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Abstract
Regucalcin, which was initially discovered in 1978 as a calcium-binding
protein, plays a multifunctional role as a suppressor in signal transduction in
various types of cell and tissues. The regucalcin gene (rgn) is localized on the
X chromosome. Regucalcin is shown to suppress various protein kinases and
protein phosphatases activities, protein synthesis, and nuclear deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA) synthesis in liver cells. Overexpression of
endogenous regucalcin reveals suppressive effects on proliferation in the modeled
rat hepatoma H4-II-E cells independently on apoptosis in vitro. Regucalcin mRNA
expression is uniquely downregulated in the development of carcinogenesis
in the liver of rats in vivo. Regucalcin mRNA and protein expressions were also
found to depress in human hepatoma HepG2 cells and hepatoma tissues. The
depression of regucalcin gene expression was associated with progression
of hepatocarcinogenesis. This review will discuss the role of regucalcin as a
suppressor protein in hepatocarcinogenesis.
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Introduction
Regucalcin was initially discovered in 1978 as a calcium-binding
protein [1-4]. The name, regucalcin, was proposed for this calciumbinding protein, which suppresses the activity of various enzymes that
are activated by Ca2+ or Ca2+/calmodulin [2,3]. The regucalcin gene
(rgn) is localized on the X chromosome in consisting of seven exons
and six introns [5-7]. Regucalcin and its gene are identified in over 15
species consisting of regucalcin family, and the gene species are highly
conserved in vertebrate species [8]. The regucalcin gene expression
is regulated through various transcription factors (including AP-1,
NF1-A1, RGPR-p117, β-catenin, SP1, and others) [8].
Regucalcin has been demonstrated to play a multifunctional role
in cell regulation in various types of cells and tissues [9-16]; regucalcin
plays a pivotal role in maintaining of intracellular calcium homeostasis
and suppression of nuclear protein kinase and protein phosphatase
activities, Ca2+-activated DNA fragmentation, and DNA and RNA
synthesis. Regucalcin suppresses protein synthesis at translational
process [9,10]. Regucalcin has been proposed to play a pivotal role as
a suppressor protein in various signal transductions to maintain cell
homeostasis for various stimuli [9].
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Review Article
There is growing evidence that endogenous regucalcin plays a
role as a suppressor protein in cell proliferation, which is mediated
through various signaling stimulations, in the cloned normal rat
kidney proximal tubular epithelial NRK52E cells and the cloned rat
hepatoma H4-II-E cells in vitro [10,12]. Regucalcin mRNA and protein
expressions have been shown to suppress in human hepatoma HepG2
cells and hepatoma tissues. Depression of regucalcin gene expression is
associated with progression of carcinogens. Suppression of regucalcin
gene expression may lead to the promotion of cell proliferation and
carcinogenesis. This review will discuss the role of regucalcin as a
suppressor protein in the development of hepatocarcinogenesis in
animal models and human tumor tissues.

