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Sodium Chloride Regulation of aENaC, ET-1,
and COX-2 Genes: A Possible Implication of
Hypertension

YoungJoo Lee, Ph.D.

Sejong University, Department of Bioscience and Biotechnology

High Blood Pressure, a ”Silent Killer."

Blood Pressure Optimal || Normal High

(mm Hg) Normal Hypertension

Systolic || <120 || <130 [ 130-139)) -4

Diastolic || <80 <85 || 85-89 >00
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Specific Aims

Dietary 2~ 3 0ff 2|8t
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Physiologic Na*® Regulation
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Sodium transport by channels

Renin-Angiotensin system:
vasoconstriction, sodium retention

M ldosterone:
nineralocorticoid receptor
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renal cortex

renal medulla

Kidney has a important role in Na™ homeostasis.
There is a unique relationship between the kidney
and blood pressure.
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* Dahl salt-sensitive (DS) and salt-resistant (DR) rats
e H20 28 D820 2,

* Spontaneously hypertensive rat : SHR
Wistar A S HE
=ENFO0 2Ast &S SOt
F=2dxHE itz g &M

« DOCA Al 182 8 A (DOCA salt rat)
oA

NS HAMAIDA 2 1-10F014 AR
DOCA salt rat2 13 %' 22H Y &

—118 -



Experimental Model System
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Isolation RNA

1.5 M NaCl (8.7%)

cDNA synthesis

PCR
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... .. Isolation Protein
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i Western blot

Levels of Plasma Sodium Concentration
after IP Injection of Sodium Chloride
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Levels of Plasma Aldosterone Concentration

after IP Injection of Sodium Chloride
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Genes Under Investigation

Hypertension Related Genes
Epithelial Sodium Channel
Endothelin-1
COX-2

Minerlaocorticoid Receptor
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Epithelial Sodium’“ Channel (ENaC)

Drug Metabolism and Disposition 2001
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NEeE S (Liddle’s syndrome).

Expression of @QENaC in the Kidney Cortex
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Sodium chloride downregulates « ENaC in SD rat kidney cortex at
mRNA and protein levels.

~121 —



ICurrent Model of Sodium Transport by
Alpha Epithelial Sodium Channel

Mol Endo. 2001

No Changes in Mineralocorticoid Receptor
mRNA after Sodium Chloride Treatment
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Nuclear Receptor Superfamily

N — IDNA| 1 Ligand ———C
' —i

AF-1 DIMERIZATION AF-2

K

. P

C —e— O

MR mineralocorticoid
GR glucocorticoid
AR androgen

ER estrogen

Expression of AENaC in the Kidney Cortex

aFNaC/RPLIY

CHX(-) .
Coinjection of CHX(1.5 mg/kg of body mass) blocked the sodium-
induced aENaC down-regulation at 3 h of treatment.

Synthesis of new, uncharacterized protein(s) is required for sodiumn
chloride-mediated inhibition of adENaC gene transcription.
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Our Working Model

Ao —+ Aldosterone ?
P S o |

New Protein(?)
7
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E New gene(?)| -9 {New Protein(?)

Kidney cell

SSE: sodium sensing element

2-DE map of protein from kidney cortex
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Cyclooxygenase-2 (COX-2)
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Expression of COX-2 in SD rat Kidney

Protein

medulla

cortex
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Expression of COX-2 showed tissue specific regulation.
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Expression of COX-2 in SD rat Kidney

— COX-2

Transcriptional regulation of COX-2
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Multiple response elements in the COX-2 promoter region.
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Is NF-KB binding responsible for COX-2 regulation by salt?

Probe ouly

(8 <« NF-LKB

Activation of NF-KB is recognized to be critical for regulating the
induction of COX-2.

Effect of hypertonic NaCl on full-length (-3400) COX-2
Promoter activity in transfected COS+ER cells.
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Which region is crucial for salt-induced COX-2 promoter activity?
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Endothelin 1 (ET-1)
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Sodium Chloride Dramatically Upregulates Endothelin-1
in SD Rat Kidney Medulla at mRNA Level
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Expression of c-fos in kidney medulla and cortex

Protein
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Sodium chloride stimulates c-fos gene expression in SD rat kidney.

SUMMARYS

1. We have established a model system to study
sodium chloride, an environmental factor,
induced gene regulations.

2. oENaC, cox-2, and c-fos genes are regulated by
sodium chloride at mRNA level as well as at protein level .

3. Regulation of a ENaC requires syntheses of new protein(s).

4. COX-2 may have a important role for homeostasis
in hypertonic situation.
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