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Abstract

Mini Review

Therapy appeared in 1993, and since then there have been more than 20 clinical trials 
of both viral and non-viral gene transfer agents. These have generally been single 
portion to one or the other nose or lower aviation routes and have been planned around 
atomic or bioelectrical result measures. Both transgene mRNA and partial correction of 
chloride secretion have been reported, although sodium hyper absorption has not been 
improved. The U.K. Cystic Fibrosis Gene Therapy Consortium is centred around a clinical 
program to lay out whether these verifications of guideline measures convert into a 
clinical advantage. Here, we audit the distributed writing, talk about the impediments 
to quality treatment in the CF aviation route, and consider issues impacting the plan of 
clinical preliminary projects.

Keywords: Gene transfer • Vector • Outcome measurements • Cystic fibrosis 
transmembrane conductance regulator

Introduction
Mutations in the Cystic Fibrosis Transmembrane Conductance 

Regulator (CFTR) gene causes life threatening autosomal 
recessive disease cystic Fibrosis (CF), which is inherited from one parent 
to the next. On chromosome 7, the gene, which has 27 exons is located. 
In addition to regulating epithelial sodium channel and bicarbonate 
transport, the CFTR protein produced by the CFTR gene cAMP-regulated 
chloride channel is found in the apical membrane of exocrine epithelial 
cells [1]. It is conflicting evidence on its role in regulating the pH of 
intracellular organelles and the consequences on cellular processes 
such as sialylation and sulfation. In patients with CF, CFTR protein 
capability might be strange because of an absence of creation (Class 
1 transformations), inability to arrive at its site of activity due to 
misfolding (Class 2; the commonest Caucasian defect is Phe508Del), 
defects in gating (Class 3), conductance (Class 4), abnormally low 
channel numbers (Class 5), or decreased half-life (Class 6). Although 
the CFTR protein is produced in many internal organs, these mutations 
mostly affect the respiratory, gastrointestinal, and reproductive systems, 
resulting in obstruction by thick, viscous secretions at each of these 
locations. More than 90% of patients die from pulmonary illness, 
which also causes a majority of CF-related morbidity [2]. This multisystem 
clinical picture and the genetic abnormality have a complex and 
poorly understood relationship.
Modes: Standard

It has been shown that CF aviation route epithelia have unusually 
high paces of sodium (and consequently water) assimilation, which gets 
dried out the aviation route surface fluid and impedes bodily fluid vehicle.  

Journal of Pharmaceutical Sciences and Drug Development 2022, Vol. 4, Issue 3, 001-004

All the more as of late, vibrating society, which might summarize the 
in vivo setting better compared to the traditional static culture model, 
hasexhibited that these cycles are very much safeguarded until a 
"second hit" in the form of viral infection occurs [3]. Once the 
airway surface becomes dehydrated, Mucociliary Clearance (MCC) 
mechanisms fail to remove any inhaled bacteria, which infect the 
lower airways and lead to inflammation. It has been demonstrated that 
CF airway epithelia absorb salt and consequently water at abnormally 
high rates, dehydrates the liquid at the airway's surface, and hinders 
mucus transport. More recently, vibrating culture has shown these 
mechanisms are well conserved up until a "second hit" in the form of 
viral infection, which may better mimic in vivo environment than the 
traditional static culture paradigm [3]. When the Mucociliary Clearance 
(MCC) systems fail to eliminate any germs inhaled, the airway
surface gets dehydrated, infecting the lower airways and causing
inflammation. Exaggerated, protracted, ineffective, and other aberrant
characteristics characterise the inflammatory response in CF, at least
during chronic infection phases [4]. Mucus viscosity is further
increased and tissue breakdown is aided by inflammatory cell 
components like DNA and elastase that are present in the airway.