Hepatocellular Carcinoma
Hepatocellular carcinoma (HCC), the most common primary liver
cancer, is one of the most prevalent malignant diseases worldwide,
and the third most common causes of cancer-related death [17-19].
Globally, there are approximately 750,000 new cases of HCC reported
per year. Features of HCC are an aggressive cancer with a dismal
outcome largely due to metastasis and postsurgical recurrence. HCC
originates on a background of cirrhosis, a chronic and diffuse hepatic
disease that results from continuous liver injury and regeneration [19].
Cirrhosis is present in approximately 80%-90% of HCC patients and
constitutes the largest single risk factor. In cirrhotic liver, changes in fat
metabolism associated with the activation of adipocyte-like pathways
are thought to be involved in neoplastic transformation [19]. Increased
hepatocyte turnover, inflammation, and oxidative DNA damage is
implicated in the pathogenesis of the liver disease including obesity,
Type 2 diabetes, insulin resistant and nonalcoholic fatty liver disease.
Hepatocarcinogenesis is a multistep process initiated by external
stimuli that lead to genetic changes in hepatocytes or stem cells,
resulting in proliferation, apoptosis, dysplasia and neoplasia.
The prevalent risk factors for HCC are also the cause of liver
cirrhosis and include viral infections (hepatitis B and C) and alcohol
consumption; further risk factors include tobacco smoking, exposure
to aflatoxin B1 and vinyl chloride, diabetes, and genetic disorders,
such as hemochromatosis and alpha-1 antitrypsin deficiency [20-24].
The majority of HCC cases are also related to chronic viral infections.
Hepatitis B virus (HBV) DNA integrates into the host genome,
inducing chromosome instability and insertional mutations that may
activate various oncogenes, such as cyclin A [25-28]. Viral proteins, in
particular X protein (HBx), act as transactivators to upregulate several
oncogenes (such as c-myc and c-jun) and transcriptional factors (such
as nuclear factor-κB) [13-15]. Additionally, HBx activates promoters
of genes encoding interleukin-8, tumor necrosis factor, transforming
growth factor-β and epidermal growth factor receptor [16]. HBx can
also stimulate several signal transduction pathways, including the
JAK/STAT, RAS/RAF/MAPK, and Wnt/β-catenin pathways [26,27].
The contributions of hepatitis C virus (HCV) to hepatocarcinogenesis
are mediated through viral proteins, including core, NS3 and NS5A
proteins. HCV core protein can promote apoptosis or cell proliferation
through interaction with p53 or upregulation of Wnt-1 at the
transcriptional level [28-31].
The prognosis of advanced HCC remains poor in spite of the
development of novel therapeutic strategies [21]. The potential
therapeutic target is relatively specific for cancer cells [32]. The
target plays an essential role in cancer initiation and progression,
and inhibition of expression or activity of the target induces growth
suppression and/or apoptosis in cancer cells. The target is “drugable”
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as an enzyme (e.g., a kinase) or cell surface molecule (e.g., a membranebound receptor) that can be easily screened for small-molecule
inhibitors or targeted by a specific antibody [32,33]. The only systemic
therapy available for advanced HCC is based on the multikinase
inhibitor sorafenib [33], which is the most effective therapeutic tool
for advanced nonresectable HCC. The survival of patients with
advanced HCC treated with sorafenib depends on the absence of liver
dysfunction and on the status of the patient [34]. The use of sorafenib
in combination with transarterial chemoembolization has improved
survival rates in patients with advanced HCC. New perspectives in
cancer treatment have appeared with the advent of microRNAs, a novel
class of noncoding small RNAs [35].

