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Abstract

The year 2015 has seen great progress in the renal fibrosis field, as key studies began to build a 

consensus on the importance of epithelial-to-mesenchymal transition, cell cycle arrest, and 

defective metabolism in the pathogenesis of kidney fibrosis. New findings also point to a role of 

developmental signalling in renal fibrogenesis.

Renal fibrosis is an important topic that attracts broad interest in nephrology owing to its 

status as a hallmark and common outcome across all kinds of progressive chronic kidney 

disease (CKD). The year 2015 saw much progress in the renal fibrosis field, with major 

breakthroughs and new findings markedly advancing our understanding of the fibrogenic 

process. These studies have laid strong foundations for the future development of novel 

treatments for fibrotic CKD. For the first time in more than a decade, scientists in the field 

have begun to build a consensus on several key issues such as the importance of partial 

epithelial-to-mesenchymal transition (EMT), cell cycle arrest, and defective cellular 

metabolism in the development and progression of kidney fibrosis.

The process of renal fibrosis is characterized by an excessive deposition of extracellular 

matrix in the interstitial compartment, leading to scar formation. An activated form of 

interstitial fibroblast — the α-smooth muscle actin-positive myofibroblast — is widely 

recognized as the major type of matrix- producing cell in the fibrotic kidney. However, 

tubular epithelial cells, which are the main constituent of renal parenchyma, often localize at 

the epicentre of damage and are especially vulnerable to damage after kidney injury. In this 

context, a key question is how tubular injury drives fibroblast activation and matrix 

overproduction. One hypothesis is that kidney tubular cells undergo EMT after injury, a 

phenotypic conversion programme that is characterized by the loss of epithelial markers and 

gain of mesenchymal features. Such a notion, however, has been intensely contested as 
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studies using genetic cell lineage tracing could not find evidence of a direct contribution of 

epithelial cells to the myofibroblast population in the fibrotic kidney1, instigating a 

controversy over the relative contribution of EMT to fibroblast activation that has lasted 

several years.

In 2015, two back-to-back studies addressed this dispute and offered new insights into the 

potential role of tubular EMT in the development and progression of renal fibrosis2,3. These 

studies tackled the issue by generating genetically modified mice, in which Snail or Twist, 

two key transcription factors that regulate the EMT programme, were ablated specifically in 

tubules. As a result, the EMT programme is specifically inhibited in the renal tubular 

epithelium in vivo. Both studies demonstrated that inhibition of the EMT programme by 

conditional deletion of Snai1 or Twist1 in tubular epithelial cells reduced interstitial fibrosis 

in numerous CKD models, including unilateral ureteral obstruction, nephrotoxic serum-

induced nephritis, and folic acid-induced nephropathy. Not surprisingly, inhibition of an 

EMT programme in the kidney also led to preservation of tubular cell integrity and function, 

restoration of tubular repair and regeneration, and a reduction in myofibroblast 

accumulation, suggesting that the EMT programme is crucial and required for initiating 

tubular dysfunction and driving fibrosis development after various insults.

The mechanism of EMT involvement in renal fibrosis revealed by these studies is 

particularly intriguing. Both studies found that tubular epithelial cells only undergo a partial 

EMT during renal fibrosis — the cells express markers of both epithelial and mesenchymal 

cells and remain associated with their basement membrane. In this respect, these 

observations are in harmony with earlier genetic cell linage tracing studies1, and 

demonstrate that a complete phenotypic conversion of tubular epithelial cells to a 

myofibroblast phenotype is extremely rare, if occurring at all. Nevertheless, this partial EMT 

is sufficient to induce tubular function impairment, triggering cell cycle arrest and promoting 

the release of critical fibrogenic cytokines. Lovisa et al. further demonstrated that one of the 

functional consequences of partial EMT is the induction of arrest in the G2 phase of the cell 

cycle, which compromises the potential of tubular epithelial cells to repair and regenerate3. 

As cell cycle arrest has been postulated as a mechanistic pathway that leads to kidney 

fibrosis, the linkage of EMT to cell cycle arrest is especially appealing, as it helps to form a 

consensus on our understanding of the mechanism of renal fibrosis.

Damage to the tubular epithelium might induce renal fibrosis via other mechanisms as well. 

In 2015, a landmark study used a genome-wide transcriptome approach to demonstrate that 

defects in fatty acid metabolism in tubular epithelial cells have a crucial role in the 

pathogenesis of kidney fibrosis4. This metabolic reprogramming is characterized by the 

decreased expression of key enzymes and regulators of fatty acid oxidation (FAO) and 

increased intracellular lipid deposition4. As FAO is the preferred energy source for kidney 

proximal tubular epithelial cells, a reduction in FAO would affect lipid metabolism by 

disrupting the balance between fatty acid synthesis, uptake, and consumption, leading to 

dysregulated intracellular lipid accumulation. Inhibition of FAO in tubular epithelial cells in 
vitro indeed causes ATP depletion, cell death, dedifferentiation, and intracellular lipid 

deposition4. Conversely, restoring fatty acid metabolism by genetic or pharmacologic 
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approaches protects against renal fibrosis, suggesting that stimulation of metabolic pathways 

could be a novel strategy for preventing and treating fibrotic CKD.

