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Enhancement of epithelial sodium channel expression in renal cortical collecting
ducts cells by advanced glycation end products

C/)ﬂng CT WuMS, Tian YC. Chen KH, Yu CC, Liao CH, Hung CcC, Yimg cw

Background. The epithelial sodium channel (ENaC) is a complex, and the alphakENaC sub-
unit has a crucial role in sodium uptake induced by aldosterone in the distal nephron. Ale
hough Cxpcrimcntai animal models of diabetes have demonstrated up—rcguiation of
alphaENaC expression in renal cortical collecting duct (CCD) cells, the molecular me-
chanism remains unclear. Advanced glycation end products (AGEs) are by-products of
iong—tcrm hypcrgiycaemia and comprisca signiﬁcant pathogenic factor in diabetic ncphro—

patiiy. We iiypotiicsizc that AGEs piay arole in rcguiating aiphaENaC gene expression.

Methods. Mouse CCD cells (mpkCCDcl(4)) were cultured with AGE to determine the
cffects of AGE on alphaENaC expression and sodium uptake. Gene expressions of ENaC
were measured by real-time PCR and sodium uptake was measured with fluorescent dye
asa sodium indicator (SBFI-AM). This study analysed mitogen-activated protein kinases
signaling patiiways by western biotting. Cells co-transtected with piasmids of the aiphaE-
NaC promoter carrying a luciferase reporter and piasmids expressing Wiid-type or mu-
tant serum- and glucocorticoid-induced kinase 1 (Sgk1) mRNA were stimulated with

AGE to identify the signaiing pathway.

Resulis. The AGEs, stimulated in a time- and dose-dependent manner, enhanced alphak-
NaC mRNA expression and sodium uptake in mpkCCDcl(4) cells. The AGEs also sig-
nificantly stimulated Sgkl mRNA and Sgkl activity in a time- and dose-dependent
manner. Co-transfected with piasmid expressing mutant Sgkl signiﬁcantiy limited sti-

mulated alphaENaC promoter-driven luciferase activity by AGEs in mpkCCDecl(4) cells.

Conclusion. Experimentai results indicate that AGEs induced aiphaENaC expression and
increased sodium uptakc in renal CCD cells. The mechanism througii which AGEs acti-
vate alphaENaC expression may be via activation of Sgk1 in mpkCCDcl(4) cells.
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CHAPTER 9

Preparation of advanced glycation end products in vitro

With great interest we read the article by Chang ctal.l on the enhancement of epithelial
sodium channel mRNA expression and protein level in renal cortical Coiiccting duct
(CCD) cells by advanced glycation end products (AGEs). The authors show that AGEs
canincrease sodium uptakc in CCD cellsinadose dcpendcnt way, providing anovel me-

chanism for the dysregulation of sodium balance in diabetic nephropathy.

However, we have concerns on their i7z vitro preparation of AGEs. Since their results are
dependent on the stimulation of renal CCD cells with AGEs prepared i vitro, itis very im-
portant that they prepared their AGEs properly. For instance, Valencia et al. showed that
AGE preparations which were free of significant levels of endotoxin contamination, fai-
led to induce proinflammatory cellular responses, whereas endotoxin induced cell surface
VCAM:-1 on HMEC-4 endothclial cells and tumour necrosis factor-a secretion by pri-
mary human PBMCs.? Therefore, to exclude the possibility that the effects of AGEs on
Cpithciiai sodium channel expression in renal CCD are mediated by endotoxin contami-
nation, the authors should have used endoroxin-free bovine serum albumin (BSA) and
assayed the control and AGE preparation for endotoxin contamination, for example by

using the Limulus ﬂmebog/te iysate assay.

The authors added azide to prevent contamination by live bacteria under these pro—bio—
tic conditions (a nign giucosc concentration at 37°C). They do not describe the use of
sterilization filters before the 6 week incubation pcriod nor after diaiysis, whichisa pro-
cedure with a risk of contamination. In our opinion using sterilization fileers is important
in the process of AGE—preparation. But as mentioned carlier, the main probiem is conta-

mination by endotoxin.

In addition to the aforementioned concerns, the dcgrec of giycation was oniy indircctiy as-
sessed as fluorescence measured by spectrophotometry. Although this indeed strongiy
suggests that AGEs have been formed, it would have been more Cicgant to show spc:ciﬁc
AGE levels such as N*(carboxymethyl)lysine (CML) and N*(carboxyethyl)lysine (CEL).
The authors used the correct control preparation which was treated idcnticaiiy with the ex-
ception that glucose was omitted. In our lab we reccntiy prepared AGEs by incubating
endotoxin-free BSA 300 mg/mL at 37° C for 6 weeks with D-glucose (90 g/L) ina 0.4 M
phosphate bufteratpH7.6. Intcrestingiy, we saw an increase in CML and CEL in our con-
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trol prcparation which was treated identically but without the addition of glucose, when
compared to non-incubated BSA (Figure). It would have been interesting to use non-in-

cubated endotoxin-free BSA as a control as well.

We conclude that Chang ctal. propose a novel mechanism that could be involved in dis-
turbances of sodium balance in diabetic nephropathy, ic an AGE-induced increase in ex-
pression of the epithelial sodium channel mRNA and protein, with enhanced sodium
uptake in renal CCD cells. To substantiate this interesting hypothesis it would be impor-

tant to exclude endotoxin mediated effects.
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Figure 1.

A) Ne-(carboxymethyl)lysine (CML) measured by western blot analysis: 1, BSA non-incubated; 2, BSA incubated for 6 weeks at 37°C; 3, BSA incu-
bated for 6 weeks at 37°C with 0.5M glucose.
B) CML and C) Ne-(carboxyethyl)lysine (CEL) levels measured by liquid chromatography-fandem mass spectrometry.
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