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ABSTRACT 

 

 

Mast cells are present in tissues in the body and participate in many 

physiological processes including allergy, tissue remodeling, fibrosis, angiogenesis, 

and autoimmunity. They can be activated by many stimuli, including calcium (Ca
2+
) 

ionophores, Compound 48/80, neuropeptides and immune stimulation. When activated, 

mast cells release several mediators, such as histamine, cytokines and bradykinin. 

According to many reports, increment of intracellular Ca
2+
 is the key factor for 

mast cell degranulation. Compound 48/80 mediated Ca
2+
 mobilization was regulated 

by 4,4ô-diisothiocyanato-stilbene-2,2ô-disulfonic acid (DIDS), general chloride (Cl
-
) 

channel blocker. In this thesis, we identify the Compound 48/80 induced Cl
-
 channel 

which is involved in increase of intracellular Ca
2+
 and histamine degranulation in Rat 

Basophilic Leukemia cell (RBL-2H3) cell.  

Ion channel activated by Compound 48/80 was examined in RBL-2H3 cells 

using whole-cell patch clamp. Compound 48/80 evoked robust Cl
-
 current in RBL cells 

and these currents were inhibited by Cl- channel blockers, including DIDS and 5-nitro-

2-(3-phenylpropyl-amino)benzoic acid (NPPB). Next, we found that Cystic Fibrosis 

Transmembrane Conductance Regulator (CFTR) protein is expressed in RBL cells by 
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using RT-PCR. Our data showed that Cyclic AMP, known as CFTR agonist, mediated 

Cl
-
 current was abolished by DIDS and CFTR-(inh)-172. When CFTR is expressed in 

HEK293T cells, Compound 48/80 induced CFTR dependent current which was 

inhibited by ADP substitution and activated by Forskolin and IBMX mixture. These 

findings suggest that Compound 48/80 mediated Cl
-
 channel is CFTR.  
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INTRODUCTION 

 

 

 Mast cells were founded about one century ago by Paul Ehrlich who 

called them mastzellen meaning ñwell fedò cells because of their turgid shapes 

(1, 2). Mast cells can contain couple hundreds of granules (3-6). They are well 

scattered throughout the body system; virtually all types of tissues and 

vascularized organs. These cells are mainly originated from basophilic 

pluripotent progenitors in the bone marrow (7, 8). Those progenitors transfer 

via blood vessels to the target tissues where progenitors are differentiated into 

mast cell (9-11). Matured mast cells generally cluster around blood vessels, 

nerves epithelia, including gastrointestinal tract and pharynx (12).  

 Ubiquitous mast cells have a functional role in many pathological and 

physiological processes, such as allergy, tissue remodeling, fibrosis, 

angiogenesis, and autoimmunity (13). They can be triggered by several 

pathways, and release numerous mediators. However, in this thesis, we only 

cover on limited types of pathway and mediator. 

  Mast cells can be found at mucosal barriers and are involved in 

inflammation by releasing granules into surrounding tissue (18, 19). They play 

an important role in immune disease, such as asthma and allergies (20-23). 

Degranulation is generally occurred in the beginning of inflammation, whereas 

some newly formed mediators, such as cytokines and lipid mediators are 



  

associated with later phase of inflammation. Mast cell granules are acidic which 

provide appropriate environment for storing mediators, such as histamine, ɓ-

hexosaminidase (ɓ-hex), and proteases such as tryptase and chymase. Those 

granules are located near the plasma membrane of the cells and synthesized 

from pro-granules. (24). 

 In primary immune system, there is no doubt about the fact that mast 

cells play eminent role; they recruit immune cells, such as neutrophil, when 

bacteria or/and virus trespass into the system (25, 18). While they are abiding 

on the tissue, they can produce growth factors, angiogenic and neurogenic 

factors, such as granulocyte macrophage-colony stimulating factor, vascular 

endothelial growth factor and nerve growth factor respectively (1, 26, 27). Mast 

cells also promote tissue regeneration and remodeling in order to maintain 

homeostasis (28, 29). They also play the first line of defense against invading 

pathogens by densely dwelling at possible peril zone (18, 26). 

 Mast cells get involved in many diseases, including chronic bronchitis, 

atopic dermatitis, systemic mastocytosis, inflammatory bowel disease, cancer, 

atherosclerosis, allergies and asthma (30-35). Mast cells are well known to be 

the major factor in the initiation and propagation of allergic response by 

degranulation of mediators (13, 36). For instance, in the airway of patients 

experiencing asthma, increment in number of mast cells is observed. Then, 

mediators released from those cells directly contact into epithelia tissue of 

airway, which cause hypersensitivity (31). 