Kang et al. also investigated the mechanisms behind the depressed metabolic pathways in 

fibrotic kidney disease4. Transforming growth factor β1 (TGF-β1), the most potent 

profibrotic cytokine, inhibits the expression of carnitine palmitoyltransferase 1 (CPT1), the 

rate-limiting enzyme in FAO, and thereby decreases fatty acid metabolism. Furthermore, 

TGF-β1 also represses mRNA expression of upstream regulators of CPT1 that encode the 

peroxisome proliferator- activated receptor-α (PPARα) and PPARγ coactivator-1α 

(PGC-1α). A separate study in 2015 also showed that inhibition of microRNA-21 (miR-21) 

enhances mitochondrial function, reduces production of reactive oxygen species, preserves 

tubular integrity, and attenuates renal fibrosis5. Therefore, miR-21, a downstream target of 

TGF-β1 signalling, contributes to kidney fibrosis by silencing metabolic pathways.

One common outcome of partial EMT, cell cycle arrest, and depressed metabolism 

following kidney injury is the conversion of tubular cells to a pathologic secretory 

phenotype. Our understanding of the secretome by injured tubular epithelial cells continued 

to advance in 2015. Emerging evidence suggests that injured tubular cells produce and 

secrete the ligands of key developmental signalling pathways, such as Wnts and sonic 

hedgehog (Shh)6. Tubule-derived Shh mediates epithelial–mesenchymal communication by 

selectively targeting interstitial fibroblasts in a paracrine manner, and induces fibroblast 

proliferation and myofibroblastic activation, leading to kidney fibrogenesis6. An interesting 

study in 2015 showed that hedgehog-responding Gli1+ cells possess features of 

mesenchymal stem cells in vitro, and proliferate and expand following kidney injury7. 

Genetic ablation of these cells substantially ameliorates kidney fibrosis. Consistent with 

these findings, pharmacologic inhibition of Shh/Gli signalling reduces the size of the 

myofibroblast population and inhibits fibrosis after injury6,8.

Wnt ligands are induced in many cell types of the injured kidney and can target both 

interstitial fibroblasts and tubular epithelial cells via autocrine or paracrine mechanisms. 

Similar to Shh, Wnts induce fibroblast proliferation and myofibroblastic activation, leading 

to matrix overproduction and the development of fibrosis9. In 2015, we showed that multiple 

genes of the renin–angiotensin system are direct targets of Wnt/β-catenin signalling in 

tubular epithelial cells10. These studies provide a novel mechanistic link between Wnt 

upregulation and activation of the intrarenal renin–angiotensin system, hypertension, and 

kidney fibrosis.

In summary, important studies published in 2015 highlight a central role for varying tubular 

responses such as partial EMT, cell cycle arrest, and defective metabolism in driving renal 

fibrosis (FIG. 1). Intriguingly, these tubular responses eventually converge on the acquisition 

of a secretory phenotype in tubular epithelial cells, leading to the release of pathological 

mediators that sustain fibroblast activation and inflammation. In our opinion, advances in 

understanding the pathogenesis of renal fibrosis in 2015 will be memorable, and should 

inspire more intensive studies for many years to come.
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Key advances

• Renal tubular epithelial cells undergo a partial epithelial-to-mesenchymal 

transition after injury, which impairs tubular repair and regeneration, induces 

cell cycle arrest, and drives interstitial fibroblast activation2,3

• Kidney fibrosis is associated with defective cellular metabolism and 

mitochondrial dysfunction in renal tubular epithelial cells; approaches to restore 

fatty acid metabolism or stimulate metabolic pathways might represent new 

therapeutic strategies to combat fibrotic kidney disease4,5

• Activation of key developmental pathways such as Wnt and hedgehog signalling 

after injury has a critical role in triggering fibroblast proliferation, as well as in 

activating the intrarenal renin–angiotensin system8–10
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Figure 1. Studies have highlighted important roles for varying tubular responses such as partial 
epithelial-to-mesenchymal transition (EMT), cell cycle arrest and defective metabolism in 
driving renal fibrosis
ECM, extracellular matrix; FA, fatty acid; FAO, fatty acid oxidation; TEC, tubular epithelial 

cell. Adapted from Nature Publishing Group © Ovadya, Y. & Krizhanovsky, V. Nat. Med. 

21, 975–977 (2015).
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