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Life expectancy has improved considerably over the past decade and consequently the aging population
continues to increase. As one ages, kidney function decreases, as evidenced by the decline in the

of

glomerular filtration rate (GFR), due to nephron loss. The loss of podocytes, the post-mitotic cells that

ro

line the outermost surface of the glomerulus, is thought to be a contributor to this process. An unmet need

-p

exists to understand the molecular mechanism of podocyte aging and develop therapeutic interventions to

re

delay the process of age-related declines in kidney function.
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In a recent issue of JCI, Pippin et al identified the importance of podocyte associated PD-1 signaling in

na

aging-related changes in the kidney and the therapeutic potential of interfering with PD-1 signaling.1 PD-

ur

1 (programmed cell death protein) and its ligands, PD-L1 and PD-L2 represent one of the immune

Jo

checkpoints that prevent autoimmunity. The activation of PD-1/PD-L1 signaling is utilized by many
malignant cells to evade detection by T cells.2 This has led to development of immune checkpoint
inhibitors for PD-1 or PD-L1, that restore T cell recognition to detect tumor cells, and are widely used in
cancer therapy. While PD-1 signaling has been extensively studied in cancer research, little is known
about its role in non tumor cells, such as the podocyte.
What Does This Important Study Show?
Pippin et al demonstrate that PD-1 may play a vital role in age-related kidney disorders.1, 3 They first
identified podocyte associated PD-1 upregulation in aged mice using unbiased RNA-seq analysis and
observed a positive correlation between PD-1 pathway expression and the decline of kidney function. By
blocking PD-1/PD-L1 signaling using an antibody directed against PD-1 (aPD1ab), the authors show that
2

podocyte senescence and the inflammatory phenotype improved, resulting in an enhancement of podocyte
life span. Moreover, the authors performed transcriptome profiling of aPD1ab-treated mice and elucidated
that the primary effects of interfering with PD-1 signaling was the restoration of the podocyte metabolic
profile (i.e. oxidative phosphorylation, amino acid, fatty acid and glucose metabolism).
This study demonstrates in a very elegant manner that aged podocytes exhibit authentic features of
senescence including SA-β-galactosidase activity,4 altered metabolism,5 and positive immunoreactivity
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for p16 and p19.6, 7 The hallmark of senescent cells is the secretion of proinflammatory cytokines, growth

ro

factors and matrix metalloproteases, a phenomenon known as the senescence-associated secretory
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phenotype (SASP).8 The SASP plays an essential role in reinforcing senescence in an autocrine and

re

paracrine fashion and stimulates the recruitment of the immune system to eliminate damaged cells.8, 9
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Interestingly, in this investigation aged podocytes used PD-1/PD-L1 expression that is also used by cancer

na

cells to evade being detected by T-cells.
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One interpretation of these captivating results is that podocytes may use the PD-1 mechanism to facilitate
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their surveillance and avoid being cleared by the immune system, since as post-mitotic cells, podocytes
cannot be replaced by new cells, thus their loss would be detrimental.10 The renoprotection by aPD1ab
may be due to senescent podocytes being unable to escape the immune system and thus being eliminated.
The fact that injured podocytes can damage healthy podocytes and other glomerular cells has been
hypothesized.11 In the absence of senescent podocyte, there is no longer SASP that potentially affects the
neighboring cells, resulting in a better glomerular health [Figure 1]. Furthermore, the elimination of
senescent podocytes with aPD1ab can explain the improvement of the podocyte metabolic profile.
Interestingly, a similar mechanism may occur in the liver, where senescent hepatocytes also benefit from
the inhibition of PD-1 activity as the authors observed. In addition, cellular senescence of hepatocytes has
been reported to be involved in several liver diseases.12