Cystic Fibrosis (CF) results from different changes in the 
quality encoding the Cystic Fibrosis Trans-Membrane Conductance 
controller (CFTR) protein, a cAMP-directed chloride divert in 
epithelial cells [1]. The brokenness of CFTR is expected either to 
absence of creation, the disappointment of the protein to arrive at its 
site of activity on the apical layer of the cell or to abandon in 
capability. Despite the fact that CFTR protein is communicated in 
numerous organs, the clinical picture is overwhelmed by sickness in 
the respiratory, gastrointestinal, and conceptive lots, relating in 
every one of these destinations to disabled leeway and hindrance by 
thick emissions. Of these sites, pulmonary disease accounts for most 
of the morbidity associated with CF and is the cause of death in more 
than 90% of patients [2]. Multiple mutations in the gene encoding the 
cystic fibrosis transmembrane conductance regulator (CFTR), a cAMP-
regulated chloride channel, cause cystic fibrosis (CF) among epithelial 
cells [1]. CFTR dysfunction can result from a deficiency failure to 
produce, inability to reach its target, the cell's apical membrane, or to 
functional flaws. Despite the fact that CFTR protein is expressed in 
numerous tissues, respiratory illness dominates the clinical picture 
relation between the reproductive, gastric, and these areas to viscosity 
impeded clearance & blockage secretions. The majority of these sites are 
impacted by pulmonary illness. CF-related morbidity, and is the cause 
of death in greater than 90% of patients [2]. It was first functionally 
recognized as a chloride particle channel on the apical surface of 
epithelial cells. The protein has since been displayed to have 
capabilities notwithstanding chloride particle transport, which might 
assume a part in sickness pathogenesis, including guidelines of 
various channels. Inhibition of the epithelial sodium ion channel leads 
to sodium hyper absorption (and thus water down its osmotic 
gradient) in the CF airway [3]. Additionally, it has been demonstrated 
that CFTR controls the activity of the outwardly rectifying chloride 
channel, perhaps via ATP trans-evidence indicating that the protein 
participates in control aquaporins& basolateral potassium channels 
[5,6,7]. Additionally demonstrated to be significant in Mucins' 
sulfation , and glycosylation of cell surface glycoconjugates [8,9]. 
The asialylated varieties of glycans CF's surface is more frequently 
covered in lipids. Pseudomonas aeruginosa serves as receptors for 
Staphylococcus aureus  and other bacteria crucial to the progression of 
CF [10]. The precise function of CFTR dysfunction in the chain of events 
leading to persistent airway inflammation and Infection.

https://nursinghealthcare.nursingconference.com/conference-brochure.php
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Conventional management of cystic fibrosis lung disease and the need for 
novel approaches

The goals of treating the lungs at various illness stages 
vary prevention, elimination, or a decrease in the burden of bacteria; 
decreasing inflammation, and addressing the side effects of diabetes 
advanced illness. The most effective respiratory remedies challenge for 
patients and families; nebulized therapy. It frequently takes over an 
hour to administer inhaled medications and antibiotics. During times of 
good health, every day, and for a lot longer when the patient's breathing 
condition worsens. Additionally to how this treatment affects patients' 
daily lives negative effects of this type of medication, such as kidney 
harm brought on by prolonged use of antibiotics with aminoglycosides, 
are becoming recognised more widely. Despite this rigorous therapy, 
more than 90% of CF patients will pass away from chronic respiratory 
failure unless they receive a transplant; each operation has its own 
morbidity and mortality. The current average lifespan of CF sufferers in 
developed countries. Despite great progress, countries still have a long 
way to go normal. Novel therapeutic strategies that prevent or mitigate 
the consequences of CFTR deficiency or the signs resulting from them, 
truly focus on the fundamental flaw, could have the capacity to stop 
disease progression and decrease the need for treatment for 
numerous therapy, enhancing the effectiveness and the  length of time.

CF Genetic Therapy
Since the discovery of the CFTR gene in 1989, numerous 

attempts have been undertaken, in particular, to in the settings of the 
laboratory, preclinical testing, and clinical trials, gene therapy, can be 
used to address the underlying problem. Until now, more than 20 
clinical trials have been carried out using a range of agents for both viral 
and nonverbal gene transfer (Table 1). Considering the layout and results 
of these studies, it might be the reader's understanding of some of the 
issues and obstacles that have impeded the comparatively modest 
progress in this area.

