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Abstract: The epithelial sodium channel (ENaC) is critical in maintaining sodium balance across aldosterone-responsive epithelia.
ENaC is a combined channel formed of three subunits (cffy) with oo ENaC subunit being the most critical for channel functionality. In
a previous report, we have demonstrated the existence and mRNA expression levels of four alternatively spliced forms of the o0 ENaC

subunit denoted by -a, -b, -c and -d in kidney cortex of Dahl S and R rats. Of the four alternatively spliced forms presently identified,
o ENaC-b is considered the most interesting for the following reasons: Aside from being a salt-sensitive transcript, o ENaC-b mRNA
expression is ~32 fold higher than oo ENaC wildtype in kidney cortex of Dahl rats. Additionally, the splice site used to generate o
ENaC-b is conserved across species. Finally, oo ENaC-b mRNA expression is significantly higher in salt-resistant Dahl R rats versus
salt-sensitive Dahl S rats. As such, this commentary aims to highlight some of the previously published research articles that described
the existence of an additional protein band on o ENaC western blots that could account for oo ENaC-b in other rat species.
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Over the past decades, ENaC has been extensively
studied in multiple species because of its critical role
in maintaining sodium balance across aldosterone-
responsive epithelia. ENaC is twice as active in the
inner medullary collecting ducts of Dahl salt-sensitive
(S) versus salt-resistant (R) rats.! While it is tempting
to speculate that ENaC mutations might be the reason
behind the enhanced ENaC activity in Dahl S versus
R rats, recently a comprehensive ENaC o, 3, and vy
screening study had reported the identical sequences
of ENaC a, [3, and y genes in the exon-intron bound-
aries, 5’ and 3’ flanking regions as well as the com-
plete coding regions.?

There were no reports on the RNA regulation of
ENaC in Dahl S and R rat models until recently when
Aoi et al reported an abnormal increase in o ENaC
mRNA (2.5-fold) in the kidneys of Dahl S, but not
R rats (a0 ENaC mRNA is suppressed in Dahl R rats)
on high versus regular salt intake for 4 weeks.** It is
worth mentioning at this point that the sequences of
the forward and reverse primers used by Aoi and co-
authors®* are common among o ENaC wildtype (wt),
o ENaC-a and -b spliced forms,® and the altered
levels reported for o ENaC should be carefully inter-
preted (because the primers would amplify both the
major transcript and potentially the two alternatively
spliced forms [-a and -b], and hence cause false ele-
vations of full-length @ ENaC mRNA). Our previ-
ously reported data,’ on the other hand, showed no
significant changes in full-length oo ENaC mRNA
concentration in response to salt in Dahl S and R rats,
but a constitutive increase in o0 ENaC mRNA con-
centration was witnessed in Dahl R versus S rats. As
such, the reasons for ENaC functional variability in
Dabhl rats are poorly understood at present. A poten-
tial explanation for the differential ENaC regulation
in Dahl rats is via alternative splicing of the principle
o ENaC subunit, which is the focus of the present
commentary.

Surprisingly, until very recently alternative splic-
ing of ENaC has not been the focus of biomedical
research. In a previous report,® four alternatively
spliced forms (-a, -b, -c and -d) associated with o
ENaC were defined in Dahl S and R rats in terms
of their existence, their mRNA expression levels,
and their mRNA profiles in response to high salt
diet. Among the four oo ENaC alternatively spliced

forms, oo ENaC-b is the most interesting because of
the following factors. @ ENaC-b mRNA expression
levels are significantly higher in Dahl R rats with
suppressed ENaC activity versus Dahl S rats (a sister
strain with an enhanced ENaC activity).® oo ENaC-b
is a salt-sensitive transcript whose mRNA expression
levels are ~32 fold higher than oo ENaC wildtype.°
Finally, the splice site used to generate a0 ENaC-b is
conserved across species.>®

Overrepresentation of oo ENaC-b in Dahl R could
be indicative of a dominant negative effect on oo ENaC
expression/function in this model. In some instances
of dominant negative effects, it is the excessive accu-
mulation of the translated peptide that competes with
full-length for activity.” It is worth mentioning that
increased preference of oo ENaC-b mRNA and pos-
sibly protein synthesis in Dahl R rats might have been
encouraged by the initial constitutive increase in full
length oo ENaC mRNA in this strain, to allow for more
o ENaC-b protein formation and accumulation.

