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Review of LiteratureIntroduction 

Cystic Fibrosis (CF) is a genetic autosomal recessive disease that affects the respiratory, 

digestive and, in some cases, reproductive systems. This disease results from mutations in the 

Cystic Fibrosis Transmembrane Conductance Regulator Protein (CFTR); 1,950 different CF- 

causing mutations have been identified thus far. The most common mutation is del508F-CFTR 

that results in the deletion of a phenylalanine residue in position 508. CF is the most prevalent 

lethal disease in Caucasians, resulting in 1/3,200 Caucasian births (24). 1,000 patients are 

diagnosed every year with 70% diagnosed by the age of 2 years old, suggesting an improvement 

in diagnostic methods. Recent data has suggested that CF patients can now live until forty or 

fifty years of age, a drastic improvement within the last fifty years in diagnosis methods and 

treatment (24,25). One of the consequences of CF is the impairment of ciliary movement, that 

leads to these common symptoms: persistent cough, difficulty breathing, chronic lung infections, 

inflamed lung passages, bronchiectasis and lung deterioration as a result of impaired mucociliary 

clearance (11,24). Patients may also experience an inability to distribute digestive enzymes that 

can lead to poor weight gain and growth, nutritional deficiencies and possible diabetes (32). 

Chronic infections result in patients becoming more susceptible to viruses, colds, infection of 

Pseudomonas aeuruginosa, etc (31). Basic diagnosis involves newborn screening and sweat 

chloride tests. Future drugs must be able to penetrate highly viscoelastic and adhesive mucus 

barriers (3). For example, Ivacaftor has been found to increase CFTR channel activity and 
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improve lung function in young patients by acting as a CFTR potentiator (11). This drug is used 

to treat patients with the G551D mutation. 

 The CFTR is a member of the ATP-binding cassette family of membrane proteins (4). 

This protein functions as a channel for chloride and bicarbonate anions (4, 21, 22, 26, 27). 

Mutations can affect both quantity of CFTR at the epithelial surface and function of the channel 

as seen in conductance and gating defects (23). Defects resulting in a severe decrease in quantity 

of the CFTR are categorized into classes I, II, V, and VI and are caused by faulty messenger 

RNA and protein synthesis, resulting in an insufficient quantity of CFTR to maintain proper ion 

homeostasis (33). Agents such as VX-770 have been found to partially restore chloride transport 

in sweat glands, showing that CFTR cell surface activity can be increased (7). Conductance 

defects in class IV lack the ability to transport chloride ions (34). This could be caused by a 

defective CFTR pore that causes the channel to narrow, therefore, resulting in a reduced rate of 

molecular transport. Gating defects in class III result in a reduced time in which the channels are 

open, affecting ATP regulation (5). Mutations are indicative to the symptoms that the patient 

experiences as well as the body systems that are affected within the individual (6, 20). 

The process by which the CFTR moves from the synthesis site in a ribosome of the 

endoplasmic reticulum to the apical membrane of an epithelial cell is known as trafficking 

(28,29). In del508F-CFTR, the main CF-causing mutation, the process of CFTR transport is 

defective. The mutant protein has impaired exit from the endoplasmic reticulum and is targeted 

for rapid proteasomal degradation (8). When trafficking cannot be completed, the protein can 

then no longer be used to transport chloride anions in and out of the cell.  
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Selected chemical or pharmacological agents, such as glycerol or 4-phenylbutyrate, 

improve the functional expression of F508-CFTR and may affect the interaction of F508-

CFTR with specific molecular chaperones. It has been show that molecular chaperones appear to 

interact with CFTR during many stages of biogenesis. Investigations have focused on the 

mechanism by which 4-phenylbutyrate (4PBA) enhances ΔF508-CFTR trafficking (35). It was 

found that 4PBA decreased Hsc70 mRNA and protein expression in CF epithelial cells, as well 

as decreased recovery of ΔF508-CFTR when Hsc70 was immunoprecipitated (36; 37). Hsp70, 

the stress induced chaperone, has been show to promote proper trafficking of ΔF508-CFTR; this 

contrasts the role of its homolog, Hsc70, which, as discussed above, appears to promote ΔF508-