  

 Cells in general function and communicate through ion channels. 

Function of cation (Na
+
, K

+
 or Ca

2+
) channels are well known whereas anion 

channels are not. Among anion channels, chloride channels are the most 

significant and abundant especially in mammal tissues. (37) Cl
-
 channels are 

participated in modulating intracellular pH, cell cycle, cell volume, apoptosis, 

synaptic transmission and cell excitability (37). In mast cell mediator 

degranulation is directly regulated by intracellular Ca
2+

; Ca
2+ 

flow is directly 

affected by other ion currents, including Cl
-
 (38). In previous research in our lab, 

Ca
2+

 signal was completely abolished by 4,4'-Diisothiocyano-2,2'-

stilbenedisulfonic acid (DIDS) which blocks Cl
-
 channels in general in mast 

cells.  

There are several compounds which stimulate the mast cells by inducing 

Ca
2+

 influx to the cell. Most often thought of in the context of mast cell is IgE-

dependent pathway; when antigen is present two IgE molecules bind to FCŮR1 

which triggers signaling mechanism (10, 14). Yeast antibiotic calcium 

ionophore A23187 forms stable complexes which form channels or transporters 

in the transmembrane so that cation, especially Ca
2+

, can cross the membrane 

(15). Substance P binds to neurokinin-1 receptor, well known G-Protein 

Coupled Receptor (GPCR), which induces secretion (12, 16).  

Compound 48/80 is a polymer artificially synthesized by the condensing 

N-methyl-p-methoxy-phenethylamine with formaldehyde. When Compound 



  

48/80 is applied to the skin tissue, it induces scratching behavior due to 

itchiness (51).  It encourages histamine release of the mast cell, but the specific 

mechanism needs to be elucidated (17, 45). Moreover, Compound 48/80 

mediates intracellular Ca
2+

 increase in mast cells along with membrane currents 

(52).  

  Cystic Fibrosis Transmembrane conductance Regulator (CFTR) is a Cl
-
 

channel / transporter protein which is activated by intracellular ATP binding 

(37, 39 and 40). This protein is composed of two membrane-spanning domains 

(MSD), each containing six transmembrane domains, linked by a PKA binding 

intracellular regulatory domain (37). CFTR has two cytoplasmic nucleotide 

binding domains (NBD) after 6
th
 domain where ATP binds (41). CFTR is 

triggered by PKA phosphorylation at the regulatory domain, which leads to 

confirmation change that allows ATP binding to NBD1. Binding of ATP on 

NBD1 executes another conformational change in NBD2 for ATP binding. 

Then, those two NBDs interact together to open up the channel which allows 

Cl
-
 influx (37, 42). When ATP at the NBD2 become hydrolyzed, final 

conformational change occurs which inactivates the channel and close the gate 

(7, 40, Figure 11). Therefore, frequency of CFTR activity depends on the rate 

of binding of ATP at NBD1, whereas the duration of channel activity depends 

on the rate of ATP hydrolysis at NBD2 (7). 

 



  

MATERIALS AND METHODS  

 

1. Cell culture 

  

HEK293T cells and RBL-2H3 cells were nourished in Dulbeccoôs Modified 

Eagle Medium (DMEM) which contains 10% fetal bovine serum (FBS), 1% sodium 

pyruvate and 0.5 % penicillin-streptomycin. Each type of cells was incubated at 37 ÁC 

and 5.0 % CO2. To perform electrophysiology technique, cells were counted and placed 

on the round glass coverslips one day or two prior to the experiment. 

 

 

2. Plasmids and Transfection  

 

All plasmids were cloned based on NCBI GeneBank database. Human CFTR 

gene in pcDNA 3.1 vector, not expressing GFP, was prepared. HEK293T cell cultures 

that were ~75% confluent were transfected with 0.5 ɛg of CFTR gene and 0.5 ɛg of 

empty pEGFP-N1 vector, expressing GFP, using FuGENE (Promega) as per the 

manufactureôs instruction and allow to incubate in 5% CO2 at 37 ôC at least 24 hours 

prior to use.  



  

3. Electrophysiology recording 

 

Recordings were performed by mean of Whole-cell patch clamp 

configuration. Various types of shape of RBL-2H3 cells and Fluorescent 

HEK293T cells were chosen for recording. Data were acquired by Axopatch 

200B amplifier controlled by Clampex 10.2 via a Digidate 1440A data 

acquisition system (Molecular Devices). In most experiments, we set the 

holding potential at -60 mV. Data were low-pass filtered at 5kHz and analyzed 

using ClampFit 10.2 software (Molecular Device). 

