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Abstract: The calcium-binding protein known as regucalcin (RGN/SMP30), which lacks the EF-hand motif in
its calcium-binding domain, was first identified in 1978. This calcium-binding protein with the potential to
control the activation of numerous Ca -dependent enzymes in liver cells was given the proposed name2+

regucalcin.  Then,  it  was  discovered  to  be  preferentially  expressed  in  the liver, kidney and other tissues.
The regucalcin gene is found on the X chromosome and numerous signaling factors regulate its expression.
In various cell types, regucalcin is important for controlling intracellular calcium homeostasis. Regucalcin
affects nuclear function, including deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) synthesis and has
a suppressive effect on a number of signaling routes from the cytoplasm to the nucleus in proliferating cells.
Regucalcin functions as a suppressor in the progression of several cancers in humans, including pancreatic,
breast, hepatocellular and lung cancers. Studies in rats indicated that this protein may also play a role in aging,
as it shows age-associated down-regulation. To determine the diagnostic, prognostic and therapeutic potential
of frailty biomarkers, regucalcin was suggested as a core gene (protein). Moreover, regucalcin was reported to
play a pathophysiological role in metabolic disorders. The expression of regucalcin is stimulated through the
action of insulin in liver cells in vitro and in vivo and it is decreased in the liver of rats with type I diabetes
induced by streptozotocin administration in vivo. This review will discuss the molecular function of regucalcin
and its involvement as a suppressor protein in cancer, aging, senescence, frailty and other chronic diseases.
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INTRODUCTION Senescence marker protein 30 (SMP30) is another name

Regucalcin (RGN): Yamaguchi (1978) was the first to of a gene cluster (Xp11.3-Xp11.23). Two transcript
isolate regucalcin (RGN), a calcium-binding protein with variants with different 5' UTRs encoding the same protein
a molecular weight of 33 kDa, from rat liver. It has been are produced as a result of alternative splicing [5].
demonstrated that calcium homeostasis, signal
transduction, nuclear gene expression, cell proliferation Expression Patterns in Healthy Tissues/Organs: The
and apoptosis are all regulated by regucalcin in a variety maintenance of intracellular calcium homeostasis and liver
of cells and tissues. Additionally, it possesses metabolism relies greatly on RGN. Numerous enzymes,
cytoprotective properties that lower intracellular oxidative including pyruvate kinase, succinate kinase, glycogen
stress levels [1, 2]. Regucalcin also has antioxidant and phosphorylase and adenosine, are influenced by RGN [6].
anti-inflammatory  properties [3]. This protein exhibits Along with other tissues, liver, renal cortex, heart and
age-associated down-regulation, which suggests that it brain, regucalcin has multiple functions in the control of
may also contribute to aging, according to studies in rats. cell functioning [6-10].

for RGN [4]. On chromosome X, this gene is a component
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The expression of the regucalcin gene can be increases the expression levels of p53 and Rb, tumor
increased by a number of transcriptional factors. Rat suppressor genes, as well as p21, a cell cycle inhibitor
hearts  were  found  to  produce  nuclear   factor  I-A1 while suppressing the expression levels of ras, c-jun and
(NFI-A1), a transcription factor and it was shown that c-myc, oncogenes, as a result of binding to nuclear DNA
NFI-A1 preferentially binds to the TTGGC pattern in the in vitro cloned H4-II-E rat hepatoma cells [17, 18].
regucalcin gene promoter region [11] and was shown to
specifically bind to the TTGGC motif in the regucalcin Relationships with Aging, Senescence, Frailty and
gene promoter region [11]. Rat heart expression of RGPR- Telomere Function: In cells from diverse types of tissues,
p117, a novel transcription factor that binds to the regucalcin  has  been shown to inhibit proliferation [19]
regucalcin gene promoter region was also discovered [12]. and apoptotic cell death [20]. Regucalcin can therefore be

