes in the
cohort, in spite of the fact that this variant wa®viously reported in two sisters with
divergent phenotypes (one with CF, the other willisa severe phenotype) [8]. Moreover, we
did not detect any PE inclusion in the NEC samptenfthe young patient P13 (c.3874-
4522A>G variant). Modifier genes, encoding proteingsolved in the defence against
pathogens [35] or in splicing regulation [36], gmoissibly an age-related exhaustion of the
splicing machinery could contribute to the splicidifferences among patients and to the
resulting phenotypic variability. These splicinguéation mechanisms, the constraints related
to the nucleotide environment that challenge thggieof minigene constructs (e.g., shorter
donor site, 35bp, included in the ¢.2989-313 mingye&onstruct due to a G-tract), and
nonsense-mediated decay also could contributeetaligtrepancies in the PE inclusion level
among experiments. Even if some very mild phenaypere associated with the ¢.2989-
313A>T and c.3874-4522A>G deep intronic variantspeeially in younger patients, no
asymptomatic compound heterozygote has been repenee 2015, when their detection
was included in the routine molecul@F TR strategy in the four French laboratories involved
in this study. Their absence in healthy individusuggests the full penetrance of these deep-
intronic variants.

Sequencing data could improve our understandirgenbtype/phenotype correlations.
Epidemiological data are progressively includedcare (dbSNP) [37] and locus-specific
databases (e.g., CFTR-France [12]); however, thmeystll lacking for rare introni€CFTR
variants. A collection of variants in non-codingians of theCFTR gene could help to assess

their potential role as genetic factors that mottiy phenotype [38].



Efforts are currently made for developing therapiest target disease-causiG§TR
variants that also affect splicing, highlightingetmeed to fully determine the impact of
intronic CFTR variants. A recent study reported timevitro restoration of normal splicing
after CRISPR/Cas9 targeted excision of the varia®718-2477C>T (3849+10kbC>T)
followed by non-homologous end-joining repair [38]e developed a different approach that
involves the use of blocking oligonucleotides sfieally designed to avoid aberrant PE
inclusion. Indeed, we previously demonstrated tin@t use of sequence-specific blocker
oligonucleotides successfully restore normal spljciindicating that personalized strategies
are possible for patients with CF harbouring dedmnic disease-causing variants [7].

In conclusion, this work demonstrates that novekdse-causing variants can still be
discovered in CF and CFTR, thanks to the tailors@ wf new molecular diagnosis
technologies. Due to their unexpected recurrerargeted screening of the three identified
variants should be included in the routine stratégy diagnosis and carrier screening.
Moreover, the ¢.3469-1304C>G variant might comenfra common African ancestor and
should be specifically screened in these populatiofrhe detection of exonic variants
(c.627A>G and ¢.1523T>G) in a complex allele witR989-313A>T and ¢.3874-4522A>G,
respectively, should also lead to the targetedckeaf these two deep-intronic variants,
prospectively and retrospectively. Finally, the&currence in patients with CF and CFTR-RD
should encourage the development of novel targetbdocker oligonucleotide combinations

to rescue normal splicing and offer new therapeypitons to these patients.
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Confirmation of

. - included in Familial A h S
Affected relatives familial - - availability PE inclusion in
Cases | Genotype in this study segr egation NGS cohort Paternal origin Maternal origin Haplotypeﬁ of NEC CETR
16l analysis transcripts
P1 ¢.[53+3158A>G;627A>G;2989-313A>T];[2810dup] No Yes Yes France France (Brittany) Yes Yes (P1n) Yes (Fig.1)
P2 ¢.53+3158A>G(;)627A>G(;)2989-313A>T(;)1116+1G>A Y(ES's sister) No Yes NC NC Yes No NA
P3 €.53+3158A>G(;)627A>G(;)2989-313A>T(;)1116+1G>A Yes (P2’s brother) No No NC NC Yes No NA
P4 ¢.53+3158A>G(;)627A>G(;)1521_1523del(;)2989-313A>T No No No NC NC Yes No NA
P5 €.[3469-1304C>G];[3469-1304C>G] No Yes No Guinea Conackry Guinea Conackry Yes No NA
P6 C.[254G>A];[3469-1304C>G] No Yes Yes Guadeloupe I sland France Yes Yes (P6n) Yes (Suppl Fig.2)
P7 €.[1521_1523del];[3469-1304C>G] Yes (P8's sister) Yes No Senegal France Yes No NA
P8 c.[1521_1523del];[3469-1304C>G] Yes (P7’s sister) esY No Senegal France Yes No NA
P9 €.[2989-1698 3469-4460del];[3469-1304C>G] No Yes No Senegal Senegal No No NA
P10 €.1523T>G(;)1521_1523del(;)3874-4522A>G No No Yes pais - Belgium France No Yes (P10n)  Yes (SupplJjig.
P11 ¢.1521_1523del(;)3874-4522A>G No No Yes Poland France (Alsace) No No NA
P12 €.1521_1523del(;)3874-4522A>G No No Yes Francesthdm France (Brittany) No Yes (P12n)  Yes (Suppl3ji
P13 c.1798A>G(})3874-4522A>G No No No France (Alsace) Frg’\:&géﬁ':gge)' No Yes (P13n) No
P14 ¢.[1521_1523del];[1523T>G;3874-4522A>G] No Yes No CN NC Yes Yes (P14n)  Yes (Suppl Fig.3)
. Yes (P15's Yes but