CFTR degradation. Our group has recently focused on another ER chaperone and its potential 

role in regulating CFTR trafficking. ERp29 (ER luminal protein of 29 kDa) is ubiquitously 

expressed, but is especially prominent in the brain and lungs (38). Its function is not entirely 

clear, but is suggested to promote thyroglobulin secretion and regulate assembly of connexin 

hemichannels (39; 40; 41; 42), and it also seems to play a role in CFTR trafficking. It was 

recently demonstrated that 4PBA increased ERp29 mRNA and protein expression (43). It was 

also demonstrated that overexpression of ERp29 in Xenopus oocytes and mammalian cells 

increased the functional and surface expression of wild type and ΔF508-CFTR, while RNAi-

mediated depletion of ERp29 decreased wild type CFTR in bronchial epithelial cells (43). These 

data suggested that ERp29 protein acts to promote biogenesis of both ΔF508 and wild type 

CFTR, and is the first ER luminal protein described to have this role. While additional studies 

are necessary, these data suggest an additional mechanism by which 4PBA may correct ΔF508-

CFTR biogenesis and trafficking. 
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ERp29 is suggested to interact with either -(F, Y)-(F, Y)- or -(F, Y)-X- (F, Y)- motifs on clients. 

CFTR has only one luminal motif consistent with this pattern (1014Y-I-F1016), and two rare 

mutations in this motif that appear to cause CF, Y1014C and F1016s. The hypothesis of this 

study is that CFTR -Y1014C and -F1016S, like DF508-CFTR, will have defective processing, 

maturation and function when expressed in epithelial cells due to the lack of interaction with 

Erp29. 

. 

 

Methods 

Cell culture: 

Immortalized CFBE41o- CF Bronchial Epithelial cells (parental, CFTR genotype 

F508/F508) were grown in Eagle’s minimal essential medium (MEM) (EuroClone) 

supplemented with 10% fetal bovine serum (Gibco), L-glutamine, penicillin and streptomycin at 

37°C under 5% CO2 and routinely grown in plastic flasks coated with an extracellular matrix 

containing fibronectin, collagen and bovine serum albumin. This was performed by Laurence 

Suaud.  

Immunoblot: 

CFBE parental cells were mock transfected or transfected with wt, F508del or Y1014C or 

F1016S CFTR. After 48 hours cells were lysed and a protein assay (Bradford assay) was 

performed in order to determine the appropriate concentration of proteins, extracted through 

lysing process, for immunoblotting samples. Standard concentrations of BSA (0.3, 0.6, 0.9, 1.2, 
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1.5 ug/ul) were used as to establish a standard curve. This standard curve is then used to 

determine the concentration of the unknown protein, aka our samples. Once proper calculations 

were determined, samples were made for the Western Blot including the proteins, 6x SDS and 

water. 

 An acrylamide gel was made with a resolving and stacking layer to allow proteins to 

separate according to their molecular weight. Time was allowed for polymerization and samples 

were loaded into the wells of the gel. The gel was run at 100v until samples had clearly run 

through the whole gel. Membranes and the gels were soaked in a transfer buffer and the gels 

were transferred onto the membrane for 30 minutes at 25v. The membranes were soaked in a 

blocking solution comprising of TBST and powdered milk before being treated with the primary 

antibody, CFTR mouse antibody, overnight. The membranes were washed with TBST in ten-

minute intervals six times before the membranes were treated with goat anti-mouse antibody for 

one hour. The membranes were washed identically and soaked in ECL reagent for five minutes. 

The membranes were then wrapped in seram wrap to take pictures (Simone Konrad, Meredith 

Kline). 

   

PCR to generate new mutant (CFTR 1014A and CFTR 1016A): 

PCR was performed to amplify the available given quantity of DNA. Methylation and 

mutagenesis reactions were controlled and PCR was performed under the parameters indicated 

by the QuikChange II Site-Directed Mutagenesis Kit. The PCR products were then used to 

transform bacteria. The bacteria were shocked to perforate the membrane to accept the foreign 

DNA. To do so, the bacteria were put on ice for 12 minutes, 42 ° bath for 30 seconds and then 
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ice for 2 minutes with the foreign DNA. A rich medium (SOC) was added to promote bacterial 

growth. The bacteria were then transferred to an agar plate, grown and picked. The DNA from 

the transformation products was isolated via Miniprep. The products of the Miniprep were then 

sequenced to ensure that the proper mutations were present. (Simone Konrad, Meredith Kline, 

Laurence Suaud) 

Immunohistochemistry:  

This technique is used to visualize the localization of CFTR into the cells. CFBE4o- cells were 

mock transfected or transfected with wt, del508F or Y1014C or F1016S-CFTR. 48hrs after the 

transfection the cells were fixed with 1% formalin in PBS for 10 min at room temperature. The 

cells were then permeabilized to allow the antibody to enter the cell by incubation with 

1xPBX/0.1% Triton X100 for 10 min. CFBE4o- cells that express wt, F508del or F1016C-CFTR 

were stained for CFTR (528 antibody-UNC) and calnexin (Cell Signaling).  CFTR was 

visualized by anti-mouse Alexa Fluor 488 (Invitrogen) and calnexin was visualized by anti-rabbit 

Alexa Fluor 568. Nuclei were visualized by DAPI staining. 

