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Editorial on the Research Topic
 Pathogenic aspects of the innate immune system of the kidney




The innate immune system serves as an important biological defense system against various pathogens within hosts. However, under certain conditions, it can pose a pathogenic threat to the host itself. The kidney is one of the targets of such attack by components of the innate immune system. Several components, including monocyte/macrophages (Mφ), polymorphonuclear leukocytes, and NK/NKT cells, have been implicated in the development of both acute kidney injury (AKI) (1) and chronic kidney diseases (CKD) of various causes, such as diabetic kidney disease (DKD) (2), acute/chronic glomerulonephritis, tubulointerstitial nephritis, renal vasculitis (3), thrombotic microangiopathy (TMA), and kidney transplant rejection (4).

Recent advances in the field of molecular targeted therapy have facilitated the development of novel therapeutic options tailored to the specific pathogenic targets of diseases. Considering the nature of the innate immune system, its role would be in the early phase of the disease process. Recognizing that targeting the earlier phases of a disease is more effective than later disease stages, understanding the pathogenic aspects of the innate immune system as a therapeutic target for kidney injury becomes paramount.

In this Research Topic entitled “Pathogenic Aspects of the Innate Immune System of the Kidney,” we published three original research articles and one review article, all of which focus on the roles of innate immune cells in various kidney injuries.

First, all three original articles are related to the roles of Mφ in various renal diseases. Mφ is one of the major phagocytic cell components of innate immune system with versatile functions (5). It is divided into tissue-resident Mφ (F4/80highCD11blow in mice) and infiltrating Mφ (F4/80lowCD11bhigh in mice), and pro-inflammatory M1 Mφ and anti-inflammatory/tissue repair M2 Mφ. Roles of various Mφ in the damage to the kidney are summarized in Figure 1.


[image: Figure 1]
FIGURE 1
 Macrophage populations in the kidney: In the kidney, two macrophage populations exist; one is F4/80 high, and the other is low. Like other organ's macrophage populations, such as liver Kupffer cells and pulmonary alveolar macrophages, F4/80 high cells are tissue-resident, and F4/80 low cells are monocyte-derived populations. Both macrophages express M1 marker CD80 and M2 marker CD206. The balance between these antigens defines their function, i.e., proinflammatory or tissue repair. The dynamics of these macrophage populations in experimental models are crucial for understanding the pathological mechanisms.


Based on the previous findings on the association of the coagulation process with organ fibrosis (6), Oh et al. evaluated the expression of coagulation factors on Mφ in renal tissues with ischemia–reperfusion injury at acute (AKI) and chronic phases (CKD, fibrosis) in mice. Interestingly, they found increased production of key coagulation factors both by infiltrating and resident renal Mφ, suggesting the novel mechanism of renal fibrosis through fibrinogenesis induced by upregulated production of coagulation factors by renal Mφ and subsequent matrix deposition. Thus, anti-coagulation therapy might be the therapeutic option for renal fibrosis.

It is well known that AKI is more severe in the elderly and has a higher rate of transition to CKD (7, 8). Furthermore, age-related changes in the gut environment have reportedly been associated with age-related diseases through the exacerbation of chronic inflammation (9). Therefore, Kim et al. compared renal and gut histology in aged and young mice with bilateral renal ischemia–reperfusion injury. Their experiment revealed that AKI in aged mice induced gut dysbiosis, which prolonged intestinal and renal inflammation with immune cell infiltration such as Mφ, neutrophils, and Th17 cells, leading to additional fibrosis progression in the kidney. Based on these results, they suggested that the gut–kidney axis may be an important mechanism of AKI exacerbation in the elderly and may be a novel therapeutic target for aging-related renal disease.

Meanwhile, Sadaka et al. analyzed the exacerbation mechanism of cystic growth in ADPKD using a mouse model with a conditional genetic deletion of pkd1 (10). In this model, they observed accelerated cystogenesis in response to chronic dietary protein overload, consistent with a previous finding (11). Through precise histological analysis of this model subjected to a high protein diet, they identified increased glutamine delivery and alternative energy production during the early disease phase, without Mφ infiltration, with inflammation with Mφ infiltration developing in the later disease phase, resulting in accelerated cystogenesis. The authors confirmed involvement of this mechanism by showing that accelerated cyst growth induced by chronic high protein diet could be attenuated by liposomal clodronate-mediated Mφ depletion in this model.

In the only review article within this Research Topic, Goto et al. explore the roles of innate immune system cells in heatstroke-induced AKI (12, 13). Heat stress can induce renal tubular damage directly or indirectly through inflammatory immune responses leading to AKI. Recent observations have revealed that heatstroke-induced AKI is not a temporary condition but progresses to CKD (14, 15). Therefore, the authors comprehensively summarized the important roles of cell components of the innate immune system, such as neutrophils, Mφ, lymphocytes (NK, NKT cells, cytotoxic CD8+ cells), and mast cells on disease process of heatstroke-induced AKI and AKI to CKD transition. Further studies are required to uncover the complex interactions among these various innate immune cells in each disease process.

Knowledge in this area is expanding, and continued advancement is expected.
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