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Summary

The role of Na,1.7 in electrogenesis in dorsal root ganglion
(DRG) and sympathetic ganglion neurons is well-established, and
itis clear that Na,1.7 functions as a threshold channel in these neu-
rons, amplifying small depolarizing inputs to bring the cell to
threshold for action potential generation and facilitating neural
transmitter release.™ Na,1.7 dysfunction is associated with differ-
ent human pain disorders. Gain-of-function missense mutations in
Na,1.7 have been shown to cause primary erythermalgia and par-
oxysmal extreme pain disorder,”” while nonsense mutations in
Na, 1.7 result in loss of Na,1.7 function and a condition known as
channelopathy-associated insensitivity to pain, a rare disorder in
which affected individuals are unable to feel physical pain.”"'

A number of mediators, including prostaglandin,'* adenosine
and serotonin, " affect the electrophysiological properties of volt-
age-gated sodium channels. These mediators increase the magni-
tude of the current, lead to activation of the channel at more hy-
perpolarized potentials, and enhance the rates of channel activa-

tion and inactivation. As a consequence, hypersensitivity can sen-

sitize nociceptive neurons. In an experimental model of in-
flammatory pain in which an irritant was injected into the hind
paw in rats, Na,1.7 protein expression was upregulated within
DRG neurons that project their axons to the inflamed area and
such change increased excitability of these cells.” Collectively,
these data suggest that Na,1.7 contributes, at least in part, to pain
associated with inflammation. Whether or not the stress (without
inflammation) is one of the causes resulting in a dynamic change
of Na,1.7 expression is unknown.

“Nay1.7: stress-induced changes in immunoreactivity within
magnocellular neurosecretory neurons of the supraoptic nucleus,”
reported by Black et al, ' reveals a relationship between salty feed-
ing and high level expression of Na,1.7 in supraoptic nucleus in
rodent, which potentially provided a biological animal model to
understand the relationship of stress and change of voltage gated
sodium channel in irritable bowel syndrome (IBS).

In the study, the rats were housed under a 12 hours-12 hours
dark-light cycle, and fed with 2% NaCl (ad libitum) in their
drinking water and unlimited access to food. The measurement
of plasma osmotic pressure after such feeding was confirmed by
hyperosmolarity (mOsm), i.e., 323.3 = 4.8 in control rats, 353.2
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*+ 3.3 in salt-loaded rats (P < 0.05). The changes of Na,1.7 ex-
pression were analyzed using immunocytochemistry by compar-
ing Na,1.7 immunofluorescence between two groups (6 control
and 6 salt-loaded rats) after 7 days of salt loading. The authors
found that salt-loading induced a substantial increase in the level
of Na,1.7 immunoreactivity in magnocellular neurosecretory cells
of the supraoptic nucleus compared to magnocellular neuro-
secretory cells in control rats. In addition to the detection of
greater numbers of magnocellular neurosecretory cells that dis-
played Na,1.7 immunolabeling, the intensity of Na,1.7 in some
magnocellular neurosecretory neurons was markedly greater than
that observed in magnocellular neurosecretory cells from control
rats. Quantification of the mean intensity of Na,1.7 signal within
the circumscribed supraoptic nucleus demonstrated a significant
up-regulation of Na,l.7 in response to salt-loading challenge.
These observations demonstrate that the level of Na,1.7 protein
in these cells is significantly increased in osmotically-challenged

rats.

Comment

Na,1.7 protein is dynamic, and is up-regulated in response to
increased osmotic stress via salt-loading. Now that sodium chan-
nel isoform (including Nay1.7) of magnocellular neurosecretory
neurons can be manifested by osmotic stress imposed by
salt-loading and through the systematic circulation, it is a logical
hypothesis that the osmosis stress imposed by salty diet has possi-
bly more severer influence on Na,1.7 expression in sensory neu-
rons of intestine and DRG that may contribute to IBS or func-
tional bowel disorders. Upregulation of Na,1.7 may result in vis-
ceral hypersensitivity which may present with symptom as hyper-
algesia; while elevation of prostaglandin, adenosine and seroto-
nin, which have been reported in IBS, may shift the activation of
Nay1.7 left, i.e., resulting in symptom as allodynia. Obviously, the
role of Na,1.7 in IBS is worth to be explored.