The liver regulcalcin concentration was around 0.1 essential for maintaining cell homeostasis [16].
mM. The kidney also had a relatively higher level of Regucalcin, also known as senescence marker protein
regucalcin than the skeletal muscle, duodenum, testes, 30 (SMP30), is a novel class of Ca binding proteins that
lung, heart, spleen, cerebral cortex and hippocampus. lacks the EF-hand motif. The protein serves as a
Regulacalcin was also prominent in the liver and barely prominent aging marker that declines with age, as its
noticeable in the kidney in female rats. As a consequence, names indicate [4]. By improving the plasma membrane's
the liver was the only tissue where regucalcin was capacity to pump Ca , the protein controls the
specifically localized in rats. Rats' liver regucalcin homeostasis of intracellular calcium. They predicted the
concentration changed as they aged; it grew linearly in connection between SMP30 regulation and p53-mediated
the first five weeks after male rats were born before tumor suppression in a prior publication. High intracellular
progressively starting to decline [13]. calcium is caused by age-related downregulation of

The immunohistochemical investigation was initially SMP30 and is visible in senescent cells. Due to the fact
used to demonstrate that regucalcin was expressed in rat that SMP30 has previously been shown to stimulate p53
hearts [6]. Regucalcin is present in the cytoplasm but not induction [18], the age-mediated downregulation of
in the microsomes of rat heart cells and regucalcin mRNA SMP30 may partially limit p53-mediated Bax production
is expressed in the muscle of the rat heart [10, 14]. under high intracellular Ca , which would prevent
Regucalcin levels in heart muscle tissues were estimated apoptosis from being induced in response to any type of
to be about 3.86 ×10 M [10]. DNA damage [21].8

In a variety of tissues, regucalcin generally seems to Regucalcin also plays a pathophysiological role in
be a strong protective molecule against oxidative stress diabetes and hyperlipidemia. Insulin activity in liver cells
and chronic inflammation [15]. stimulates liver regucalcin gene expression, which is

Molecular Functions: Due to the activation of Ca  pump Overexpression of regucalcin causes hyperlipidemia in2+

enzymes in the plasma membrane (basolateral membrane), rats by revealing hepatic insulin resistance and reduced
microsomes (endoplasmic reticulum) and mitochondria of liver triglyceride, total cholesterol and glycogen content.
many cell types, regucalcin plays a crucial part in Regucalcin overexpression reduces the mRNA expression
maintaining intracellular Ca  homeostasis. Regucalcin of liver leptin and adiponectin. In mice, regucalcin2+

inhibits proliferating cells' ability to transmit Ca  signals deficiency causes reduced glucose tolerance and lipid2+

from the cytoplasm to the nucleus. Additionally, it has accumulation in the liver; in humans, it is linked to the
been demonstrated that the nuclear protein kinase, protein onset and progression of nonalcoholic fatty liver disease
phosphatase, deoxyribonucleic acid (DNA) and and fibrosis. Regucalcin might be a crucial component in
ribonucleic acid (RNA) synthesis are all inhibited by the the lipid metabolic disease linked to diabetes and obesity
regucalcin, which can be transported to the nucleus. [22].
Regucalcin has the ability to control the increased cell However, SMP30 expression is downregulated during
proliferation brought on by hormonal stimulation [16]. the aging process [21]; Its inhibitory effects have thus

It has been demonstrated that regucalcin plays a role been observed to decrease with age in rats [23].
in the regulation of cell nuclear function [17]. Importantly, Nevertheless, despite the high potential of SMP30, only
it has been shown that regucalcin overexpression one study on the impact of exercise on SMP30 in humans

2+-

2+

2+

decreased in model animals with type I diabetes.
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has been reported to date [24]. According to Pérez-Gómez regucalcin overexpression inhibited the development of
et al., whole-body vibration exercise for 12 weeks human pancreatic cancer MIA The PaCa-2 cells [31],
increased  postmenopausal  women's  SMP30 levels [24]. MDA-MB-231 breast cancer cells [35], liver cancer HepG2
It is important to understand whether different exercise cells [36], lung adenocarcinoma A549 cells [37], human
modalities influence SMP30 levels positively. It is colorectal carcinoma cells [38] and human renal cell
conceivable to speculate that the effects of exercise may carcinoma cells [39] in vitro. Regucalcin is important as a
be mediated by the activity of SMP30 given that physical novel biomarker in the detection of human cancer since it
exercise and SMP30 appear to have synergistic effects on may potentially suppress the development of
numerous markers of health and aging [25]. carcinogenesis in human subjects. Prolonged survival in