Deficiencies in CFTR gene transfer
Significant barriers to gene transfer: The lungs present 

substantial obstacles to gene transfer and some increase in CF of 
these. Both of the mucosal parts are airway secretions and the cell's 
ciliary clearance system considerable obstacle to exogenous gene 
transfer on the surface. A thin, clear film is produced by the healthy 
respiratory epithelium, the proper ciliary function requires a coating of 
mucus, yet that has been demonstrated to prevent gene transfer [11]. In 
patients with CF, excessive mucus with increased viscosity is produced, 
and increased DNA content is a particularly effective barrier to vectors 
for viral and nonviral gene transfer [11,12]. Additional barriers to gene 
expression include the shape of the cell surface glycocalyx, the pace of 
endocytosis, endosomal breakdown processes, and nuclear entry [13]. 
The host immunological response has finally been involved in issues with 
both one-time and recurrent applications in the lung with gene-transfer 
agents. Identifying the viral synthesis of neutralising antibodies and 
coat proteins has produced issues in some tests where the virus was 
applied  repeatedly to control gene transfer [14]. When it comes to nonviral 
gene transfer agents, the plasmid's presence of unmethylated CpG motifs 
DNA has been proposed as the origin of an apparent inflammatory 
response the conservative response, and efforts are focused on 
either deleting or methylating such structures alone [15,16].

It is uncertain which airway cell to target: The sub-mucosal glands of 
the proximal cartilaginous tissues have been observed to include the cells 
that express CFTR most strongly, airways, despite the fact that 
information from another group suggested. They might be the 
ciliated superficial epithelia [17,18]. This is which are the most 
difficult to determine with certainty target cells that are appropriate for 
gene transfer. Application topically using the surface epithelium will 
probably be touched by nebulization, although it may not. Submucosal 
glands are less likely to be contacted. Whether or not a gene will be 
necessary to transmit to these cells for a clinical effect is still to be 
decided. Additionally, surface epithelial cells are most likely terminally 
differentiated even if an integrating vector were to be created safely, gene 
expression would be lost once the cell has died [19]. Supposed respiratory 
stem cells have bigger airways, such as the basal cells, albeit not may be 
challenging to treat because of being exposed to the airway lumen target, 
with the potential to have long-term CFTR effects progeny cell 
expression.

Uncertainty Exists Regarding the Transfection Level Necessary for Clinical 
Benefit: It is obvious that there are many levels of expressiveness 
necessary to restore the various CFTR functions. For instance, For 
chloride  transport to be restored, fewer cells must be rectified than what 
is needed to restore adequate salt absorption [20]. Significant variations 
have also been noted in the correlation ion of ion transport and 
glycoconjugate sulfation which CFTR functions are necessary for 
respiratory health and whether all recognised (and maybe unrecognised) 
must be fixed to stop the spread of disease [21]. A significant unanswered 
question is a progression. Genetic research suggests that CFTR  levels as 
low as 5%–10% of wild-type levels in each cell should be sufficient to 
bestow a significantly increased softer or even absent of illness 
phenotype [22]. Even so, a parainfluenza virus in vitro investigation 
showed that only after then was the restoration of mucus transport 
possible. A cultivated monolayer of cells had at least 25% transfected 
cells [23].

Effectiveness is hard to measure: Like in any study of gene 
transfer, the level of transgenic mRNA and protein can be quantified to 
show the extent of effective transfection. However, CFTR expression is 
at minimal levels in the healthy lung, indicating that transgene levels. 
Protein and mRNA levels will both be low;  presently available, mRNA and 
protein tests might not be sensitive enough necessary to find these 
levels. Importantly, the identification of neither the CFTR protein nor 
the mRNA shows any indication of functional improvement In fact, 
during a number of clinical trials. The correlation between molecular 
endpoints and more functional outcome metrics that are pertinent. 
Verification of function correction, or the assessment of the return of 
ion transport most easily in vivo by transepithelial potential 
measurement difference. In the airways of CF patients, the baseline 
(unstimulated) PD is unusually negative, mostly as a result of the 
hyperabsorption of positively charged because of sodium ions. For this 
reason, CF patients also exhibit an accentuated amiloride reaction to 
the sodium channel blocker. Attempts to increase the release of 
chloride ions, use either low chloride solutions of the cAMP agonist 
isoprenaline because either absent or withheld hyper polarization 
reactions [24, 25] . This kind when the nasal epithelium has been 
delineated is applied for diagnostic purposes in times of difficulty and 
has been used as a measurement for CFTR gene transfer and nasal trials, 
new pharmaceutical substances [26]. Logistics of per-Until recently, their 
application had been constrained by the formation of PD measures 
near the nose. Function could also be deduced from measurements 
further downstream, such as changes in inflammation or the physiology 
of the airways. According to our findings, sputum IL-8 and neutrophils 
following a single dosage of     CFTR-mediated liposomes. After the first, 
gene therapy and the former were also discovered [27, 28]. Adeno-
associated virus dosages but not those afterward immunological 
responses and the negative effects these have on expression following 
numerous applications [14, 29, 30]. To be therapeutic, expression levels 
must be long-lasting, and given the short lifespan of the respiratory 
epithelium, this is most likely to necessitate either repeated 
application or prolonged-expression in a population.