Regucalcin Suppresses Proliferation of Hepatoma Cells
in vitro
Regucalcin plays a pivotal role as a suppressor protein in signal
transductions in various types of cells and tissues; the protein suppresses
signal transduction from the cytoplasm to nucleus in cell regulation,
which is mediated through phosphorylation and dephosphorylation of
many proteins and nuclear DNA and RNA synthesis [9-12]. Regucalcin
was found to suppress the enhancement of hepatoma cell proliferation
after serum stimulation. Regucalcin mRNA and protein was expressed
in the cloned rat hepatoma H4-II-E cells and human hepatoma HepG2
cells [36-38]. These expressions were lower levels as compared with
that in normal rat liver [36-38].
Culture with fetal bovine serum produced an increase in protein
kinase activity and a corresponding elevation of cell number in cloned
rat hepatoma H4-II-E cells [39]. The increase in protein kinase activity
preceded a significant elevation of cell number [39], suggesting that
serum factors (including growth factors, cytokines and hormones)
stimulate cell proliferation that is partly mediated through cascades of
various protein kinases. This enhancement is suggested to be involved
in various protein kinases including Ca2+/calmodulin-dependent
protein kinase, protein kinase C, protein tyrosine kinase, extracellular
signal-related kinase (ERK), mitogene-activated protein kinase
(MAPK) and PI3 kinase [39]. Endogenous regucalcin was also shown
to reveal suppressive effects on the enhancement of protein kinase
activity in the cytoplasm in H4-II-E cells with cell proliferation by
using anti-regucalcin monoclonal antibody [39]. Regucalcin may reveal
suppressive effects for overexpression of hepatoma cell proliferation
due to inhibiting various protein kinases in the cytoplasm and nucleus.
Regucalcin has been shown to reveal suppressive effects on protein
phosphatase activity in the cytoplasm and nucleus of normal rat liver
[40,41]. Regucalcin was found to reveal inhibitory effects on Ca2+/
calmodulin-dependent protein tyrosine phosphatase activity in the cells
[42,43]. Endogenous regucalcin, which is increased after culture with
Bay K 8644, was found to reveal suppressive effects on Ca2+/calmodulinactivated protein tyrosine phosphatase activity in proliferating cells
by using anti-regucalcin monoclonal antibody [42,43]. Processes
that are reversibly controlled by protein phosphorylation require
not only a protein kinase but also a protein phosphatase [44]. Target
proteins are phosphorylated at specific sites by one or more protein
kinases and these phosphoproteins are removed by specific protein
phosphatase [44]. Regucalcin may play a pivotal role as a suppressor
for the enhancement of cell proliferation due to inhibiting the activities
of various protein kinases and protein phosphatases that are enhanced
in hepatoma cell proliferation.
Endogenous regucalcin has been shown to reveal suppressive
effects on nuclear DNA synthesis enhanced in H4-II-E with cell
proliferation [45,46]. The presence of regucalcin in the reaction
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mixture caused a decrease in DNA synthesis activity in the nuclei of
H4-II-E cells cultured with serum [45]. Nuclear DNA synthesis activity
was increased in the presence of anti-regucalcin monoclonal antibody
in the reaction mixture containing the nucleus of H4-II-E cells cultured
with serum, and this elevation was depressed after addition of various
protein kinase inhibitors in the reaction mixture [45]. These findings
support the view that endogenous regucalcin suppresses nuclear DNA
synthesis activity enhanced through mechanism by which depresses
nuclear protein kinases, and that it has a direct-suppressive effect on
DNA synthesis activity in the nuclei of H4-II-E cells with proliferation.
Thus, regucalcin may reveal suppressive effects on the enhancement
of nuclear DNA synthesis activity in proliferating cells, and it may
play a suppressive role for over expression of cell proliferation. This
was further supported using H4-II-E cells over expressing regucalcin
stably. Regucalcin-over expressing cells were generated, which the
regucalcin content of regucalcin/pCXN2-transfected cells showed
19.7-fold as compared with that of the parental wild-type H4-II-E cells
and pCXN2 vector-transfected cells (mock type) [46]. Overexpression
of endogenous regucalcin was found to reveal suppressive effects on
cell proliferation [46]. The presence of anti-regucalcin monoclonal
antibody in the reaction mixture caused an increase in DNA synthesis
activity in the nuclei obtained from wild-type H4-II-E cells, mock-type
cells, and the transfectants with over expression of regucalcin [46].
However, the augmentation of the nuclear DNA synthesis activity
was remarkable in the transfectants [46], supporting the view that
endogenous regucalcin has a great suppressive effect on the nuclear
DNA synthesis activity.
Regucalcin has been shown to regulate the gene expression
of cell cycle-related proteins in proliferating hepatoma cells [47].
Overexpression of endogenous regucalcin has been found to regulate
the effect of various factors, which induce cell-cycle arrest, on the
proliferation of H4-II-E cells (wild-type) [47]. The expression of p21
mRNA was found to enhance in the transfectants over expressing
endogenous regucalcin, although the expressions of cdc2a and chk2
(checkpoint-kinase 2) mRNAs were not changed in the transfectants
[47]. P21 is an inhibitor of cyclin-dependent kinases (cdk) [48].
Regucalcin may enhance p21 expression and inhibits G1 progression
in H4-II-E cells, although it cannot exclude the possibility, however,
that regucalcin directly inhibits cdk activity in the cells. Regucalcin was
found to cause G1 and G2/M phase cell cycle arrest in H4-II-E cells
[47].
c-myc, c-fos, c-jun and Ha-ras are known to be tumor stimulator
genes [49]. p53 and Rb are tumor suppressor genes and c-src is
oncogene [50]. The expression of c-myc, Ha-ras or c-src mRNAs was
found to suppress in the transfectant over expressing regucalcin [51].
The expression of p53 and Rb mRNAs was markedly enhanced in the
transfectants [51], p53 has also been known to stimulate the gene
expression of p21, an inhibitor of cell cycle-related protein kinases, that
induces cell-cycle arrest. The suppression of the expressions of c-myc,
Ha-ras and c-src mRNAs and the enhancement of the expressions of
p53 and Rb mRNAs in the transfectants over expressing regucalcin may
lead to the retardation of proliferation of hepatoma H4-II-E cells. In
addition, the gene expression of IGF-I, which is a growth factor in cell
proliferation, was found to suppress in H4-II-E cells [47]. Suppression
of IGF-I expression may lead to retardation of cell proliferation.
Molecular mechanism by which regucalcin suppresses cell
proliferation is summarized (Fig 1).
The revelation of suppressive effects of regucalcin on cell
proliferation is involved in the depressive effects on calcium-dependent
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Fig 1: Molecular mechanisms by which regucalcin suppresses cell proliferation. Regucalcin suppresses various protein kinases, protein phosphatases and protein
synthesis in the cytoplasm. Cytoplasmic regucalcinis translocated into the nucleus. This translocation is enhanced through activation of protein kinase C-dependent
signaling stimulation. Nuclear regucalcin has suppressive effects on enhancement of Ca2+-dependent and-independent protein kinase and phosphatase activities,
DNA fragmentation, and DNA and RNA synthesis in the nucleus of cells. Regucalcin regulates nuclear transcriptional activity for gene expression of many proteins.
As the results, regucalcin reveals suppressive effects on cell proliferation, which is mediated through various signaling factors.

