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DESCRIPTION

Renalase is a multi-functional secretory protein 
made by the kidney and other tissues. It was discovered 
as a renal secretory protein that mediates select 
disease features in chronic kidney disease. Renalase 
was subsequently found in other tissues and to possess 
prosurvival and anti-inflammatory effects demonstrated 
in murine models of acute pancreatitis1 and acute renal 
and heart injury. These injury studies determined the 
function of renalase by administering both a recombinant 
full-length protein and a whole-body renalase knockout 
in mice. By expressing different peptide domains of full-
length renalase, we subsequently found that renalase’s 
anti-inflammatory and prosurvival activity was contained 
in a 20 aa renalase peptide (aa 220-239 from human 
renalase isoform) conserved in all known isoforms and 
termed RP220 [1]. When added extracellularly, this 
renalase peptide binds its effector, the Plasma Membrane 
Calcium ATPase (PMCA4b) [2,3]. In all cell types reported 
to date, including healthy and cancer cells, extracellular 
renalase PMCA4b for its biological effects. PMAC4b has 
an intracellular site that can bind intracellular proteins 
with a PDZ domain. This gives PMCA4b the potential to 
interact with the PDZ domain-containing proteins linked 
to multiple signaling pathways. 

In this context, renalase stimulation of PMCA4b 
activates ERK, AKT, and STAT3 signals and can also 
enhance calcium efflux from pancreatic acinar and 

HEK cells [4]. These studies suggest a critical role for 
extracellular renalase acting as a cytokine that might 
signal through multiple potential pathways depending on 
which are available to couple to PMAC4b. Renalase likely 
has an additional intracellular role that depends on the 
molecule’s enzymatic domain. Renalase has potential 
metabolic effects related to a region of the molecule 
separate from the RP220 site. When discovered, potential 
NAD/NAPDH-binding and separate FAD binding sites were 
identified in renalase. In tissues from a renalase knockout 
mouse, the ratio of NAD+/NADH levels and NADH oxidase 
levels were significantly decreased [5]. Such renalase-
dependent     changes,   if    persistent,   could    lead   to 
increased reactive oxygenspecies and reduced mito-
chondrial function, as summarized

arized

 (see Figure 1  and ur
e

1
 and

[6]
). 

Unpublished work from our laboratory suggests that 
deficient intracellular renalase may cause 
mitochondrial dysfunction with direct and indirect 
effects on mitochondrial function. Renalase’s 
potential to enhance the survival of neoplastic cells was 
explored in pancreatic cancer using cellular and animal 
models. It drives pancreatic cancer growth in cellular and 
in vivo  systems [7]. Further, renalase levels were 
found to be increased in select cancers [7]. Since the 
hypoxia-inducible factor-1 can induce renalase 
expression, its elevation in cancers was not surprising 
[8]. 

When tissue levels of renalase were quantified by 
immunohistochemistry or mRNA expression, we found 
an inverse relationship between the levels of pancreatic 
cancer and patient survival. Inhibition of renalase with a 
monoclonal antibody directed to the RP220 site reduced 
the growth of cultured human pancreatic cancer cells and 
tumor growth in an in vivo  murine model of pancreatic 
cancer [7]. Renalase had similar effects in human 
melanoma, a murine melanoma model, and colon cancer 
[9]. These studies suggested that increased production 
of renalase by some cancers could drive their growth 
and shorten patient survival. It also raised the possibility 
that inhibiting renalase activity might be an attractive 
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Though important questions remain, these 
observations support the notion that inhibition of 
renalase might be an attractive therapeutic option [Figure 
2]. Successful treatment of unresected cancer with an 
inhibitory antibody or another renalase inhibitor would 
be complex because of the cancer’s dense extracellular 
matrix. However, such approaches might be effective as 
adjuvant therapy after resection or for the early treatment 
of a recurrence.
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approach for treating select cancers. 
Our most recent study of renalase in pancreatic 

cancer has made two additional critical observations 
[10]. First, tissue renalase levels appear to be increased 
in the pancreatic tissues of premalignant diseases. These 
included chronic pancreatitis, PanIN, IPMN, and mucinous 
cystic neoplasms. Of note, tissue renalase increases 
in chronic pancreatitis unassociated with pancreatic 
cancer appeared to be much less than when not cancer-
associated. These findings suggest that increased tissue 
renalase levels may have a role in promoting precancerous 
pancreatic lesions. 

Second, plasma levels of a distinct form of renalase 
were found to be a biomarker for the cancer stage and 
correlated inversely with patient survival. Plasma 
renalase levels had significant predictive value for 
survival; plasma CA19-9 levels did not predict survival. 
Plasma renalase levels also predicted who will undergo 
resection for those with locally advanced pancreatic 
cancer. These observations suggest that plasma renalase 
levels could help predict pancreatic cancer survival or 
resectability but need confirmation in a large prospective 
cohort. Further, whether the plasma renalase comes from 
the cancer tissues or represents a systemic reaction to 
the cancer is unknown. 

How renalase might drive the growth of pancreatic 
cancer and other neoplasms is unknown, but our 
experimental studies suggest that more than one 
mechanism may be active. Figure 2 summarizes some 
of the mechanisms that could drive cancer growth, 
including: 

a) Direct effects on cancer cells of renalase from local 
sources (e.g., cancer cells, macrophages) or by renalase 
delivered from circulation [9], 

b) Indirectly by suppressing CD8-T-cell mediated local 
cancer immunity [11,12], 

c) Changing cancer cell metabolism.

 Renalase from multiple sources, including mac-
rophages and cancer cells themselves, can increase cancer 
growth. Though the mechanisms are unknown, cancer 
cells increase tumor macrophage renalase production and 
renalase can suppress anti-tumor CD8 T-cells activation.

 
Wild-type (WT) mice were compared to a global renalase 
Knockout (KO). a) Relative levels of NAD to NADH; b) ATP 
content (nM) in cardiac tissue homoge-nates (normalized 
to protein content). Note: ( ): WT; ( ): KO; (*) Indicates 
p<0.05.
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Figure 2.

Figure 1. Renalase-dependent energy metabolism. 
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