As such, we were curious to find out if other
research papers did in fact highlight the existence of
an additional band of the size of oo ENaC-b on o ENaC
western blots. It is worth mentioning at this point that
o-ENaC antibody we employed in our experiments'’
is directed against the N-terminus amino acid residues
46-68 [NH2-LGK GDKREEQGLGPEPSAPRQPT-
COOH] of the rat (o« ENaC). The a-ENaC antibody
is supposed to recognize protein bands of apparent
masses of 80—85 (o« ENaC) and 37 kDa (a proteolytic
fragment of oo ENaC). Previous channel purification
studies® and o0 ENaC western blots have demonstrated
extra proteins that could account for additional alter-
natively spliced forms that might play a role in ENaC
structure/function. During our search for existing west-
ern blots for oo ENaC, we identified several articles
that described o0 ENaC protein expression by present-
ing the oo ENaC subunit protein band alone without
showing any additional protein bands.* !> On the other
hand, several other researchers reported the presence
of an additional band of the size 49—60 kDa."*'> The
size of oo ENaC-b of 53 kDa'®!"" could easily match the
size of the existing band in the above western blots.
While some authors described the additional band (s)
as non specific to oo ENaC antibody or anonymous,
other authors attributed the existence of this consis-
tent band to the possibility of being a yet to be identi-
fied a ENaC cleavage product. As such, it is essential
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Western blot protein band could account for a ENaC-b

to confirm at this point the in vivo expression of o
ENaC-b in kidney tissues as described by our recently
published hypothesis detailing the step-by-step
approach to examining oo ENaC-b."®

Therefore, this commentary does not prove or dis-
prove the protein expression of oo ENaC-b in other rat
species, but rather confirms the existence of several
yet to be identified protein bands related to oo ENaC.
The presence of several bands on oo ENaC western
blots constitutes the driving force to pursue oo ENaC-b
protein expression in vivo versus if none of the above
yet to be determined protein bands were present.

Disclosure

This manuscript has been read and approved by the
author. This paper is unique and is not under con-
sideration by any other publication and has not been
published elsewhere. The author and peer reviewers
of'this paper report no conflicts of interest. The author
confirms that they have permission to reproduce any
copyrighted material.

References

1. Husted RF, Takahashi T, Stokes JB. IMCD cells cultured from Dahl S
rats absorb more Na+ than Dahl R rats. 4m J Physiol. 1996;271(5 Pt 2):
F1029-36.

2. Shehata MF, Leenen FH, Tesson F. Sequence analysis of coding and 3” and
5’ flanking regions of the epithelial sodium channel alpha, beta, and gamma
genes in Dahl S versus R rats. BMC Genet. 2007;8:35.

3. Aoi W, Niisato N, Miyazaki H, Marunaka Y. Flavonoid-induced reduction
of ENaC expression in the kidney of Dahl salt-sensitive hypertensive rat.
Biochem Biophys Res Commun. 2004;315(4):892—6.

4. Aoi W, Niisato N, Sawabe Y, et al. Abnormal expression of ENaC and
SGK1 mRNA induced by dietary sodium in Dahl salt-sensitively hyperten-
sive rats. Cell Biol Int. 2007;31(10):1288-91.

5. Li XJ, Xu RH, Guggino WB, Snyder SH. Alternatively spliced forms of the
alpha subunit of the epithelial sodium channel: distinct sites for amiloride
binding and channel pore. Mol Pharmacol. 1995;47(6):1133-40.

