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                背景：和腎功能的惡化是最具相關性的是腎小管間質組織的纖維化程度。糖尿病腎病變主要是歸因於細胞外基質的堆積與腎臟的肥大，而且之前已有許多研究顯示後期糖化終產物(AGEs)、氧化壓力以及纖維化刺激路徑在糖尿病造成的腎臟傷害上扮演一個決定性的角色。
方法：實驗組的老鼠腎臟近端小管上皮細胞在經由各種抑制劑，例如500 U/ml superoxide dismutase，500 U/ml catalase，100 μM N-nitro-L-arginine methyl ester，20 μM diphenylene iodonium (DPI)，30 μM rotenone, 30 μM allopurinol，10 μM PD98059，10 μM SB203580，或是10 μM SP600125的前處理之後，就培養在含有10 μg/ml的糖化牛血清白蛋白終產物(AGE-BSA)中。在經過48小時的培養之後，我們利用酵素免疫結合吸附法(ELISA)來檢測轉化生長因子－β1(TGF-βl)蛋白的高低，而TGF-β1的基因表現則藉由反轉錄聚合酶連鎖反應(RT-PCR)方法來加以評估。
研究結果：在經過48小時的培養之後，後期糖化終產物(AGBs)會誘發最高的TGF-β1的表現。培養在後期糖化終產物(AGEs)中的綑胞經過一小時後，超氧化物便開始快速的增加並且維持較高的O2(上標 -)生合成直到6小時為止。藉由清除O2(上標 -)而非一氧化氮(NO)或是過氧化氫(H2O2)可以降低TGF-β1訊息核糖核苷酸(mRNA)的值。經過DPI的前處理可以很顯著地壓制TGF-β1的表現，這意指著NADPH oxidase才是負責誘導超氧化物(O2(上標 -))生成的主要酵素。此外，在我們這一個體外研究中也顯示：細胞質中的ERK路徑的活化可能在後期糖化終產物(AGEs)誘發老鼠腎臟近端小管上皮細胞的TGF-β1的過度表現的機轉中扮演重要角色。
結論：腎臟近端小管上皮細胞在經後期糖化終產物(AGEs)的處理之後會增加由NADPH oxidase負責誘導的超氧化物(O2(上標 -))的生成，然後去誘發細胞質中ERK訊號傳遞的活化並進而造成腎臟纖維化的病理變化。藉由調節氧化還原反應與調控ERK訊號傳遞在未來應該是可以應用在預防與避免糖尿病腎臟傷害的另一種方法。
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                Background: The degree of renal tubulointerstitial fibrosis correlates best with renal function deterioration. Diabetic nephropathy is attributed to extracellular matrix accumulation and renal hypertrophy; previous studies have shown that advanced glycation end products (AGEs), oxidative stress and fibrosis stimulatory pathways are central to diabetic renal injury.
Methods: Rat kidney proximal tubule epithelial cells pretreated with or without inhibitors-500 U/ml superoxide dismutase (SOD), 500 U/ml catalase, 100 μM N-nitro-L-arginine methyl ester (L-NAME,), 20 μM diphenylene iodonium (DPI), 30 μM rotenone, 30 μM allopurinol, 10 μM PD98059, 10 μM SB203580, or 10 μM SP600125-were cultured in medium containing 10 μg/ml glycated bovine serum albumin (AGE-BSA). Following incubation for 48 hrs, enzyme-linked immunosorbent assays (ELISAs) were applied to determine transforming growth factor-beta 1 (TGF-β1) protein levels; TGF-β1 gene expression was assessed by reverse transcription-polymerase chain reaction (RT-PCR).
Results: The AGEs produced the strongest promotion effect on TGF-β1 expression after 48 hrs of treatment. Superoxide production rapidly increased at 1 hr and elevated O2(superscript -) formation persisted for 6 hrs. Scavenging O2(superscript -) and not nitrogen oxide (NO) or hydrogen peroxide (H2O2) reversed TGF-β1 mRNA levels. Pretreatment with DPI significantly limited TGF-β1 expression, suggesting that NADPH oxidase is responsible for inducing superoxide formation. Moreover, extracellular response kinases (ERK) activation likely plays a role in AGEs induced over-expression of TGF-β1 on NRK-52E cells.
Conclusion: In summary, renal proximal tubule epithelial cells responded to AGEs treatment by increasing NADPH oxidase-dependent superoxide production, subsequently causing cytosolic ERK activation that resulted in fibrotic pathogenesis. Regulation of redox reactions or modulation of ERK signaling cascades may be an alternative strategy for preventing diabetes-induced renal injury in the future.
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