3

Additional investigation utilizing a podocyte specific conditional knockout of PD-1 would further validate
these findings and its role in the aged kidney. Since there is a lack of PD-1 expression in the young
glomerulus, a phenotype in the PD-1 KO model at early life stages would not be expected. However, as
the mice ages, loss of PD-1 in podocytes may prolong kidney health by preventing podocyte induced
injury. Further studies that elucidate the role of PD-1 in cellular senescence will be highly valuable.
How Does This Study Compare with Prior Studies?
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With an aging population that continues to increase, it is not surprising that over the past five years, the

ro

notion of podocyte senescence has become an increasing focus of research. Podocyte senescence has
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emerged as a new mechanism that may lead to podocyte loss and a decline kidney function; therefore,
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several investigations have attempted to elucidate its mechanism. Some studies have identified the
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downregulation of ‘protective’ genes in the aged podocytes. Lee and colleagues observed a reduction of

na

sirtuin 1 (Sirt1) in podocytes of aging mice.13 Sirt1, a longevity gene, was shown to protect podocytes
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from oxidative stress, inflammation, and regulate the activity of many transcriptional factors. In a similar
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manner, Zhang et al demonstrated the protective role of C/EBPα, a member a family of transcription
factors of C/EBPs that regulate energy metabolism, inflammation, and autoimmunity in podocytes.
Moreover, the loss of C/EBPα in podocytes resulted in glomerulosclerosis.14
Pippin et al correlated podocyte-specific PD-1 upregulation with the aged phenotype, while Fang et al
demonstrated that glycogen synthase kinase 3β (GSK3β) is also overexpressed in senescent podocytes
resulting in a functional and histological decline observed with aging.15 The authors identified the
importance of GSK3β, a major molecular target of lithium which has been shown to delay aging and
increase longevity.
Furthermore, GSK3β has also been identified as a key upstream kinase that regulates PD-1 expression and
that the inhibition of GSK3β in vivo blocked PD-1 expression.16 These findings together further suggest
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that GSK3β and PD-1 may modulate podocyte senescence through a similar pathway. Moreover, the fact
that the genes identified as being down or up-regulated in the aged podocytes play a role in podocyte
metabolism and inflammation, suggest that podocyte senescence signaling may occur through a similar
cellular processes.
What Are the Implications for Nephrologists?
The study by Pippin et al demonstrated that pharmacological antagonism of the PD-1 pathway has major
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benefits on podocyte lifespan and kidney histology. Yet, adverse renal effects have been shown by onco-

18

The mechanisms underlying the kidney
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acute kidney injury and acute interstitial nephritis.17,

ro

nephrologists when using immune checkpoint inhibitors in cancer therapy including glomerular damage,

re

complications are believed to be related to T-cell activation and infiltration in the kidney. Perhaps, targeted
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therapies capable of blocking PD-1 specifically in podocytes in the future may be needed. Furthermore,

na

the essence of mouse models may not necessarily mean that blocking PD-1 will have a clinical role in

ur

patients but opens new and exciting discoveries about the role of immune checkpoints in podocyte-aging.
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Hopefully this study will motive further investigations to elucidate the role of the immune system in aging,
the mechanism of podocyte senescence, or the identification of the SASP molecules that are responsible
for glomerular damage.
In sum, the beauty of these discoveries also lies in the fact that the authors demonstrated that PD-1
signaling is not only involved in the podocyte aging, but also in diseases such as focal segmental
glomerulosclerosis (FSGS). Accordingly, blocking PD-1 activity improved the outcome of FSGS in
murine models. These findings suggest that what we learn from podocyte aging may also have
implications for other glomerular diseases including collapsing glomerulopathy, minimal change disease
and diabetic glomerulopathy, opening a new field of study in podocytes for investigators worldwide.
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Figure 1- PD-1 expression and inhibition in podocyte senescence. (A) Senescent podocytes express PD1 and affect surrounding cells through the senescence-associated secretory phenotype (SASP). Podocytes
may express PD-1 to evade detection by immune cells. (B) An antibody directed against PD-1 (aPD1ab)
allows senescent podocytes to be recognized by the immune system and be cleared. In the absence of
senescent podocytes, there is no longer SASP that affect other glomerular cells. GBM, glomerular
basement membrane
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