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ABSTRACT
The cystic fibrosis transmembrane regulator (CFTR)A3 a channel. Mutations of this transporter lead to
a defect of chloride secretion by epithelial cells causing the Cystic Fibrosis disease (CF). In spite of the high
expression of CFTR in the kidney, patients with CF do not show major renal dysfunction, but it is known
that both the urinary excretion of drugs and the renal capacity to concentrate and dilute urine is deficient.
CFTR mRNA is expressed in all nephron segments and its protein is involved with chloride secretion in the
distal tubule, and the principal cells of the cortical (CCD) and medullary (IMCD) collecting ducts. Several
studies have demonstrated that CFTR does not only tranSporbut also secretes ATP and, thus, controls
other conductances suchsig™ (ENaC) andk T (ROMK2) channels, especially in CCD. In the polycystic
kidney the secretion of chloride through CFTR contributes to the cyst enlargement.
This review is focused on the role of CFTR in the kidney and the implications of extracellular volume
regulators, such as hormones, on its function and expression.

Key words: CFTR, kidney, nephron, chloride channel.

INTRODUCTION Cl~ involves several membrane proteins including

In mammalians, the kidneys are responsible for théhe channels. ) )
maintenance of the extracellular sodium chloride Numeroys chlondle channels have been dISCOY-
(NaCl) concentration that regulate the extracellularered n a.1var|ety f)f animal a”‘?' plant (.:ells .and their
fluid volume (ECFV) and blood pressure. Sodiummodulatlon and involvement in physiological pro-
and chloride are reabsorbed along the nephroncesses are widely described in the literature. Some
reaching over 99% of the filtered load under low of these channels have been cloned and mutations
salt diets. Chloride, the predominant anion in thein their genes are associated with genetic diseases
glomerular ultrafiltrate, is reabsorbed along the(‘]entSCh 1994, Lehmann-Horn & Jurkat-Rott 1999,

nephron either by trans or paracellular pathwayﬁoja‘S 1996 & Sasalét al. 1994). One of these

(Berry & Rector 1991). Transcellular transport of diseases is cystic fibrosis (CF), a common lethal au-
tosomal recessive disorder, caused by mutations in
This paper is dedicated to the memory of Prof. Carlos Chagasthe cvstic fibrosis transmembrane conductance reg-
Filho as a sign of love and friendship. y 9
*Invited paper ulator (CFTR) gene, which encodes a multifunc-
*Member of the Academia Brasileira de Ciéncias tional integra| membrane protein expressed in a va-
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E_ma“:pagilopes@biof_urfj_br P riety of epithelia, including the renal tubules (Rior-
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Fig. 1 — Predicted two-dimensional structure of the CFTR protein. The
CFTR domains shown are: TMD1 and TMD2-transmembrane-spanning do-
mains 1 and 2, respectively; R domain-regulatory domain; NBD1 and NBD2-
nucleotide-binding domains 1 and 2, respectively. The most common muta-
tion, AF508, is found in NBD1. Figure modified from Ref. Colliesal.
(1990).