  The amount of cells present per slide was quantified, treated with media and transferred 

onto a combing plate. The slides were later transfected to express mutations including wild type, 

delta F508, Y1014C and F1016S. The slides were treated with a parental line of medium before 

being fixed. The cells were then treated with antibodies appropriate to view various landmarks 

under the microscope including DAPI, a nucleus stain,; FITC, an anti-mouse secondary antibody 

to CFTR, and TRITC, an anti-rabbit secondary antibody that binds to the rabbit antibody that 

binds to the ER protein, calnexin. The slides were viewed and exposed before pictures were 

taken. (Simone Konrad, Meredith Kline) 
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Figure 1: Using immunoblot techniques, the following image was obtained and analyzed. 

GAPDH immunoblot was performed in comparison. Wild Type CFTR, serving as a control, 

shows consistent CFTR shape and size.  

The relative mobility that correlates with the molecular weight of F508del-CFTR 

indicates that the protein was not processed completely, consistent with the known location to 

which the specific mutation trafficking stops. Given that it stops between the endoplasmic 

reticulum and the Golgi, it was processed through the ER but did not complete all cell 

processing; otherwise it would display wild type CFTR descriptions. Mutations F1016C shows 

partial processing but insufficient compared to F508del. Lastly, mutation Y1014C shows a small 

band lower than 150 kDa, an indicator for a protein that has not been processed.  

 

 

Formatted: Font: (Default) Times New Roman

Formatted: Font: (Default) Times New Roman

Formatted: Font: (Default) Times New Roman



  Konrad 
, Simone 
 

10 
 

Figure 2: These images provided by immunohistochemistry indicate where the CFTR are located 

within a given cell. The green color indicates CFTR presence; the blue indicates nucleus 

presence while the red indicates ER presence. 

 In wild type CFTR, the CFTR staining expands beyond both the ER and the 

nucleus, indicating that it travels to the membrane and trafficks properly. In F508del-CFTR, 

CFTR is solely centralized around the band of ER, showing that it stops immediately after 

processing in the ER. Lastly, F1014C-CFTR displays CFTR presence between the nucleus and 

the ER, indicating its stopping point and that it has not been processed at all. 

This confirms that Y1014C, F1016C, F1014S all contribute to the stopping of trafficking 

between the nucleus and the ER, immediately after the protein has been processed.  

 

Discussion: 

 In order for the CFTR to function properly, there has to be sufficient amount of CFTR 

protein at the epithelial membrane of the cell. This can only be accomplished if the CFTR travels 

from the protein synthesis site to the membrane via trafficking. If a mutation occurs disrupting 

this mechanism, it may result in Cystic Fibrosis. As previously stated, ERp29, a molecular 

chaperone, is required for wild type CFTR to be processed and trafficked properly. It was 

hypothesized that mutations Y1014C and F1016S are located where CFTR interacts with ERp29. 

ERp29 normally interacts with CFTR motif –(F,Y)-(F,Y)- or –(F,Y)-X-(F-Y). The only motif 

with an extracellular face is 1014-Y-I-F 1016, the reason that these mutations were chosen to 

study. However, these mutations may result in the absence of this motif and therefore, ERp29 

has nothing on the CFTR to directly interact with. Therefore, the next step in research would 
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involve determining whether the motif that ERp29 interacts with is absent as a result of mutation. 

If the motif were absent, it may indicate that ERp29 has to be engineered to interact differently 

with CFTR.  

 

Figure 3: ERp29 is not able to interact with the domain at which Y1014C and F1016S are 

located, restricting trafficking.  

Conclusion: 

 Mutations within the CFTR Y1014C and F1016S were found to be located in between the 

nucleus and the ER, at the CFTR’s site of synthesis. The mutated CFTR’s inability to traffick to 

the membrane is the direct cause of cystic fibrosis. Molecular chaperone, ERp29, aids in 

rescuing trafficking in wild type and F508CFTR mutation. After confirming the hypothesis that 

ERp29 and mutations Y1014C and F1016S are located in the same part of cells; it is 

hypothesized that there is some sort of boundary in ERp29 interaction with these mutations in 

order to aid in trafficking. These mutations result in CF as trafficking is not rescued and the 
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protein sits at its stopping location. We hypothesize that if ERp29 could interact somewhere on 

the CFTR, these mutations could be rescued in order to traffick to proper functioning location. 
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