Gene transfer agents with clinical availability: Pros and cons: The 
first patient-based clinical studies for gene therapy were conducted. 
Shortly after the CFTR gene was discovered in the late first concentrated 
on viral vectors in the 1980s (Table 1). Clinical trials using altered drugs 
have been carried out to date. Adeno-associated virus (Ad) or 
adenovirus (AAV). Limitations of this strategy were quickly noted, 
including the absence of particular receptors on the respiratory cells' 
apical surface inflammation in epithelia [1,2,31], which in some cases 
toxicity that is too dangerous, and the development of progenitor cells 
[3,32]. Virological agents include compressed DNA nanoparticles, 
cationic lipids, and Pure DNA (Table 1).

Table 1. CF clinical diagnosis testing.
Test Results

Sweat Test >60 mMol/L-CF 
diagnosis

30-59 mMol/L: 
CFTR genetic 

analysis
<29 mMol/L: 
CF unlikely

Gene Test
CF-causing CFTR 

mutations: CF 
diagnosis

CFTR genotype 
undefined: CFTR 
physiologic test

No CFTR 
mutations: 
CF unlikely

CFTR Physiologic Test
CFTR 

dysfunction: CF 
diagnosis

Testing 
unavailable: CF 
diagnosis not 

resolved

CFTR 
function 

preserved: 
CF unlikely

CF: Cystic Fibrosis, CFTR: Cystic Fibrosis Transmembrane Conductance Regular Gene
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Synthetic (nonviral) vectors

Despite the fact that a variety of strategies have been documented, 
most clinical trials have employed lipid-based gene transfer agents. In 
conclusion, nasal administration has largely side effects. Efficacy has varied, 
with some promising outcomes, both in functional and molecular assays. 
Demon in one trial -stated that it is possible to administer again without 
a decrease in the effectiveness of later doses. We carried out a placebo-
controlled controlled examination of CFTR delivery through liposomes to 
the nose and lung tissue from CF patients [27]. The administration worked 
effectively, though minor respiratory symptoms were observed in both 
teams. Additionally, individuals who receive d therapy experienced 
moderate flu-like symptoms within the first 24 hours, which we think is 
most likely related to the presence of unmethylated CpG, groups on the 
DNA generated from bacteria. Furthermore, after delivery via the nasal 
route, no effects were noted, suggesting that, at least for safety's sake, 
the nasal epithelium suitable substitute location for such testing. This 
trial served to determine whether the lower airway's functional (potential 
difference) changes; the parameter. There was no change in the esters of 
salt absorption, yet there was an elevated excretion of chloride in the active 
group. In conclusion, clinical studies have shown that CFTR gene transfer to 
the airway is safe and repeatable using nonviral vectors. However,  adverse 
effects included supplied through both viral and nonviral methods, and 
generally. Expression lasted only a brief period. Manifestation and the 
degree of functional repair have varied. Notably, it is still uncertain  how 
the level of effectiveness shown might relate to clinical advantage.

Reasoning and plan
Optional nonviral gene delivery technique

Using publicly available information and our personal expertise, 
we found it implausible that, during the wave 1 period. There would be 
a reproducible viral gene transfer agent available. This prompted us 
to analyse the nonviral vectors that were accessible with the following 
criteria: The Nebulizable in sufficient numbers according to Guanosine 
Monophosphate Repetitive.

Preclinical toxicity profile that is reasonable

The cationic lipid GL67 was chosen from a small list and chosen as 
fitting these requirements.