The involvement of regucalcin in aging and frailty patients with colorectal cancer is associated with higher
has been further confirmed by studies in transgenic regucalcin gene expression. These results lend credence
animals. SMP30 knockouts live shorter lives, have higher to the idea that regucalcin suppresses human cancer cells
pro-inflammatory marker levels and develop Parkinson's and that the downregulation of its gene expression results
disease and other age-related diseases at a higher rate in the initiation of carcinogenesis in a variety of human
[26]. Actually, vitamin C shortage causes decreased life organs. Regucalcin may therefore be a new target
spans and faster aging in SMP30 knockouts because molecule for the diagnosis and therapy of human cancer
regucalcin is essential for vitamin C production [27]. [39].
SMP30   overexpression,   however,   defends  against
age-related diseases [26, 28], a variety of insults brought Expression Patterns in Other Aging Diseases (Chronic
on by stress, apoptosis and cell growth [29, 30]. Diseases): RGN is also known as a senescence marker
Regucalcin levels drastically decrease with aging in protein since it expresses less as people age (SMP30).
tissues including heart, brain and prostate. These lower RGN also inhibits the expression of oncogenes, stimulates
levels then cause cell senescence, frailty, fibrosis and the expression of tumor suppressor genes and reduces
other damage in organs like liver, heart, kidney and brain. cell proliferation in hepatoma cell lines [40].
Regucalcin is decreased in conditions such as fibrotic RGN controls cell survival and apoptosis and has
tissue in cirrhotic livers, various kidney diseases and cytoprotective properties that lower intracellular levels of
heart  failure.  In  these  conditions, reduced regucalcin oxidative stress. RGN transcripts and protein levels are
may play a significant pathophysiological role by regulated by multiple factors, as well as cases of cancer,
impairing the activation of SOD (superoxide dismutase), neurological illnesses and reproductive disorders have
an enzyme that in a healthy state prevents cell death and been linked to altered expression patterns of this
apoptosis in the heart. Reduced regucalcin levels have interesting protein. Furthermore, RGN is a serum-secreted
also been linked to worse survival across a variety of protein whose levels have been linked to disease stages,
malignancies  (including  liver   and   pancreas  cancer) strongly indicating the potential utility of this protein as
[18, 31]. a biomarker to track the development and progression of

Expression Patterns in Cancer Diseases: Regucalcin The most common cause of end-stage renal disease
expression has been demonstrated to be decreased in and a major complication of diabetes mellitus is diabetic
vivo in tumor tissues from mammalian and human subjects nephropathy (DN). Early on, DN develops silently and
[32, 33]. Importantly, it has been demonstrated that without any clinical symptoms. It, therefore, calls for the
regucalcin gene expression is decreased in a variety of identification of new markers to aid in diagnosis and
human cancer tissues, suggesting that decreased outcome prediction. Zooming in on the locations of
regucalcin gene expression may promote the development pathophysiological alterations is possible with tissue
of cancer [34]. The survival was prolonged in patients proteomics. Exosomes extracted from urine show a
with pancreatic cancer [31], breast cancer [35], significant reduction in the expression of the regucalcin
hepatocellular carcinoma [36] and lung cancer [37] who protein in kidney tissue from DN. A novel technique that
had tumor tissues with higher regucalcin expression should be investigated for the early diagnosis and
compared to tumor tissues with lower regucalcin progression of the course of diabetic kidney disease is
expression. These results are supported by the fact that urinary exosomal regucalcin [41].

the disease [21]. 
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Fujita et al.  first  identified SMP 30 as a senescence interesting to note that miR-23c expression in prostate
marker, with expression decreasing by as much as 40% in cancer was discovered to be negatively regulated by
rat livers. Later research revealed that it was the same as FOXM1. In addition, 11 downstream RGN target genes
regucalcin, a protein that controls intracellular Ca were discovered. Importantly, RGN supported several2+

homeostasis. Because SMP-30 has a secondary impact on established indicators of tumor dormancy, including p38
vitamin C synthesis, its absence may also result in liver MAPK activation, a reduction in Erk signaling and
fibrosis. SMP30 has also been discovered to be inhibition of FOXM1 expression. Additionally, RGN
significantly diminished in old zebrafish livers, as well as significantly reduced angiogenesis by raising the
models of liver tumors and liver hepatectomy [42]. secretory level of miR-23c in exosomes. It's interesting to