 

 

4. Solution 

 

Solutions were prepared and used to create artificial intra- and extracellular 

environment. To measure I-V curve, the pipette solution contained:  70 mM NaCl, 2 

mM MgCl2, 1 mM EGTA, 10 mM HEPES, 100 mM ATP and 100 mM GTP. The bath 

solution contained: 150 mM NMDG-Cl, 2 mM MgCl2 and 10 mM HEPES. In order to 

constitute [Ca
2+
]i free and cation impermeable environment, the pipette solution 

contained: 140 mM NMDG-Cl, 2 mM MgCl2, 1 mM EGTA, 10 mM HEPES, 100mM 

ATP and 100 mM GTP. The bath solution contained: 140 mM NMDG-Cl, 2 mM 

MgCl2 and 10 mM HEPES.  

 



  

5. Drug 

 

Agonists and inhibitors used in this research were purchased from Sigma-

Aldrich. There is no further modification on them. Each Drug was dissolved in 

appropriate solvent and stocked in -20 ôC. Cyclic AMP (50 ʄM), ADP (100 mM), ATP 

(100 mM) and GTP (100 mM) were dissolved in triple distilled water (TDW), and 

Compound 48/80 (5 ʄg/ml), DIDS (100 ʄM), NPPB (100 ʄM), DPC (1 mM), 

CFTR(inh)-172 (5 ʄM), Forskolin (3 ʄM) and IBMX (10 ʄM) were soluble to 

Dimethyl Sulfoxide (DMSO). 

 

 

6. Total RNA purification and first cDNA synthesis 

  

Total RNAs from RBL-2H3 cells were purified and collected by mean of easy-

spinÊ Total RNA Extraction Kit (iNtRON Biotech, Korea). Then, first strand cDNAs 

were reversely transcribed with GoScriptÊ Reverse Transcription System (Promega). 

 

 

7. Reverse Transcription Polymer Chain Reaction 

 

  We performed Reverse Transcription Polymerase Chain Reaction (RT-PCR) 

analysis using Dream Taq DNA Polymerase (Thermo Scientific). Synthesized cDNA of 



  

RBL-2H3 underwent PCR with given primers. The best results were achieved under 

the condition of 30 cycles at 58ôC annealing temperature. The sequences of forward 

and reverse primers are listed in Table 1 below. 

 

Table 1. RT-PCR primers  

Target protein  Primer Sequence 

GAPDH 
Forward 5'- ATG ACT CTA CCC ACG GCA- 3' 

Reverse 5'- ACT GTG GTC ATG AGC CCT- 3' 

LRRC8A 
Forward 5'- TGG CTC CAT GGA CAA GAA GT- 3' 

Reverse 5'- AGG ATC TTG AAG AGG GTG GC- 3' 

CFTR 
Forward 5'- CTA AGC CAT GGT CAC AAG CA- 3' 

Reverse 5'- TTG CAC TTC TTC CTC CGT CT- 3' 

ANO 1 
Forward 5'- CGT GGT CAT CAT TCT GCT GG- 3' 

Reverse 5'- TTA TGT ACT CCT CGC GGT CC- 3' 

ANO 10 
Forward 5'- GCT GTA CGT GCC CAG TAT TG- 3' 

Reverse 5'- AGT GCC CAT TTC CTT CTC CA- 3' 

TRPC 1 
Forward 5'- GGT TCG GAC AGA TGT CAG GT- 3' 

Reverse 5'- GGG CAA AAG TTG CCA AGT AA- 3' 

TRPC 2 
Forward 5'- CTA ACA CCC GTC CCC CTT- 3' 

Reverse 5' - GAT TAA GGG CTT CCC TCC- 3' 

TRPC 3 
Forward 5' - CTT GTG TTC AAC GCC TCA GA- 3' 

Reverse 5' - AGG GTC AGA AGG AAG CCA TT- 3' 

 

 

 

 



  

8.  Statistical analysis 

 

All results are calculated as the mean Ñ S.E. of at least three independent 

experiments were averaged, ónô is indicating the number of trials. Statistical 

significance test (one-way ANOVA with post hoc Tukey) analyses were performed 

using a statistical package (Sigma Plot). Statistical significance was accepted at p 

values of: * p < 0.05, ** p < 0.01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

RESULTS 

 

 

1. Compound 48/80 stimulates Cl- currents in RBL-2H3   

 

To determine whether Compound 48/80 generates the currents in RBL-2H3 

cells, we examined the voltage-current (I-V) relationship of Compound 48/80 induced 

currents; we constituted different NaCl concentration of intra- and extracellular 

solution: respectively 70 mM and 150 mM.  Then, in order to predict the reversal 

potential (Vrev) of I-V relationship, Nernst Equation was used. Then, equilibrium 

potential (Veq) for Cl
-
 ion was calculated; other ions are unconsidered in this 

experiment due to canceling out. According to the Nernst equation, the value of given 

Cl
-
 equilibrium potential (VCl) was -19.2 mV.   