Plasmid alterations

We had noticed flulike responses in a prior clinical trial with GL67, and 
we saw a rather brief duration of gene expression. Therefore, modifications 
were made to eliminate the CpG motifs that promote inflammation, and 
swap the virus a humanised promoter competent in preclinical studies 
evidence of persistent long-lasting gene expression [1, 2, 16,18].

What could the future bring?

Future attempts for clinical improvement will be made possible by 
evidence that CFTR gene transfer can result in clinical improvement, 
and efficacy even more. These may include focusing on stem/progenitor 
cells. Enhancing the function of the airway's cells for long-the capacity to 
consistently offer high-quality expressing viral vectors, ensuring increased 
security so that ethical and practical to deliver to the largely undamaged 
aged airway of a newborn with a new diagnosis.

Conclusion
Researchers have established the theory of gene delivery to the 

patient via years of clinical study in CF gene therapy.CF airway and the 
improvement of some of the fundamental capabilities of the protein 
CFTR. Now, our task is to comprehend what these changes signify for ill 
patients and how they might correlate to indicators of genuine clinical 
improvement. Because it will enable us to enhance and better the current 
gene transfer strategies with the ultimate objective of delivering a treat 
that can slow the deterioration of CF lung disease. 

References
1. Welsh, M. J. & Alan, E. S. "Molecular mechanisms of CFTR chloride

channel dysfunction in cystic fibrosis." Cell 73.7 (1993): 1251-1254 

2. Cystic Fibrosis Foundation. Patient Registry 1994 Annual Data Report.
Bethesda, (1995).

3. Ismailov, I. I., et al. "Regulation of Epithelial Sodium Channels by the

Cystic Fibrosis Transmembrane Conductance Regulator (∗)."J Biol 
Chemsitry 271.9 (1996): 4725-4732. 

4. Schreiber, R., et al. "Cystic fibrosis transmembrane conductance 
regulator activates water conductance in Xenopus oocytes." Pflügers
Archiv 434.6 (1997): 841-847. 

5. Gabriel, S. E., et al. "CFTR and outward rectifying chloride channels
are distinct proteins with a regulatory relationship." Nature 363.6426 
(1993): 263-266. 

6. Mall, M., et al. "cAMP stimulation of CFTR-expressing Xenopus
oocytes activates a chromanol-inhibitable K+ conductance." Pflügers
Archiv 432.3 (1996): 516-522. 

7. Schreiber, R., et al. "Cystic fibrosis transmembrane conductance 
regulator activates water conductance in Xenopus oocytes." Pflügers
Archiv 434.6 (1997): 841-847. 

8. Cheng, P. W., et al. "Increased sulfation of glycoconjugates by cultured 
nasal epithelial cells from patients with cystic fibrosis." J Clin Investig
84.1 (1989): 68-72. 

9. Dosanjh, A., et al. "Heterologous expression of delta F508 CFTR results 
in decreased sialylation of membrane glycoconjugates." Am J Physiol 
Cell Physiol 266.2 (1994): C360-C366. 

10. Saiman, L. & Alice, P. "Pseudomonas aeruginosa pili bind to asialoGM1 
which is increased on the surface of cystic fibrosis epithelial cells." J 
Clin Investig 92.4 (1993): 1875-1880.

11. Kitson, C., et al. "The extra-and intracellular barriers to lipid and
adenovirus-mediated pulmonary gene transfer in native sheep airway
epithelium." Gene therapy 6.4 (1999): 534-546. 

12. Lethem M. I., et al. The origin of DNA Associated with mucus
glycoproteins in cystic fibrosis sputum. Eur Respir J 1990; 3:19–23. 

13. Pickles, R. J., et al. "Retargeting the coxsackievirus and adenovirus
receptor to the apical surface of polarized epithelial cells reveals the
glycocalyx as a barrier to adenovirus-mediated gene transfer." J Virol 
74.13 (2000): 6050-6057. 

14. Zabner, J., et al. "Repeat administration of an adenovirus vector
encoding cystic fibrosis transmembrane conductance regulator to the 
nasal epithelium of patients with cystic fibrosis." J Clin Investig 97.6
(1996): 1504-1511. 

15. Schwartz, D. A., et al. "CpG motifs in bacterial DNA cause inflammation
in the lower respiratory tract." J Clin Investig 100.1 (1997): 68-73. 