signaling factors, various protein kinases and protein phosphatases
activities, protein synthesis, nuclear DNA and RNA synthesis, IGF-I
expression and the regulatory effects on various tumorgenesis-related
gene expressions. Regucalcin, which was translocated into the nucleus,
may bind DNA and modulate nuclear transcriptional activity. Over
expression of endogenous regucalcin may suppress proliferation of
hepatoma cells. Down-regulation of regucalcin gene expression in
hepatoma cells may lead to stimulation of cell proliferation with change
in various tumorgenesis-related gene expressions.

Regucalcin Gene Expression
Hepatocarcinogenesis in vivo

is

Suppressed

in

Regucalcin gene expression has been shown to down regulate in
the development of hepatocellular carcinogenesis in animal models
in vivo. Eegucalcin gene expression was found to suppress in the
hepatoma tissues of rats in vivo [52]. Rat hepatoma was induced
after continuous feeding of basal diet containing 0.06% 3’-methyl-4dimethylaminoazobenzene (3’-Me-DAB) [52]. After 35 weeks feeding,
the non-tumorous and tumorous tissues of the livers were removed
from the rats [52]. Regucalcin mRNA levels in the tumorous tissues
were decreased in comparison with that of the non-tumorous tissues of
the chemical-fed rats, while c-myc mRNA was specifically increased in
the hepatomas [52].
New markers for the liver pre-neoplastic foci in rats treated with
diethylnitrosamine and then 2-acetylaminofluorene combined with
partial hepatectomy, which induces an increase in proliferating cells,
has been investigated [53]. Transaldolase, aflatoxin B1 aldehyde
Cell Signal Cancer
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reductase, and gamma- glutamylcysteine synthetase are found as upregulated gene, and regucalcin was found as a down-regulated gene,
in line with findings for hepatocellular carcinomas [53]. Suppression
of regucalcin gene expression was found at the early stage in the
development of carcinogenesis [53].
Biomarkers associated with the development of hepatocellular
carcinoma in CuZn superoxide dismutase (CuZnSOD, Sod1) deficient
mice have been identified [54]. Liver samples were obtained from
18-month-old1 -/- and +/+ mice. Regucalcin showed a divergent
alteration in Sod1-/- samples [54]. Whereas elevated regucalcin levels
were observed in -/- samples with no obvious neoplastic changes,
marked reduction in regucalcin is observed in -/- samples with fully
developed hepatocellular carcinoma [54]. Glutathione S-transferase
(GST) mutant 1 (M1) showed a significant increase only in the
neoplastic regions obtained from Sod1-/- livers [54]. No change in
GSTM1 was observed in the surrounding normal tissues [54]. Marked
reduction was observed in two intracellular lipid transporters, fatty
acid binding protein 1 and major urinary protein 11 and 8 in Sod1-/livers [54]. Thus, regucalcin was identified to be biomarkers associated
with the development of hepatocellular carcinoma in CuZn superoxide
dismutase deficient mice in vivo [54].
Moreover, the suppression of regucalcin protein expression
has also been identified in proteomic analysis that was differentially
expressed in the livers of rats fed 5% ethanol for 1 and 3 months [55].
In addition, regucalcin mRNA expression is suppressed by disorder of
liver metabolism (including carbon tetrachloride [56], galactosamine
[57] and phenobarbital [58] administration, the conditions of diabetes
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and ethanol ingestion [59]), which may lead to cirrhosis and HCC.
Suppression of regucalcin gene expression may lead to the development
of HCC.