Up to date, there is no direct evidence to link salty food with
the dynamic change of expression in voltage gated sodium chan-
nel in enteric sensory neuron or visceral associated DRG neu-
rons; also, there is no direct evidence to indicate Na,1.7 as a
threshold channel to IBS. However, the observation of the dy-
namic change of channel expression is being accumulated.
Firstly, in clinic, there is enough evidence indicating that eating,
diet and nutrition are associated with IBS, certain foods and
drinks are responsible for triggering IBS symptoms; large meals

can cause cramping and diarrhea, so eating smaller meals more

often, or eating smaller portions, may help IBS symptoms.
Secondly, Clinical studies show that chronic stress plays an im-
portant role in the pathophysiology of IBS."” Altered visceral sen-
sitivity with increased responses to colorectal distension con-
sistently presents and is recognized as a hallmark of IBS in
clinic.'**° Thirdly, in basic research, a study of the mechanism of
stress-induced visceral hypersensitivity revealed that inhibition of
cystathionine (3-synthetase lowered the expression of endogenous
hydrogen sulfide, a potent modulator of transient receptor poten-
tial vanilloid type 1 (TRPV1) and voltage gated sodium channel,
significantly suppressed voltage-gated sodium channel currents
of colon specific DRG neurons and reversed the enhanced ex-
pression of Na,1.7 and Na,1.8 subtypes.”’ These findings em-
phasize a crucial role of Na,1.7 protein which is dynamic and
up-regulated in response to increased stresses.

Similarly, the other cellular molecules such as KCNA4* and
TRPV1” and cellular endogenous factors such as neural growth
factor” and transforming growth factor’* have been reported in
relation to visceral hypersensitivity. Obviously, the present find-
ings in which the molecules of Na,1.7, Na,1.8, KCNA4 and
TRPV1 have been suggested to be associated with visceral hyper-
sensitivity need for the further assessment under high salt feed-

ing, based on the idea reported from Black et al.'®

References

1. Dib-Hajj SD, Yang Y, Black JA, Waxman SG. The Na,1.7 sodium
channel: from molecule to man. Nat Rev Neurosci 2013;14:49-62.

2. Rush AM, Dib-Hajj SD, Liu S, Cummins TR, Black JA, Waxman
SG. A single sodium channel mutation produces hyper- or hypoexcit-
ability in different types of neurons. Proc Natl Acad Sci USA
2006;103:8245-8250.

3. Toledo-Aral JJ, Moss BL, He Z], et al. Identification of PN 1, a pre-
dominant voltage-dependent sodium channel expressed principally
in peripheral neurons. Proc Natl Acad Sci USA 1997;94:1527-1532.

4. Choti JS, Dib-Hajj SD,Waxman SG. Inherited erythermalgia: limb
pain from an S4 charge-neutral Na channelopathy. Neurology 2006;
67:1563-1567.

5. Cummins TR, Dib-Hajj SD, Waxman SG. Electrophysiological
properties of mutant Na,1.7 sodium channels in a painful inherited
neuropathy. ] Neurosci 2004;24:8232-8236.

6. Dib-Hajj SD, Rush AM, Cummins TR, et al. Gain-of-function mu-
tation in Nay1.7 in familial erythromelalgia induces bursting of sen-
sory neurons. Brain 2005;128(Pt 8):1847-1854.

7. Han C, Dib-Hajj SD, Lin Z, et al. Farly- and late-onset inherited er-
ythromelalgia: genotype-phenotype correlation. Brain 2009;132(Pt
7):1711-1722.

8. Han C, Rush AM, Dib-Hajj SD, et al. Sporadic onset of eryth-
ermalgia: a gain-of-function mutation in Na,1.7. Ann Neurol 2006;
59:553-558.

