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Take it personally: how personal we reach when we are so different from
each other?
When the CFTR gene was cloned almost 30 years ago, at
least 7 CFTR mutations were expected according to the
haplotypes [1]. The first identified mutation was the F508del.
It was further shown that homozygous patients to this mutation
had different phenotype compared to heterozygotes or those
who did not carry this mutation [1–3]. Then, mutations with a
milder and atypical phenotype were reported [4]. Over 2000
CFTR sequence variants were reported to the CFTR1 mutation
database (http://www.genet.sickkids.on.ca/), and nearly 300 are
known to cause the CF disease (https://www.cftr2.org/). CFTR
gene mutations were classified according to the molecular
mechanisms by which they cause CFTR protein dysfunction
[5], and it was thought that drugs can be developed as class
specific. In vitro cellular models were used to test the effect of
many compounds on the mutated CFTR. The first breakthrough
was the development of Kalydeco (ivacaftor), a potentiator
drug for class III gating mutations. Subsequently, the FDA
approved prescription of Kalydeco to patients carrying a list of
residual function mutations, based on their effect on CFTR
function in vitro, in non-human cells! The next drug, Orkambi,
combining the potentiator (lumacaftor) with a corrector
(ivacaftor) is indicated for patients homozygous for the class
II F508del mutation. In vitro studies showed a lesser and
variable response to Orkambi in other class II mutations [6,7].
This led to the novel concept of “theratypes”, which groups
CFTR variants according to their effect on the CFTR protein
and their response to corrector and/or potentiator compounds
[8]. This requires investing resources to test the effect of each
drug on a specific mutation or even on a specific patient.

Furthermore, variable response to Kalydeco and Orkambi
among patients carrying the same genotype was shown. Since
these drugs are extremely expensive, it could be argued that
only patients that show clinical benefit should take them.
Therefore, in-vitro cellular models and genetic tools are needed
to predict patient-specific clinical outcomes.

Several approaches were taken to meet this need. In this JCF
issue, Clancy et al. report on a workshop of international
experts organized by the CFF which discussed the use of
preclinical models to examine the nature of CF-causing variants
in CFTR, focusing on CFTR theratyping and the role of in vitro
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CFTR modulators testing to predict in vivo response to
modulators [9]. The cellular models discussed include Human
Bronchial Epithelial cells (HBEs), Human nasal epithelial cells
(HNEs), gastrointestinal and respiratory organoids and iPSCs.
All these systems allow testing of drug response in vitro, on the
endogenous CFTR alleles in their native context in different
human cell systems. The paper by Clancy et al., discusses the
advantages and limitations of each of these models. While the
HBEs are the gold standard for successful translation of drug
development based on currently approved drugs, their main
limitation is the need to obtain them by bronchoscopy from
bronchial epithelial cells or from explanted lungs after
transplantation. In addition, their growth in culture is restricted.
This becomes critical in cases of attempts to develop drugs for
rare CFTR mutations. Therefore many scientists turned to work
with HNEs as a drug response predicting models [10–13].
These cells are easier to obtain from patients by nasal brushing,
however, their expansion in cultures is limited.

Further studying the potential use of organoids and iPSCs as
patient-derived model systems is highly important, as they offer
a limitless supply of donor cells based on their progenitor cells.
iPSCs also have a unique potential advantage, as they can in
principle be differentiated into any CF relevant epithelia that
are inaccessible otherwise (such as pancreatic cells). The
current limitation is that the differentiation protocols are still in
development. It is worth noting that iPSCs may suffer from
aneuploidy, further exposing the cells to genomic instability
[14] and thus careful karyotyping is required.

The variation in clinical response of patients carrying the
same mutation may result from genetic differences, highlight-
ing the need for comprehensive genetic model systems and
clinical data. Indeed, in this issue Eckford et al. [15] report on
the CF Canada-Sick Kids Program in Individual CF Therapy
(CFIT), a first of its kind, generating a comprehensive resource
containing patient-specific cell cultures and data from 100 CF
individuals that will enable modeling of therapeutic responses.
They are collecting nasal epithelial cells, generating matched
gene expression data obtained by RNA sequencing from the
primary nasal tissue, whole genome sequencing of blood
derived DNA from each participant, induced pluripotent stem
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cells (iPSCs), and CRISPR-edited isogenic control iPSC lines.
All will be correlated with clinical data and response to CFTR
modulator therapies. These tools will focus on assessing patient
specific responses that predict individual outcomes to current
and emerging modulators targeting F508del-CFTR and facili-
tate therapy discovery for rare CF causing mutations.

