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Effect of hypoxia on collagen Iα2 (COLIA2) gene expression in human fibroblasts
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Introduction and Aims:  Progression of chronic kidney disease ultimately leads to end-stage renal failure, a condition associated with high mortality and disability. Chronic renal failure (CRF) is characterised by accumulation of interstitial matrix (fibrosis), which is predominantly collagen type 1. Collagen 1 is a heterotrimeric molecule composed of α1 (COL1A1) and α2 (COL1A2) chains encoded by separate genes, and synthesized by fibroblasts the main matrix producing cells in the tubulo-interstitium. Since microvascular loss is a common histological feature of CRF of diverse aetiologies, it has been suggested that hypoxia drives this through a self-perpetuating process by increasing production of collagen which further compromises blood flow. COL1A2 represents a useful model to study with multiple nuclear proteins targeted on its promoter by the signal transduction pathways of pro-fibrotic and anti-fibrotic cytokines. The far upstream sequence directs spatio-temporal gene expression, with evidence to suggest the presence of a kidney specific element with in this sequence. The effect of hypoxia on COL1A2 regulation has not previously been examined. This study investigates the effect of altering oxygen concentration on expression of COLIA2 and specific regions of its regulatory sequence, in human fibroblasts from the kidney and another organ. 

Methods: Human renal fibroblasts and human lung fibroblasts in culture were exposed to 1% oxygen for time courses of up to 48 hours, with control cells maintained in normoxia. Quantitation of mRNA expression was performed using real-time polymerase chain reaction. To investigate potential regions of importance in the transcriptional regulation of COLIA2 to low oxygen, proximal promoter and specific far upstream sequences were studied via a series of transient cell transfection experiments in fibroblasts. Transfected cells were exposed to 1% oxygen for 48 hours, and reporter gene activity assayed. All experiments were performed in triplicate. Two-tailed Student’s t test was applied for statistical analysis of data, significance level set at p≤0.05. 

Results:  Fibroblast response to hypoxia was demonstrated through upregulation of VEGF, a target gene of hypoxia inducible factor (HIF). 11 fold and 3 fold increases in expression were observed in renal and lung fibroblasts respectively, compared with normoxic control cells. Hypoxia stimulated native COLIA2 expression in both renal and lung fibroblasts, greatest after 48 hours exposure. Increases of 2.8 fold (SEM ±0.42, p=0.0558) and a 1.6 fold (±0.086, p=0.0076) were induced in renal and lung fibroblasts respectively. Transient transfection experiments demonstrated significant rises in reporter gene expression in cells transfected with a construct containing a 330 base pair region lying at the 3’ end of the COL1A2 far upstream sequence (termed G8). A 1.9 fold (p=0.0002) upregulation in LacZ activity of construct G8 was induced in lung fibroblasts, supporting our previous similar findings in human renal fibroblasts (unpublished data). Constructs containing the COLIA2 proximal promoter alone were not capable not of driving increased reporter gene expression in hypoxia. 

Discussion: These in vitro experiments are the first to identify that hypoxia induces COL1A2 expression in human fibroblasts. Since collagen I production is largely regulated at a transcriptional level, this finding could be of potential importance. Furthermore, a statistically significant increase in G8 activity is induced in human lung and renal fibroblasts exposed to hypoxia. Our findings also show that there is a hypoxia responsive DNA sequence within the 330 bp G8 sequence.  This may be of particular relevance to renal fibrogenesis given previous work identifying a kidney specific element within the COLIA2 far upstream sequence, and warrants further investigation. Elucidating the molecular mechanisms that control transcriptional response of COLIA2 in hypoxia may give valuable insights into pathways that govern matrix accumulation in kidney fibrosis, and so lead to the development of new therapeutic strategies.