dan 1993 & Rommenst al. 1989). The CFTR actions of ATP with the nucleotide-binding domain
gene, identified in the g21-31 region of chromo- (Anderson & Welsh 1992 & Moralegt al. 1999).
some 7 (Riordaret al. 1989), encodes a protein Besides the chloride transport function, CFTR plays
of 165-kD containing 1480 amino acids. CFTR an important role in intracellular vesicular acidifi-
is a member of the ATP binding cassette family cation (Baraschet al. 1991), protein processing
(ABC) of integral membrane proteins composed ofand traffic (Morris & Frizzell 1994), secretion of
two transmembrane domains (TMDs) and two nu-ATP (Winter et al. 1994) and control of the ep-
cleotide binding domains (NBDs), separated by aithelium sodium channel (ENaC), the renal secre-
larger regulatory domain (R) containing multiple tory K+ channel (ROMK-2) and the outwardly rec-
phosphorylation sites (Riordan 1993, Foskett 1998}ifying chloride channel (ORCC) (Ismailogt al.
(Figure 1). CFTR is a 3'5'-cyclic monophosphate, 1996, McNicholaset al. 1996, Sttutst al. 1995
(cAMP)-activated”!~ channel that modulates a se- & Schwiebertet al. 1995). The CFTR has a voltage
ries of intracellular functions by a complex pro- dependentlow-conductance for chloride (9 pS), and
cess involving both phosphorilation by 3'5’-cAMP is found mainly on the apical membrane of secretory
-dependent protein kinase A (PKA) and the inter-as well as absorptive epithelia (Bergerl. 1991).
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In cystic fibrosis, theCl~ channel function of tubule, cortical collecting duct, and the inner
CFTR is defective and more than 600 different mu-medullary collecting duct by immunocytochemistry
tations in the gene have been described AR®08  (Crawfordet al. 1991). Patch-clamp analysis has
mutation being the most common (Tsui & Buchwald also confirmed its presence in proximal and distal
1991). Cystic fibrosis is characterized by accumu-tubules and in cortical and inner medullary collect-
lation of thick mucus in the airway epithelia and ing ducts (Hustedt al. 1995, Letz & Korbmacher
in pancreatic and sweat ducts. These disturbancek997, Stanton 1989, Segetlal. 1993). CFTR is
usually result in pancreatic insufficiency, increase inhighly expressed during the early stages of kidney
sweatC/~ concentration, male infertility, intestinal development. At gestational age of 12 weeks kid-
and airway obstructions (Daviesal. 1996). The ney CFTR s confined to the apical membrane of the
airways manifestations are the main cause of CRireteric bud derived collecting tubule, and its pres-
patient mortality. Secretory cells from the airways ence in proximal tubule cytoplasma is first seen at
epithelia present a defective chloride ion transportl6 weeks of gestation (Devuyettal. 1996).
through the apical membrane, which resulta/im™
and water hyperabsorption, thickening of the mucu
and dehydration of the airways (Rojas 1996, Rior-Although immunolocalization studies indicate an
dan 1993, Daviest al. 1996). Mutations in CFTR apical expression of CFTR in the proximal tubules
impair mucociliary clearance in the lung, which fa- (Crawfordet al. 1991), patch clamp studies localize
cilitates bacterial infection that results in a cycle of its activity at the basolateral membrane (Sezjal.
inflammation, tissue damage and finally lung insuf-1993). The function of CFTR in proximal tubules is
ficiency (Boatet al. 1989). uncertain because the reabsorption of NaCl in this

In spite of the injury in several organs, patientssegment of the nephron is increased in CF, rather
with cystic fibrosis do not develop major renal dys- than decreased as would be expected if CFTR me-
function although they have reduced renal excretiordiatesC/~ absorption (Batest al. 1997, Stenvin-
of NaCl and decreased capacity to dilute and concerkle et al. 1991). The increase in CF kidne&y/~
trate urine (Donckerwolcket al. 1992, Stenvinkle reabsorption could be associated with the reduced
et al. 1991). These patients also have an enhancedxtracellular volume fluid or with a reduced NaCl
excretion of penicillin and aminoglicosides in urine reabsorption in the thick ascending limb of Henle
(Bateset al. 1997, Strandviket al. 1989). The and distal tubule, both found in CF (Donckerwolcke
impaired salt reabsorption by the kidney could beet al. 1992, Strandvilet al. 1989).
related to changes in the extracellular fluid volume On the other side, in CF the defective CFTR
caused by excessive losses of NaCl in sweat and feehannel causes an increase in penicillin and
ces. However, decreased NaClrenal excretion mighéminoglicosides excretion in the proximal tubule.
also result from a primary defect in renal function One hypothesis for this phenotype is that the ab-
caused by mutations in CFTR. normal CFTR decrease&s/— reabsorption, which

increase<”/~ in the tubular lumen. Thig'/~ will
move into the cell in exchange for those drugs, which
increase their clearance (Woodlagtdhl. 1998).
Several studies have demonstrated the presence of
CFTR in the kidney, and its mRNA has been de-CFTR IN HENLE’S LOOP AND DISTAL NEPHRON
tected in all nephron segments by reverse transcrip> ZCMENTS
tion PCR (Riordamrt al. 1989, Moralegtal. 1996). The mRNA for CFTR was found in the thin ascend-
CFTR was detected in proximal tubule, thin limbs inglimbs of Henle’s loop, but no protein was indenti-
of Henle’s loop, and luminal membrane of distal fied in this nephron segment by immunolocalization

SCFTR IN PROXIMAL TUBULE

CFTR AND KIDNEY
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or patch clamp studies (Crawfortlal. 1991, De- the TNR-CFTR, was also found (Moralest
vuystet al. 1996). The CFTR protein has not been, al. 1996). Electrophysiological studies support the
detected in the thick ascending limbs of Henle’s loopview thatCl~ secretion through the CFTR follows
by immunocitochemistry, although in patch clamp the electrochemical driving force across the apical
studies aCI~ channel with a low conductance (9 membrane (Kizeet al. 1995, Hustedtt al. 1995).
pS), dependent of ATP and g™, was found inthe The CI~ secretion occurs by a two step process,
basolateral membrane (Bergetral. 1991). This first involving the uptake ofC/~ across the baso-
channel was denominated pseudo CFTR, since it itateral membrane by’/~/HCO5 exchange and
still functional in CFTR knockout mice (Marva@  Na*/K™*/2CI~ cotransport and, then, the efflux
al. 1998). of C1~ across the apical membrane through CFTR