The current CFTR modifiers, although showing benefit to
patients with CF, are far from curing CF. Chronic infection and
excessive neutrophilic inflammation persist, which cause
progression of lung damage. Currently no efficient anti-
inflammatory drug is available. In vitro studies lack a robust
model to study neutrophil function, since neutrophils do not
multiply and have a short life span. In this issue, Jennings et al.
[16] generated a homozygous F508del-CF promyelocytic cell
line by taking advantage of the CRISPR/Cas9 gene-editing
technology, from which unlimited CF neutrophil cells can be
differentiated. The derived cells show defective CFTR
presentation, deficient phagosomal hypochlorous acid (HOCl)
production and compromised microbial killing, suggesting that
this human CF promyelocytic cell line might have important
implications in CF basic research and drug screening, as well as
in studying drug effects on neutrophil function.

These three papers describe cellular systems that can be or
are already used to predict response to therapy in vivo. More
studies are needed to correlate the response in the different in
vitro systems to clinical response, since other genes, most of
them unknown yet, can modify the response in vivo. The
SLC29A6 gene was suggest to modify response to Kalydeco by
modulating the airway response to CFTR directed therapies
[17]. The cost of the CFTR modifier therapies, and the possible
need to take several in combination in order to achieve full
CFTR correction of function, emphasizes the need for various,
complementary cellular systems and clinical data that may
together enlarge the basis for predicting CFTR drug response in
a patient-specific manner.
References

[1] Kerem B, Rommens JM, Buchanan JA, Markiewicz D, Cox TK,
Chakravarti A, et al. Identification of the cystic fibrosis gene: genetic
analysis. Science 1989;245:1073–80.

[2] Riordan JR, Rommens JM, Kerem B, Alon N, Rozmahel R, Grzelczak Z,
et al. Identification of the cystic fibrosis gene: cloning and characterization
of complementary DNA. Science 1989;245:1066–73.

[3] Kerem E, Corey M, Kerem BS, Rommens J, Markiewicz D, Levison H,
et al. The relation between genotype and phenotype in cystic fibrosis–
analysis of the most common mutation (delta F508). N Engl J Med 1990;
323:1517–22.

[4] Augarten A, Kerem BS, Kerem E, Gazit E, Yahav Y. Correlation between
genotype and phenotype in patients with cystic fibrosis. N Engl J Med
1994;330:866.

[5] Ratjen F, Bell SC, Rowe SM, Goss CH, Quittner AL, Bush A. Cystic
fibrosis. Nat Rev Dis Prim 2015;1:15010. https://doi.org/10.1038/nrdp.
2015.10.

[6] Dekkers JF, Gogorza Gondra RA, Kruisselbrink E, Vonk AM, Janssens
HM, de Winter-de Groot KM, et al. Optimal correction of distinct CFTR
folding mutants in rectal cystic fibrosis organoids. Eur Respir J 2016;48:
451–8. https://doi.org/10.1183/13993003.01192-2015.
[7] Awatade NT, Uliyakina I, Farinha CM, Clarke LA, Mendes K, Solé A,
et al. Measurements of Functional Responses in Human Primary Lung
Cells as a Basis for Personalized Therapy for Cystic Fibrosis.
EBioMedicine 2015;2:147–53. https://doi.org/10.1016/j.ebiom.2014.12.
005.

[8] Cutting GR. Cystic fibrosis genetics: from molecular understanding to
clinical application. Nat Rev Genet 2015;16:45–56. https://doi.org/10.
1038/nrg3849.

[9] Clancy JP, Cotton CU, Donaldson SH, Solomon GM, VanDevanter DR,
Boyle MP, et al. CFTR modulator theratyping: Current status, gaps and
future directions. J Cyst Fibros 2019;18(1):19–31.