After Compound 48/80 treatment, in I-V curve, the outward rectifying ICl
-
 

currents in response to a depolarizing ramp step protocol were appeared at -20 mV 

which is approximate to calculated VCl (Figure 1). Taken together these data indicate 

that the Compound 48/80 does stimulate ICl
-
 current in RBL-2H3 cell.  

 

 

 



  

2. Cl- current induced by Compound 48/80 is ablated by general Cl- 

channel inhibitors in RBL-2H3  

 

Endogenously existing channel proteins are not ubiquitous; some cells contain 

and some do not. Thus, population study was performed to confirm the presence of 

Compound 48/80 induced chloride channel in RBL-2H3. To constitute the 

environment, allowing Cl
-
 permeation specifically but not cations, NMDG-Cl solution 

was applied in both intra- and extracellular. Notably, 27 cells out of 40 (68%) exhibited 

robust and irreversible Cl
-
 current response (about 1 nA) to Compound 48/80 (figure 

2).  

In addition, to advocate the idea of Cl
-
 channel function in response to 

Compound 48/80, pharmacological inhibitory effect on Cl
-
 channel was examined. 

Remarkably pretreatment of both DIDS and NPPB, general Cl
-
 channel blockers, 

eliminated ICl current induced by Compound 48/80 (figure 3). Taken together, this data 

show that Compound 48/80 activated unknown Cl
-
 channel in RBL-2H3. 

 

 

3. Compound 48/80 activates CFTR in RBL-2H3  

 

3.1. CFTR is endogenously expressed in RBL-2H3 

 

To examine what kind of Cl
-
 channels are endogenously expressed in RBL-2H3 



  

in the molecular level, we performed RT-PCR.. RT-PCR analysis revealed that there 

were CFTR, LRRC8A (VRAC) and Anoctamin 10 (CaCC) are expressed (figure 4). 

Among those channels, CFTR is the Cl
-
 channel which is widely expressed in immune 

cells and plays a sentinel role, such as protection against bacterial infection (40, 50). 

Therefore, we first targeted CFTR among many other Cl
-
 channel candidates in RBL-

2H3. In addition, to examine the function of CFTR, we monitored the current when 

cyclic AMP, known as CFTR activator, is applied into the cytosol of RBL-2H3 through 

the electrode. Slowly activating currents (0.4 nA) were occurred and, then, DIDS and 

CFTR (inh)-172 were treated individually. Remarkably, the trace became recovered 

back to base (figure 5).  

 

 

3.2. ICl
-
 current induced by Compound 48/80 is responsible to CFTR 

 

Next, we sought to determine whether Compound 48/80 activates CFTR which 

generates ICl
-
 current in RBL-2H3. The currents stimulated in response of the ligand 

were treated with CFTR specific pharmacological inhibitors, DPC and CFTR (inh)-

172. Notably, we observed that Compound 48/80 induced ICl
-
 currents were suppressed 

by CFTR specific blockers (figure 6). Moreover, when ADP is substituted in the pipette 

instead of ATP, CFTR activator, current in response to Compound 48/80 became null 

(figure 7). Collectively, these data represent that ICl- induced by Compound 48/80 is 

germane to CFTR in RBL-2H3. 



  

4. Compound 48/80 activates ICl
-
 currents in CFTR overexpressed 

HEK293T cell 

 

To examine CFTR in response to Compound 48/80, we first assessed 

overexpressed CFTR on HEK293T cell. There is no endogenous CFTR protein 

expressed in HEK293T. Thus, no current was observed in response of both Compound 

48/80 and mixture of Forskolin and IBMX (figure 8 and 9). Forskolin is the ligand 

which generates cAMP and IBMX is a phosphodiesterase inhibitor which prevents 

cAMP degradation; overall cAMP concentration remained steady in cytosol due to the 

fact that HEK293T cell contains Forskolin receptor. In contrast, after we transfected 

hCFTR into the HEK293T cells, robust current activities were readily apparent in 

response of both agonists (figure 8 and 9). In addition, to confirm CFTR activity in 

HEK293T, we applied ADP, intracellular CFTR inhibitor, along with Compound 48/80 

treatment. After all, replacement of ATP to ADP suppressed currents, which was the 

same response in RBL cells (figure 10). Taken together these data indicates that CFTR 

channel is responsible to ICl
-
 current induced by Compound 48/80. 