274 Journal of Neurogastroenterology and Motility



10.

11.

12.

13.

14.

15.

16.

. Ahmad S, Dahllund L, Eriksson AB, et al. A stop codon mutation in

SCNO9A causes lack of pain sensation. Hum Mol Genet 2007;16:
2114-2121.

Cox JJ, Reimann F, Nicholas AK, et al. An SCN9A channelopathy
causes congenital inability to experience pain. Nature 2006;444:
894-898.

Goldberg YP, MacFarlane J, MacDonald ML, et al. Loss-of-func-
tion mutations in the Na,1.7 gene underlie congenital indifference to
pain in multiple human populations. Clin Genet 2007;71:311-319.
England S, Bevan S, Docherty R.J. PGE2 modulates the tetrodotox-
in-resistant sodium current in neonatal rat dorsal root ganglion neu-
rones via the cyclic AMP-protein kinase A cascade. J. Physiol 1996;
495(Pt 2):429-440.

Gold M.S, Reichling D.B, Shuster M.], Levine J.D. Hyperalgesic
agents increase a tetrodotoxin-resistant Na* current in nociceptors.
Proc Natl Acad Sci USA 1996;93:1108-1112.

Okamoto K, Imbe H, Morikawa Y , et al. 5-HT54 receptor subtype
in the peripheral branch of sensory fibers is involved in the potentia-
tion of inflammatory pain in rats. Pain 2002;99:133-143.

Black J.A, Liu S, Tanaka M, Cummins T.R;, Waxman S.G.
Changes in the expression of tetrodotoxin-sensitive sodium channels
within dorsal root ganglia neurons in inflammatory pain. Pain 2004;
108:237-247.

Black JA, Hoeijmakers JG, Faber CG, Merkies IS, Waxmanl SG.
Na,1.7: Stress-induced changes in immunoreactivity within magno-
cellular neurosecretory neurons of the supraoptic nucleus. Mol Pain
2013;9:39.

Vol. 20, No. 2 April, 2014 (273-275)

17.

18.

19.

20.

21.

22.

23.

24.

A Hypothesis of Salty Feeding and IBS

Bennett EJ, Tennant CC, Piesse C, Badcock CA, Kellow JE. Level
of chronic life stress predicts clinical outcome in irritable bowel
syndrome. Gut 1998;43:256-261.

Drossman DA, Whitehead WE, Camilleri M. Irritable bowel syn-
drome: a technical review for practice guideline development. Gastro-
enterology 1997;112:2120-2137.

Lembo T, Munakata J, Naliboff B, Fullerton S, Mayer EA. Sigmoid
afferent mechanisms in patients with irritable bowel syndrome. Dig
Dis Sci 1997;42:1112-1120

Azpiroz F, Bouin M, Camilleri M, et al. Mechanisms of hyper-
sensitivity in IBS and functional disorders. Neurogastroenterol Motil
2007;19(suppl s1):62-88.

Wang Y, Qu R, Hu S, Xiao Y, Jiang X, Xu GY. Upregulation of
cystathionine [3-synthetase expression contributes to visceral hyper-
algesia induced by heterotypic intermittent stress in rats. PLoS One
2012;7:e53165.

Zhu Y, Mehta K, Li C, et al. Systemic administration of anti-NGF
increases A-type potassium currents and decreases pancreatic noci-
ceptor excitability in a rat model of chronic pancreatitis. Am J Physiol
Gastrointest Liver Physiol 2012;302:G176-G181.

Zhu Y, Colak T, Shenoy M, et al. Nerve growth factor modulates
TRPVI expression and function and mediates pain in chronic
pancreatitis. Gastroenterology 2011;141:370-377.

Zhu'Y, Colak T, Shenoy M, et al. Transforming growth factor beta
induces sensory neuronal hyperexcitability, and contributes to pancre-
atic pain and hyperalgesia in rats with chronic pancreatitis. Mol Pain
2012;8:65.

275