6. Thiselton DL, McDowall J, Brandau O, Ramser J, d’Esposito F, et al. An
integrated, functionally annotated gene map of the DXS8026-ELK1 internal
on human Xp11.3-Xp11.23: Potential hotspot for neurogenetic disorders.
Genomics. 2002 Apr; 79(4): 560-572.

Regucalcin gene suppression has been found to be associated
with the development of carcinogenesis in animal models in vivo. If
the chemical feeding-induced suppression of regucalcin expression
accelerates the enhancement of various signaling pathways in liver
cells, it may generate a possible circumstance for the development of
carcinogenesis. In this aspect, the suppression of the regucalcin gene
with chemical feeding in vivo may play a pathophysiological role in the
development of carcinogenesis. Decrease in regucalcin, which plays a
multifunctional role as a suppressor in various signaling pathways in
proliferating cells, may lead to development in carcinogenesis.

7. Yamaguchi M, Makino R, Shimokawa N. The 5’end seguences and exon
organization in rat regucalcin gene. Mol Cell Biochem. 1996 Dec; 165(2): 145150.

Noticeably, regucalcin was found to be under expressed in human
hepatoma HepG2 cells in vitro [37,38]. Moreover, the regucalcin gene
and its protein levels were found to specifically suppress in human
HCC patients using analysis with multiple gene expression profiles
and proteomics [60-64]. Suppression of regucalcin gene expression
may play a pathophysiologic role in the development of human HCC.
Overexpression of regucalcin with the regucalcin gene delivery may be
a useful tool in the therapy of human HCC.

Prospect
Regucalcin plays a multifunctional role as a suppressor protein in
cell signaling system in various types of cells and tissues. Regucalcin
may be a key molecule in the suppression of the proliferation of
hepatoma cells and the development of hepatocarcinogenesis. The
enhancement of endogenous regucalcin gene expression may reveal
preventive and therapeutic effects in the progression of hepatoma cells.
Delivery of the regucalcin gene will be a novel useful tool in the therapy
of human hepatocarcinoma. This may provide a new strategy in the
development of novel therapeutic tools for human hepatocarcinoma
with the regucalcin gene delivery system in clinical aspects.

Author Disclosures
The author has no conflicts of interest.
Acknowledgements
Regucalcin studies of the author were supported by a Grant-in-Aid for
Scientific Research (C) No.63571053, No.02671006, No.04671362, No.06672193,
No.08672522, No.10672048, No.13672292 and No.17590063 from the Ministry of
Education, Science, Sports, and Culture, Japan. Also, the author was awarded
the Bounty of Encouragement Foundation in Pharmaceutical Research, Japan and
the Bounty of the Yamanouchi Foundation for Research on Metabolic Disorders,
Japan. This study was also supported by the Foundation for Biomedical Research
on Regucalcin.

References
1. Yamaguchi M, Yamamoto T. Purification of calcium binding substance from
soluble fraction of normal rat liver. Chem Pharm Bull. 1978 Jun; 26(6): 19151918.
2. Yamaguchi M, Mori S. Effect of Ca2+ and Zn2+ on 5’-nucleotidase activity in rat
liver plasma membranes: Hepatic calcium-binding protein (regucalcin) reverses
the Ca2+ effect. Chem Pharm Bull. 1988 Jan; 36(1): 321-325.
3. Yamaguchi M, Sakurai T. Inhibitory effect of calcium-binding protein regucalcin
on Ca2+-activated DNA ragmentation in rat liver nuclei. FEBS Lett. 1991 Feb;
279(2): 281-284.
4. Shimokawa N, Yamaguchi M. Molecular cloning and sequencing of the cDNA
coding for a calcium-binding protein regucalcin from rat liver. FEBS Lett. 1993
Aug; 327(3): 251-255.
5. Shimokawa N, Matsuda Y, Yamaguchi M. Genomic cloning and chromosomal
assignment of rat regucalcin gene. Mol Cell Biochem. 1995 Oct; 151(2): 157163.