16. Hyde, S. C., et al. "CpG-free plasmids confer reduced inflammation and 
sustained pulmonary gene expression." Nat Biotechnol 26.5 (2008):
549-551.

17. Engelhardt, J. F., et al. "Submucosal glands are the predominant site of
CFTR expression in the human bronchus." Nat Gene 2.3 (1992): 240-248. 

18. Kreda, S. M., et al. "Characterization of wild-type and ΔF508 cystic 
fibrosis transmembrane regulator in human respiratory epithelia." Mol 
Biol Cell 16.5 (2005): 2154-2167.

19. Warburton, D., et al. "Commitment and differentiation of lung cell
lineages." Biochem Cell Biol 76.6 (1998): 971-995. 

20. Johnson, L. G., et al. "Normalization of raised sodium absorption and
raised calcium-mediated chloride secretion by adenovirus-mediated
expression of cystic fibrosis transmembrane conductance regulator in 
primary human cystic fibrosis airway epithelial cells." J Clin Investig
95.3 (1995): 1377-1382. 

21. Zhang, Y., et al. "Vector-specific complementation profiles of two 
independent primary defects in cystic fibrosis airways." Human Gene 
Ther 9.5 (1998): 635-648. 

22. Johnson, L. G., et al. "Normalization of raised sodium absorption and
raised calcium-mediated chloride secretion by adenovirus-mediated
expression of cystic fibrosis transmembrane conductance regulator in 
primary human cystic fibrosis airway epithelial cells." J clin investig
95.3 (1995): 1377-1382.

23. Zhang, Y., et al. "Vector-specific complementation profiles of two 
independent primary defects in cystic fibrosis airways." Hum gene ther 
9.5 (1998): 635-648.

https://www.sciencedirect.com/science/article/abs/pii/009286749390353R
https://www.sciencedirect.com/science/article/abs/pii/009286749390353R
https://www.jbc.org/article/S0021-9258(18)82505-4/fulltext
https://www.jbc.org/article/S0021-9258(18)82505-4/fulltext
https://link.springer.com/article/10.1007/s004240050473
https://link.springer.com/article/10.1007/s004240050473
https://www.nature.com/articles/363263a0
https://www.nature.com/articles/363263a0
https://link.springer.com/article/10.1007/s004240050164
https://link.springer.com/article/10.1007/s004240050164
https://link.springer.com/article/10.1007/s004240050473
https://link.springer.com/article/10.1007/s004240050473
https://www.jci.org/articles/view/114171
https://www.jci.org/articles/view/114171
https://journals.physiology.org/doi/abs/10.1152/ajpcell.1994.266.2.C360
https://journals.physiology.org/doi/abs/10.1152/ajpcell.1994.266.2.C360
https://www.jci.org/articles/view/116779
https://www.jci.org/articles/view/116779
https://www.nature.com/articles/3300840
https://www.nature.com/articles/3300840
https://www.nature.com/articles/3300840
https://erj.ersjournals.com/content/3/1/19.short
https://erj.ersjournals.com/content/3/1/19.short
https://journals.asm.org/doi/abs/10.1128/jvi.74.13.6050-6057.2000
https://journals.asm.org/doi/abs/10.1128/jvi.74.13.6050-6057.2000
https://journals.asm.org/doi/abs/10.1128/jvi.74.13.6050-6057.2000
https://www.jci.org/articles/view/118573
https://www.jci.org/articles/view/118573
https://www.jci.org/articles/view/118573
https://www.jci.org/articles/view/119523
https://www.jci.org/articles/view/119523
https://www.nature.com/articles/nbt1399
https://www.nature.com/articles/nbt1399
https://www.nature.com/articles/ng1192-240
https://www.nature.com/articles/ng1192-240
https://www.molbiolcell.org/doi/full/10.1091/mbc.e04-11-1010
https://www.molbiolcell.org/doi/full/10.1091/mbc.e04-11-1010
https://cdnsciencepub.com/doi/abs/10.1139/o98-104
https://cdnsciencepub.com/doi/abs/10.1139/o98-104
https://www.jci.org/articles/view/117789
https://www.jci.org/articles/view/117789
https://www.jci.org/articles/view/117789
https://www.jci.org/articles/view/117789
https://www.liebertpub.com/doi/abs/10.1089/hum.1998.9.5-635
https://www.liebertpub.com/doi/abs/10.1089/hum.1998.9.5-635
https://www.jci.org/articles/view/117789
https://www.jci.org/articles/view/117789
https://www.jci.org/articles/view/117789
https://www.jci.org/articles/view/117789
https://www.liebertpub.com/doi/abs/10.1089/hum.1998.9.5-635
https://www.liebertpub.com/doi/abs/10.1089/hum.1998.9.5-635