[10] Pranke IM, Hatton A, Simonin J, Jais JP, Le Pimpec-Barthes F, Carsin A,
et al. Correction of CFTR function in nasal epithelial cells from cystic
fibrosis patients predicts improvement of respiratory function by CFTR
modulators. Sci Rep 2017;7:7375. https://doi.org/10.1038/s41598-017-
07504-1.

[11] de Courcey F, Zholos AV, Atherton-Watson H, Williams MTS, Canning
P, Danahay HL, et al. Development of primary human nasal epithelial cell
cultures for the study of cystic fibrosis pathophysiology. Am J Physiol
Cell Physiol 2012;303:C1173–9. https://doi.org/10.1152/ajpcell.00384.
2011.

[12] Brewington JJ, Filbrandt ET, LaRosa FJ, Moncivaiz JD, Ostmann AJ,
Strecker LM, et al. Brushed nasal epithelial cells are a surrogate for
bronchial epithelial CFTR studies. JCI Insight 2018;3. https://doi.org/10.
1172/jci.insight.99385.

[13] van Meegen MA, Terheggen-Lagro SWJ, Koymans KJ, van der Ent CK,
Beekman JM. Apical CFTR expression in human nasal epithelium
correlates with lung disease in cystic fibrosis. PLoS One 2013;8:e57617.
https://doi.org/10.1371/journal.pone.0057617.

[14] Lamm N, Ben-David U, Golan-Lev T, Storchová Z, Benvenisty N, Kerem
B. Genomic Instability in Human Pluripotent Stem Cells Arises from
Replicative Stress and Chromosome Condensation Defects. Cell Stem
Cell 2016;18:253–61. https://doi.org/10.1016/j.stem.2015.11.003.

[15] Eckford PDW, McCormack J, Munsie L, He G, Stanojevic S, Pereira SL,
et al. The CF Canada-Sick Kids Program in individual CF therapy: A
resource for the advancement of personalized medicine in CF. J Cyst
Fibros 2019;18(1):32–40.

[16] Jennings S, Ng HP, Wang G. Establishment of a ΔF508-CF
promyelocytic cell line for cystic fibrosis research and drug screening. J
Cyst Fibros 2019;18(1):41–50.

[17] Strug LJ, Gonska T, He G, Keenan K, Ip W, Boëlle P-Y, et al. Cystic
fibrosis gene modifier SLC26A9 modulates airway response to CFTR-
directed therapeutics. Hum Mol Genet 2016;25:4590–600. https://doi.org/
10.1093/hmg/ddw290.

Eitan Kerem
Cystic Fibrosis Center, Hadassah-Hebrew University Medical Center,

Jerusalem, Israel

Yifat S. Oren
SpliSense Therapeutics, Givat Ram Campus, Hebrew University, Jerusalem,

Israel

Batsheva Kerem
SpliSense Therapeutics, Givat Ram Campus, Hebrew University, Jerusalem,

Israel c
Corresponding author at: SpliSense Therapeutics, Givat Ram Campus, Hebrew

University, Jerusalem, Israel.
E-mail address: batshevak@savion.huji.ac.il

http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0005
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0005
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0005
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0010
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0010
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0010
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0015
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0015
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0015
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0015
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0020
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0020
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0020
https://doi.org/10.1038/nrdp.2015.10
https://doi.org/10.1038/nrdp.2015.10
https://doi.org/10.1183/13993003.01192-2015
https://doi.org/10.1016/j.ebiom.2014.12.005
https://doi.org/10.1016/j.ebiom.2014.12.005
https://doi.org/10.1038/nrg3849
https://doi.org/10.1038/nrg3849
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0045
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0045
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0045
https://doi.org/10.1038/s41598-017-07504-1
https://doi.org/10.1038/s41598-017-07504-1
https://doi.org/10.1152/ajpcell.00384.2011
https://doi.org/10.1152/ajpcell.00384.2011
https://doi.org/10.1172/jci.insight.99385
https://doi.org/10.1172/jci.insight.99385
https://doi.org/10.1371/journal.pone.0057617
https://doi.org/10.1016/j.stem.2015.11.003
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0075
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0075
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0075
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0075
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0080
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0080
http://refhub.elsevier.com/S1569-1993(18)30946-9/rf0080
https://doi.org/10.1093/hmg/ddw290
https://doi.org/10.1093/hmg/ddw290

	Take it personally: how personal we reach when we are so different from each other?
	References