6. Shehata MF. Characterization of the epithelial sodium channel alpha subunit
coding and non-coding transcripts and their corresponding mRNA expression
levels in Dahl R versus S rat kidney cortex on normal and high salt diet. /nt
Arch Med. 2009;2(1):5.

7. Mosley JD, Keri RA. Splice variants of mIAP1 have an enhanced ability to
inhibit apoptosis. Biochem Biophys Res Commun. 2006;348(3):1174-83.

8. Itani OA, Auerbach SD, Husted RF, et al. Glucocorticoid-stimulated lung epi-
thelial Na(+) transport is associated with regulated ENaC and sgkl expres-
sion. Am J Physiol Lung Cell Mol Physiol. 2002;282(4):L631-41.

9. Saxena SK, Singh M, Kaur S, George C. Distinct domain-dependent effect
of syntaxinl A on amiloride-sensitive sodium channel (ENaC) currents in
HT-29 colonic epithelial cells. /nt J Biol Sci. 2007;3(1):47-56.

10. Tian N, Moore RS, Braddy S, et al. Interactions between oxidative stress
and inflammation in salt-sensitive hypertension. Am J Physiol Heart Circ
Physiol. 2007;293(6):H3388-95.

11. Tian Y, Riazi S, Khan O, et al. Renal ENaC subunit, Na-K-2Cl and Na-Cl
cotransporter abundances in aged, water-restricted F344 x Brown Norway
rats. Kidney Int. 2006;69(2):304—12.

12. Perez FR, Venegas F, Gonzalez M, et al. Endothelial epithelial sodium
channel inhibition activates endothelial nitric oxide synthase via phospho-
inositide 3-kinase/Akt in small-diameter mesenteric arteries. Hypertension.
2009;53(6):1000-7.

13. Ergonul Z, Frindt G, Palmer LG. Regulation of maturation and process-
ing of ENaC subunits in the rat kidney. A4m J Physiol Renal Physiol. 2006;
291(3):F683-93.

14. Staub O, Dho S, Henry P, et al. WW domains of Nedd4 bind to the proline-
rich PY motifs in the epithelial Na+ channel deleted in Liddle’s syndrome.
Embo J. 1996;15(10):2371-80.

15. Otulakowski G, Rafii B, Harris M, O’Brodovich H. Oxygen and glucocor-
ticoids modulate alphaENaC mRNA translation in fetal distal lung epithe-
lium. Am J Respir Cell Mol Biol. 2006;34(2):204—12.

16. Shehata MF. Regulation of the epithelial sodium channel [ENaC] in kidneys
of salt-sensitive Dahl rats: insights on alternative splicing. Int Arch Med.
2009;2(1):28.

17. Shehata MF. A Novel Mechanism in Regulating the Alpha-Subunit of the
Epithelial Sodium Channel (o0 ENaC) by the Alternatively Spliced Form o
ENaC-b. Biochemistry Insights. 2009;2:21-7.

18. Shehata MF. The Epithelial Sodium Channel alpha subunit (alpha ENaC)
alternatively spliced form “b” in Dahl rats: What’s next? Int Arch Med.
2010;3(1):14.

Publish with Libertas Academica and
every scientist working in your field can
read your article

“I would like to say that this is the most author-friendly
editing process | have experienced in over 150
publications. Thank you most sincerely.”

“The communication between your staff and me has
been terrific. Whenever progress is made with the
manuscript, | receive notice. Quite honestly, I've
never had such complete communication with a
Jjournal.”

“LA is different, and hopefully represents a kind of
scientific publication machinery that removes the
hurdles from free flow of scientific thought.”

Your paper will be:
° Available to your entire community
free of charge
Fairly and quickly peer reviewed
Yours! You retain copyright

http://www.la-press.com

Clinical Medicine Insights: Cardiology 2010:4

75


http://www.la-press.com
http://www.la-press.com