Journal of Pharmaceutical Sciences and Drug Development 2022, Vol. 4, Issue 3, 001-004
Riaz, et al.

4

Cite this article: Raza A, Mazhar MW, Tahir H. Gene Therapy for Cystic Fibrosis. J Pharmac Sci Drug Dev. 2022, 4(3), 001-004

24. Gan, K. H., et al. "A cystic fibrosis mutation associated with mild lung
disease." N Engl J Med 333.2 (1995): 95-99.

25. Zhang, L., et al. "CFTR delivery to 25% of surface epithelial cells
restores normal rates of mucus transport to human cystic fibrosis
airway epithelium." PLoS biol 7.7 (2009): 1000155.

26. Knowles, M., et al "Increased bioelectric potential difference across
respiratory epithelia in cystic fibrosis." N Engl J Med 305.25 (1981):
1489-1495.

27. Middleton P. G.,  & Alton, E. W."Protocols for in vivo measurement
of the ion transport defects in cystic fibrosis nasal epithelium." Eur 
Respir J 7.11 (1994): 2050-2056.

28. Alton EWFW, et al. "Cationic lipid-mediated CFTR gene transfer to
the lungs and nose of patients with cystic fibrosis: a double-blind 

placebo-controlled trial." Lancet 353.9157 (1999): 947-954. 

29. Davies, J. C., et al. "Potential difference measurements in the lower
airway of children with and without cystic fibrosis." Am j Respir Crit 
Care Med 171.9 (2005): 1015-1019.

30. Walters, R. W., et al. "Basolateral localization of fiber receptors limits
adenovirus infection from the apical surface of airway epithelia." J Biol 
Chem 274.15 (1999): 10219-10226.

31. Moss, R. B., et al. "Repeated aerosolized AAV-CFTR for treatment of
cystic fibrosis: a randomized placebo-controlled phase 2B trial." Hum
gene ther 18.8 (2007): 726-732.

32. Wagner, J. A., et al. "Safety and Biological Efficacy of an Adeno∗
Associated Virus Vector–Cystic Fibrosis Transmembrane Regulator
(AAV∗CFTR) in the Cystic Fibrosis Maxillary Sinus." Laryngoscope 
109.2 (1999): 266-274. 

https://www.nejm.org/doi/full/10.1056/NEJM199507133330204
https://www.nejm.org/doi/full/10.1056/NEJM199507133330204
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1000155
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1000155
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.1000155
https://www.nejm.org/doi/full/10.1056/NEJM198112173052502
https://www.nejm.org/doi/full/10.1056/NEJM198112173052502
https://erj.ersjournals.com/content/7/11/2050.short
https://erj.ersjournals.com/content/7/11/2050.short
https://www.sciencedirect.com/science/article/abs/pii/S0140673698065325
https://www.sciencedirect.com/science/article/abs/pii/S0140673698065325
https://www.sciencedirect.com/science/article/abs/pii/S0140673698065325
https://www.atsjournals.org/doi/full/10.1164/rccm.200408-1116OC
https://www.atsjournals.org/doi/full/10.1164/rccm.200408-1116OC
https://www.jbc.org/article/S0021-9258(19)73705-3/fulltext
https://www.jbc.org/article/S0021-9258(19)73705-3/fulltext
https://www.liebertpub.com/doi/abs/10.1089/hum.2007.022
https://www.liebertpub.com/doi/abs/10.1089/hum.2007.022
https://onlinelibrary.wiley.com/doi/abs/10.1097/00005537-199902000-00017
https://onlinelibrary.wiley.com/doi/abs/10.1097/00005537-199902000-00017
https://onlinelibrary.wiley.com/doi/abs/10.1097/00005537-199902000-00017