Diagnosis  and  Prognosis  Values  in Cancer Diseases: discovered to be negatively regulated by FOXM1. In
It has been demonstrated that the overexpression of addition, discovered 11 downstream RGN target genes
regucalcin has inhibitory effects on the proliferation of that, on their own, indicated longer patient recurrence-free
human pancreatic cancer MIA cells PaCa-2 [31], MDA- survival. We found that FOXM1 and/or p38 MAPK
MB-231 breast cancer cells [35], liver cancer HepG2 cells controlled the expression of these genes. These results
[36], lung adenocarcinoma A549 cells [37] and colorectal point to a crucial role for RGN in the dormancy of prostate
cancer RKO cells [38] in vitro. These results support the cancer and the usefulness of RGN signaling and exosomal
idea that regucalcin suppresses human cancer cells and miR-23c as biomarkers for recurrence prediction. that, on
that downregulating its gene expression causes their own, indicated longer patient recurrence-free
carcinogenesis to occur in a variety of human organs. survival. FOXM1 and/or p38 MAPK were found to
Therefore, regucalcin may be a new target molecule for the control the expression of these genes. These results point
diagnosis and therapy of human cancer [39]. to a crucial role of RGN in the dormancy of prostate

Regucalcin plays a physiological and pathological cancer and the usefulness of RGN signaling and exosomal
role in cell regulation and metabolic disorder in the kidney miR-23c as biomarkers for recurrence prediction [44].
[43] and is expressed in proximal tubular epithelial cells of
the rat kidney [10]. It should be mentioned that human Possible Therapeutic Potential in Cancer: It has been
kidney  tumor  tissues have down-regulated regucalcin demonstrated that the suppression of regucalcin gene
gene expression and protein levels [34]. Regucalcin could expression is involved in carcinogenesis. Despite the
therefore be a new target molecule for the diagnosis and expression of other genes being up-regulated, regucalcin
therapy of renal cell cancer cells. gene expression was specifically down-regulated in rat

Before they progress locoregionally, or at distant liver carcinogenesis in vivo, suggesting that endogenous
sites as overt tumors, prostate cancers are known to be regucalcin suppresses the growth of
undetected or dormant for a long period of time. The hepatocarcinogenesis. Rat-cloned hepatoma cell
molecular basis of dormancy is not yet fully known, proliferation was discovered to be suppressed in vitro by
though. A previous study conducted a differential gene endogenous regucalcin overexpression. Furthermore, by
expression analysis and discovered a gene called analyzing numerous gene expression profiles and using
Regucalcin (RGN) that promotes the dormancy of prostate proteomics, it was explicitly shown that the regucalcin
cancer. Patients with cancer who had higher levels of RGN gene and its protein levels were down-regulated in human
expression had significantly longer overall and hepatocellular carcinoma. Despite the expression of other
recurrence-free survival. The ectopic RGN expression in genes being up-regulated, regucalcin gene expression was
prostate tumor cells caused dormancy in vivo, but RGN specifically down-regulated in rat liver carcinogenesis in
suppression caused the recurrence of tumor growth using vivo, suggesting that endogenous regucalcin suppresses
a doxycycline-inducible RGN expression system. On the the growth of hepatocarcinogenesis. Rat cloned hepatoma
other hand, silencing of RGN in LNCap cells endorsed its cell proliferation was discovered to be suppressed in vitro
growth in the tibia of mice. Importantly, RGN supported by endogenous regucalcin overexpression. Furthermore,
several established indicators of tumor dormancy, by analyzing numerous gene expression profiles and
including p38 MAPK activation, a reduction in Erk using proteomics, it was explicitly shown that the
signaling and inhibition of FOXM1 expression. regucalcin gene and its protein levels were down-
Additionally, RGN significantly reduced angiogenesis by regulated in human hepatocellular carcinoma. Regucalcin
raising the secretory level of miR-23c in exosomes. It's gene  expression was also discovered to be suppressed in

note that miR-23c expression in prostate cancer was
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