P15 €.[1585-1G>A];[3874-4522A>C] brother) partial No France Guadeloupe Island No No NA
P16 C.[1585-1G>A];[3874-4522A>G] Yes (P16's sister) Lzsr‘t;‘f‘ No France Guadeloupe Island No No NA
P17 ¢.[1521_1523del];[3874-4522A>G] Yes (P18's sister) Yes No Laos France Yes No NA
P18 c[1521 1523del];[3874-4522A>G] Ygrsogsg) s Yes No Laos France Yes No NA
P19 €.1393-1G>A(;)3874-4522A>G No No No Iran Iran No No NA

NC: not communicated; ND: Not determined ; Originsin bold letters correspond to the inheritance of deep intronic variantsif known (familial segregation)

Table 1. Genotypes, geogr aphical origins, available material and level of molecular analysisfrom patientsincluded in the study



Onset of IRT Sweat Respiratory symptoms Digestive manifestations ENT
Cases Genotype Gender DoB symptoms test P i Infertility
(years) (ng/m) (mmol/L) I:(I;)\;l BD Other inasrl]fl‘:;i?elr::cy Other symptoms
P1 Eleisais s M 1995 14 NA  109-110 49 ves Pneumothorax No s No NC
;[2810dup] -99 occlusion
¢.53+3158A>G(;)627A>G S aureus colonization,
P2 ()2989-313A>T(:)1116+1G>A F 1986 1 NA ~ 130-146 101 No Chronic bronchitis, No No NA
€.53+3158A>G(})627A>G : o )
P3 ()2989-313A>T(:)1116+1G>A M 1983 14 NA NC 85 NC  P. aeruginosa colonization No Polyposis Yes
€.53+3158A>G(;)627A>G(;)1521_1523del 94 -92 - Mucoid P. aeruginosa and .
P4 ()2989-313A>T M 1968 33 NA 108 130 No S aureus colonization No Polyposis Yes
Mucoid P. aeruginosa and A
= - o 0,
P5 €.[3469-1304C>G];[3469-1304C>G] M 1994 <1 NA 127 70% Yes R IR Yes liver injury No Yes
P6 c.[254G>A];[3469-1304C>G] F 2007 <1 NA  105-105 NC  No Pse”do"gﬁ;]:;%e'n“g' nosa Yes NC NA
Pseudomonas aeruginosa
P7 €.[1521_1523del];[3469-1304C>G] F 2009 NBS 170 110 - 112 119 No infection, bronchial Yes No NA
syndrome
P8 c.[1521_1523del];[3469-1304C>G] F 2011 NBS 181 94-97 99 No Pse“d"crz‘l’g‘r?isz o o= Yes Yes NA
. Pseudomonas aeruginosa low BMI,
P9 Gl Grlpera CITEl) M 2017 1.5 NA 103 NA No infection, Bronchial Yes hepatic No ND
[3469-1304C>G] ¢
syndrome cytolysis
Pseudomonas aeruginosa
¢.1523T>G(;)1521_1523del . N N
P10 ()3874-4522A>G M 1968 childhood NA 60 29 Yes colonlz?rt{;cr)]r;,ptltl:r:ible lung No NC Yes
P11 ¢.1521_1523del(;)3874-4522A>G M 1977 28 NA NC 103 Yes Yes NC ND
P12 c.1521_1523del(;)3874-4522A>G M 1979 13 NA 55 - 47 53 Yes No Chronic Yes
pansinusitis
! 50 - 77 — . acute
P13 €.1798A>G(;)3874-4522A>G M 2007 4 189 21 99 Yes infant asthma No o No ND
pancreatitis
. Yes (Chronic
€.[1523T>G;3874-4522A>G]; 51-60 Suppurative syndrome very small PR
P14 (1521 1523del] M 1993 o NA~ 44-49 89 Yes since childhood No galbladder ~ Pansinusitis ND
polyposis)
PI5  c[1585-1G>A];[3874-4522A>G] M 2008 9 posiive  °2°°~  NC  Yes bronchial hyperreactivity No ;ﬁzégg‘; ND
P16 c.[1585-1G>A];[3874-4522A>G] F 2016 15 positve  intermediate  NA  No No repeated. NA
rhinosinusitis
. ~ 78 - 80 Aspergillus
P17 c.[1521_1523del];[3874-4522A>G] F 1987 13 NA 87 _og 98 Yes goooh ol No Yes NA
P18 c.[1521_1523del];[3874-4522A>G] M 1992 Mo Sayt”;p“’m NA NC 116 No No No Yes
P19 €.1393-1G>A(})3874-4522A>G F 1974 9 NA 50-48 s oymp  lvEmemsisdllle No Yes NA

abcess

Table 2. Demogr aphic, clinical and biological data of the 19 patientsincluded in the study.

IRT : Immunoreactive Trypsinemia measured at Day 3 of life; BD : Bronchectasies ; DoB : Date of Birth, NC : not communicated ; NA : not applicable ; ND : Not determined
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