Cell Signal Cancer
ISSN: CSC, an open access journal

8. Yamaguchi M. The transcriptional regulation of regucalcin gene expression.
2011 Jan; 346(2): 147-171.
9. Yamaguchi M. Role of regucalcin in maintaining cell homeostasis and function
(Review). Int J Mol Med. 2005 Mar; 15(3): 371-389.
10. Yamaguchi M. Regucalcin and cell regulation: role as a supressor in cell
signaling. Mol Cell Biochem. 2011 Jul; 353(2): 101-137.
11. Yamaguchi M. Role of regucalcin in cell nuclear regulation:Involvement as a
transcription factor. Cell Tissue Res. 2013 Nov; 354(2): 331-341.
12. Yamaguchi M. Suppressive role of regucalcin in liver cell proliferation:
Involvement in carcinogenesis. Cell Prolif. 2013 Jun; 46(3): 243-253.
13. Yamaguchi M. The anti-apoptotic effect of regucalcin is mediated through
multisignaling pathways. Apoptosis. 2013 Oct; 18(10): 1145-1153.
14. Yamaguchi M. Role of regucalcin in brain calcium signaling: Involevement with
aging. Integr Biol (Cambr). 2012 Aug; 4(8): 825-837.
15. Yamaguchi M. Role of regucalcin in bone homeostasis: Involvement as a novel
cytokine. Integr Biol (Cambr). 2014 Mar; 6(3): 258-266.
16. Yamaguchi M. Regulatory role of regucalcin in heart calcium signaling: Insight
into cardiac failaure (Review). Biomed Reports. 2014 May; 2(3): 303-308.
17. Jemal A, Center MM, DeSantis C, Ward EM. Global patterns of cancer
incidence and mortality rates and trends. Cancer Epidemiol Biomarkers Prev.
2010 Aug; 19(8): 1893-1907.
18. Bosch FX, Ribes J, Diaz M, Cleries R. Primary liver cancer: worldwide incidence
and trends. Gastroenterology. 2004 Nov; 127: S5-S16.
19. Bosch FX, Ribes J, Diaz M, Cleries R, Diaz M. Epidemiology of hepatocellular
carcinoma. Clin Liver Dis. 2005 May; 9(2): 191-211.
20. Farazi PA, DePinho RA. Hepatocellular carcinoma pathogenesis: from genes
to environment. Nat Rev Cancer. 2006 Sep; 6(9): 674-687.
21. Purohit V, Rapaka R, Kwon OS, Song BJ. Roles of alcohol and tabacco
exposure in the development of hepatocellular carcinoma. Life Sci. 2013 Jan;
92(1): 3-9.
22. Wu HC, Santella R. The role of aflatoxins in hepatocellular carcinoma. Hepat.
2012 Oct; 12: e7238.
23. Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty liver disease and
hepatocellular carcinoma: a weightly connection. Hepatology. 2010 May; 51(5):
1820-1832.
24. Dragani TA. Risk of HCC: genetic heterogeneity and complex genetics. J
Hepatol. 2010 Feb; 52(2): 252-257.
25. Terasaki S, Kaneko S, Kobayashi K, Nonomura A, Nakanuma Y. Histological
features predicting malignant transformation of nonmalignant hepatocellular
nodules: a prospective study. Gastroenterology. 1998 Nov; 115(5): 1216-1222.
26. Brechot C, Pourcel C, Louise A, Rain B, Tiollais P. Presence of integrated
hepatitis B virus DNA sequences in cellular DNA of human hepatocellular
carcinoma. Nature. 1980 Jul; 286: 533-535.
27. Minami M, Daimon Y, Mori K, Takashima H, Nakajima T, et al. Hepatitis B
virus-related insertional mutagenesis in chronic hepatitis B patients as an early
drastic genetic change leading to hepatocarcinogenesis. Oncogene. 2005 Jun;
24(27): 4340-4348.
28. Wang J, Chenivesse X, Henglein B, Bréchot C. Hepatitis B virus integration in
a cyclin A gene in a hepatocellular carcinoma. Nature. 1990 Feb; 343: 555-557.
29. Balsano C, Avantaggiati ML, Natoli G, De Marzio E, Will H, et al. Full-length and
truncated versions of the hepatitis B virus (HBV) X protein (pX) transactivate
the c- myc protooncogene at the transcriptional level. Biochem Biophys Res
Commun. 1991 May; 176(3): 985-992.
30. Twu JS, Lai MY, Chen DS, Robinson WS. Activation of protooncogene c-jun by
the X protein of hepatitis B virus. Virology. 1993 Jan; 192(1): 346-350.
31. Chirillo P, Falco M, Puri PL, Artini M, Balsano C, et al. Hepatitis B virus pX

Volume 1 • Issue 1 • 1000101

Citation: Yamaguchi M (2014) Regucalcin Serves as a Suppressor Protein in Hepatocarcinogenesis. Cell Sig Cancer 1: 101.