. 
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Figure 1. Compound 48/80 mediates ICl
-
 current in RBL-2H3 

(A) Current response from whole-cell patch clamp recordings in response to Compound 48/80 

(5 ʄg/ml) under condition of different NaCl concentration in extra- and intracellular; 150 mM 

and 70 mM respectively. 

(B) I-V relations measured at the steady stage before and after Compound 48/80 treatment. 

Voltage ramp were given from a holding voltage of -60 mV to voltage between -100 mV to 

+100 mV. (n=5) 
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Figure 2. Endogenous Cl
-
 channel induced by Compound 48/80 is 

present in RBL-2H3 

(A) Current response to Compound 48/80 (5 ʄg/ml) in RBL-2H3 cell to the both bath and 

pipette of NMDG-Cl
-
 solution. 

(B) Population study (n = 40). 27 out of 40 RBL-2H3 cells (67.5 %) exhibits endogenous Cl
-
 

current in RBL-2H3. 
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Figure 3. ICl
-
 current in response to Compound 48/80 is inhibited by 

Cl
-
 pharmacological inhibitor. 

(A) Current response to Compound 48/80 and itôs abolished by 5 minutes long pretreatment of 

(B) NPPB (10 ʄM) and (C) DIDS (100 ʄM). (D) Comparison of current density after NPPB (n 

= 5) and DIDS (n = 6) application. **P > 0.01 compared to control. Error bars, mean Ñ s.e.m.    
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Figure 4. CFTR gene is endogenously expressed in RBL-2H3 

RT-PCR analysis of CFTR genes. CFTR gene is endogenously expressed in RBL-2H3 cells, 

along with TRPC channels, VRAC (LRRC8A) and CaCC (ANO 10). 
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Figure 5. Functional CFTR channel is present in RBL-2H3  

(A) Current response to cAMP (1 mM) in electrode is blocked by DIDS (100 ʄM) and (B) 

CFTR-(inh)-172 (5 ʄM).  
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Figure 6. ICl
-
 current mediated by Compound 48/80 is abolished by 

CFTR specific inhibitor in RBL-2H3  

(A) Current response to Compound 48/80 and itôs abolished by (B) CFTR(inh)-172 (10 ʄM) 

and (C) DPC (1 mM). (D) Comparison of current density after CFTR(inh)-172 (n = 6) and DPC 

(n = 7) application. **P > 0.01 compared to control. Error bars, mean Ñ s.e.m.    
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Figure 7. ADP substitution inhibits ICl
-
 mediated by Compound 48/80 

in RBL-2H3 

(A) Current response to Compound 48/80 when ADP (100 mM) is substituted in the pipette in 

RBL-2H3. (B) ATP substitution in the pipette. (C) Comparison of current density between ATP 

(n=16) and ADP (n=11) substitution. **P > 0.01 compared to control. Error bars, mean Ñ s.e.m. 

0.5 nA

20 Sec

ATP ADP

C
u

rr
e
n

t 
D

e
n

s
it

y
 (

p
F

/n
A

)

0

5

10

15

20

**

#ÏÍÐ τψȾψπ 

#ÏÍÐ τψȾψπ 

 
!$0 

!

$

0 

 !40 

 

 

0.5 nA 

50 Sec 

 0.5 nA 

 
20 Sec 



  

    

A                   C 

 

 

 

 

B 

 

 

 

 

Figure 8. Forskolin & IBMX mixture activates CFTR overexpressed 

HEK293T  

(A & B) Current response to Forskolin (3 ʄM) and IBMX (10 ʄM) mixture in CFTR 

overexpressed HEK293T and Mock. (C) Comparison of current amplitude between mock (n=5) 

and CFTR overexpression (n=7). **P > 0.01 compared to control. Error bars, mean Ñ s.e.m. 
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Figure 9. Compound 48/80 activates CFTR overexpressed HEK293T  

(A & B) Current response to Compound 48/80 in CFTR overexpressed HEK293T and Mock. 

(C) Comparison of current amplitude between mock (n=4) and CFTR overexpression (n=8). 

**P > 0.01 compared to control. Error bars, mean Ñ s.e.m. 
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Figure 10. ADP substitution inhibits ICl
-
 mediated by Compound 

48/80 in CFTR overexpressed HEK293T 

(A) Current response to Compound 48/80 when ADP (100 mM) is substituted in the pipette in 

HEK293T cells. (B) ATP substitution in the pipette. (C) Comparison of current amplitude 

between ATP (n=7) and ADP (n=4) substitution. **P > 0.01 compared to control. Error bars, 

mean Ñ s.e.m. 
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