Distal convoluted tubule CFTR was detectedchannel (Letz & Korbmacher 1997, Moyet al.
by immunolocalization and patch clamp studies in1995, Kizeret al. 1995, Rocha & Kudo 1990).
the apical membrane. Probaldly~ is secreted into  Arginine vasopressin (AVP) stimulat€¥ ~ secre-
the luminal fluid through CFTR in response to thetion in IMCD by increasing 3'5’-cAMP which acti-
electrochemical gradient generated by the Na/Cl covates protein kinase A (PKA) which in turn activates
transporter. CFTR in this segment may also facil-CFTR channel (Moyest al. 1995). The role of AVP
itate HC O secretion by mediating the recycling onCI~ secretion may be related to the fact tivat™
of CI~ through theCI~/HC O3 exchanger in the secretion follows that o€'/~, inducing natriuresis
apical membrane (Tauet al. 1996, Ruberat al.  and chloruresis to maintain a normal plasma osmo-
1999). CFTR protein was not found in the con- lality during dehydration, as observatvivoin rats
necting tubule, in ther and g intercalated cells of (Luke 1973).
collecting ducts or in the outer medullary collecting
duct (OMCD) (Crawforcet al. 1991, Todd-Turlaet TNR-CFTR, THE RENAL SPLICE VARIANT OF CFTR
al. 1996). TNR-CFTR, a splice variant isoform of CFTR gene
is associated with specific small endosomal popula-
tions highly expressed in the renal medulla (Morales
In cortical collecting ducts (CCD) the CFTR protein et al. 1996). Functional studies with TNR-CFTR,
was only identified in the apical membrane of theexpressed in Xenopus oocytes or mammalian cells,
principal cells. There are experimental evidencesshowed cAMP-dependent single chloride channel
that CI~ absorption in this nephron segment is properties like those of the wild type CFTR, but with
through the paracellular pathway following the elec-lower efficiency (Moralest al. 1996). In medullary
trochemical gradient (Koeppen & Stanton 1992).collecting ducts the TNR-CFTR protein and mRNA
However, depending of the electrochemical drivingexpression is present during embrionic life, increas-
force forCI— movement across the apical membraneing during fetal kidney development and reaching
CFTR channel, this ion could either be absorbed othe highest level at birth (Devuystal. 1996). The
secreted (Linget al. 1994). ThisCl~ movement specific function of the TNR-CFTR is not clear and
is dependent oa™ absorption through the ENaC does not seem to be related to chloride secretion.
channel and may be controlled by hormones likeBecause it is found in abundance in intracellular
aldosterone and arginine-vasopressin (Duong Vanesicles in the cytoplasmic compartment, it may be
Huyenet al. 1998). involved in vesicular trafficking.

In the inner medullary collecting duct (IMCD)
CFTR plays an intriguing role. The CFTR channel CFTR AND PoLyCysTIC KIDNEY DisEASE (PKD)
is expressed at the apical membrane in this nephro@FTR expression and chloride channel function is
segment, but alternative splice form of this molecule,normal in polycystic kidney disease (PKD), an au-

CFTR 1N CoLLECTING DucTs
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tosomal dominant genetic disease (Hanaekal. fluid osmolality suggests that this chloride chan-
1996, Sullivanet al. 1998). This renal disorder is nel play a role in extracellular volume regulation
characterized by the presence of multiple epithelia(Morales M Met al. submitted).

cyst with epithelial cell proliferation and apical fluid

secretion. The cyst enlargement in PKD kidney is CONCLUSION

thought to involve inappropriate polarized secretionThe studies reviewed here show the importance of
of sodium ions into the tubule lumen due to the mis-the CFTR channelin the kidney. Besides its function
polarization of the §a* + K*)-ATPase pump in  in chloride transport, CETR modulates different ep-
the cyst apical membrane (Wilson 199Ra* and  jthelial conductances, such as channels for sodium
CI~ contents in cyst fluid are abnormally high, and (ENaCs), potassium (ROMK2) and chloride (OR-
addition of cAMP to PKD cystepitheliain culturein- CCs), probably by mediating ATP transport. Al-
creases fluid secretion and ATP release into the cyshoug very well studied in other organs, the function
fluid. These findings could be due to the CFTR,of CFTR is not fully understood in the kidney and

since it is well known that this channel transportsfurther studies are crucial to understand its role in
both Ci~ and ATP (Sullivaret al. 1998) and sug- renal physiology.

gest the involvement of CFTR in PKD cysts fluid
secretion and enlargement. ACKNOWLEDGEMENTS
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