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Abstract
Background/Aims: Cystic Fibrosis (CF) is caused by mutations in the CFTR gene, encoding a 
cAMP-activated chloride (Cl-) channel. We have previously demonstrated that the expression 
of several genes can be modulated by the CFTR activity; among them, SRC, MTND4, CISD1, 

and IL1B. However, the CFTR signalling mechanism involved in the expression of CFTR-
dependent genes is unknown. The aim of this work was to determine if intracellular chloride 
(Cl-

Methods: Differential display (DD) was applied to IB3-1 cells (CF cells), cultured under 
conditions that produce different intracellular Cl- concentrations ([Cl-]i), to analyse their 

Results: Several differentially expressed gene products were observed 
by using DD, suggesting the presence of chloride-dependent gene expression. Two cDNA 
fragments, derived from differentially expressed mRNAs and showing opposed response to 
Cl- - dependency validated by reverse transcription 

 RPS27, which encodes the multifunctional 
ribosomal protein RPS27, also known as metallopanstimulin-1 (MPS-1), and the gene GLRX5, 

encoding glutaredoxin-related protein 5, as chloride-dependent genes. RPS27 was negatively 
regulated with increased [Cl-]i, approximately from 25-75 mM Cl- (EC50 = 46 ± 7 mM), and 
positively regulated from 75-125 mM Cl- (EC50 = 110 ± 11 mM) (biphasic response). In contrast, 
GLRX5 was positively modulated by [Cl-]i, showing a typical sigmoidal dose-response curve 
from 0-50 mM Cl-, reaching a plateau after 50 mM Cl- (EC50 ~ 34 mM). Conclusion: The 
results suggest the existence of chloride-dependent genes. The Cl- anion, therefore, might 
act as a second messenger for channels or receptors able to modulate the intracellular Cl- 
concentration, 



Cell Physiol Biochem 2016;38:49-64
DOI: 10.1159/000438608
Published online: January 08, 2016 50
Valdivieso et al.: Chloride Anion as a Second Messenger

Cellular Physiology 

and Biochemistry

Cellular Physiology 

and Biochemistry
© 2016 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cpb

Introduction 

CFTR (Cystic Fibrosis Transmembrane Conductance Regulator) mutations are the cause 

SRC and MUC1 CISD1
and MTND4

c-Src, MTND4, CISD1 and IL1B
CISD1 (nuclear 

genome) and MTND4

 could 

idea, the results obtained here suggest that Cl

mammalian cells, and suggesting that Cl
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Materials and Methods

Cultured cells

Differential display

, and then incubated
+

 

Table 1. 
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Taq 

o

o o o

Table 2.  

 solutions

E. coli

Reverse transcription-real time qPCR

the

 

GLRX5 (GLRX5)

GLRX5 RPS27 RPS27

RPS27 GLRX5 GAPDH 

RPS27 18S

RPS27. GAPDH GAPDH

(GAPDH) 18S) 

18S

GAPDH

 

GLRX5, GAPDH, RPS27 and 18S
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Taq 

GLRX5

used, for GAPDH
o o o o

Measurement of the intracellular chloride concentration ([Cl-]i) in the presence of ionophores 

), was measured by 

cells seeded at a density of , 

containing different Cl

Cl

 concentration was 

Cl

in the absence of Cl

Cl

Cl i e

In silico analyses and predictions 

Statistics

p
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Results

genes

i

chloride channels, tributyltin (a Cl + +

 across the membrane, and nigericin, 
+

Fig. 1. Correlation between the intra

concentrations (lineal correlation with 
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Cl 

Fig. 2. RPS27

RPS27

RPS27
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the Homo sapiens RPS27
symbol RPS27 MPS-1, S27

found, 
GLRX5

Fig. 3. GLRX5

GLRX5

GLRX5
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RPS27 and GLRX5

RPS27 
th

 

for the GLRX5

In silico analysis 
 analyses for RPS27 and GLRX5

RPS27 

Xenopus,

Fig. 4. 

 RPS27 GLRX5 

incubated at increased chloride concentrations, 

RPS27) or four (GLRX5) in

RPS27
th 

GLRX5

 

RPS27, 

GLRX5, 
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GLRX5 Cl

Fig. 5.
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GLRX5

to the iron coordination, and four chloride ions (Cl  

Discussion 

intracellular Cl

RPS27  (GLRX5)

Fig. 6. 

tions in the Cl

the Cl
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RPS27
 

other hand, GLRX5

 signaling 

bacterium 

+

Cl

and that Cl
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