Page 5 of 5
activates NF-kappa B-dependent transcription through a Raf-independent
pathway. J Virol. 1996 Jan; 70(1): 641-646.

49. Curran T. Fos and June: intermediary transcription factors. New York: Elsevier;
c1991.p 295-308.

32. Shin JW, Chung Y-H. Molecular targeted therapy for hepatocellular carcinoma:
current and future. World J Gatroenterol. 2013 Oct; 19(37): 6144–6155.

50. Hulla JE, Schneider RP. Structure of the rat p53 tumor suppressor gene.
Nucleic Acids Res 1993 Feb; 21(3): 713-717.

33. Wilhelm SM, Adnane L, Newell P, Villanueva A, Llovet JM, et al. Preclinical
overview of sorafenib, a multikinase inhibitor that targets both Raf and VEGF
and PDGF receptor tyrosine kinase signaling. Mol Cancer Ther 7: 3129-3140.

51. Tsurusaki Y, Yamaguchi M. Role of regucalcin in liver nuclear function: Binding
of regucalcin to nuclear protein or DNA and modulation of tumor-related gene
expression. Int J Mol Med. 2004 Aug; 14(2): 277-281.

34. Padhya KT, Marrero JA, Singal AG. Recent advances in the treatment of
hepatocellular carcinoma. Curr Opin Gastroenterol. 2010 May; 26(3): 189-195.

52. Makino R, Yamaguchi M. Expression of calcium-binding protein regucalcin
mRNA in hepatoma cells. Mol Cell Biochem. 1997 Oct; 175(2): 163-168.

35. Callegari E, Elamin BK, Sabbioni S, Gramantieri L, Negrini M. Role of
microRNAs in hepatocellular carcinoma: a clinical perspective. Onco Targets
and Therapy. 2013; 6: 1167-1178.

53. Suzuki S, Asamoto M, Tsujimura K, Shirai T. Specific differences in gene
expression profile revealed by cDNA microarray analysis of glutathione
S-transferase placental form (GST-P) immunohistochemically positive rat liver
foci and surrounding tissue. Carcinogenesis. 2004 Mar; 25(3): 439-443.

36. Nakajima M, Murata T, Yamaguchi M. Expression of calcium-binding protein
regucalcin mRNA in the cloned rat hepatoma cells (H4- II-E) is stimulated
through Ca2+ signaling factors: Involvement of protein kinase C. Mol Cell
Biochem. 1999 Aug; 198(2): 101-107.
37. Misawa H, Yamaguchi M. Transcript heterogeneity of the human gene for Ca2+binding protein regucalcin. 2000 Mar; 5(3): 283-287.
38. Murata T, Shinya N, Yamaguchi M. Expression of calcium-binding protein
regucalcin mRNA in the cloned human hepatoma cells (Hep G2): Stimulation
by insulin. Mol Cell Biochem. 1997 Oct; 175(2): 163-168.
39. Inagaki S, Yamaguchi M. Suppressive role of endogenous regucalcin in the
enhancement of protein kinase activity with proliferation of cloned rat hepatoma
cells (H4-II-E). J Cell Biochem (Suppl). 2001; S36: 12-18.
40. Omura M, Yamaguchi M. Regulation of protein phosphatase activity by
regucalcin localization in rat liver nuclei. J Cell Biochem. 1999 Dec; 75(3): 437445.
41. Tsurusaki Y, Misawa H, Yamaguchi M. Translocation of regucalcin to rat
liver nucleus: Involvement of nuclear protein kinase and protein phosphatase
regulation. Int J Mol Med. 2000 Dec; 6: 655-660.
42. Inagaki S, Misawa H, Yamaguchi M. Role of endogenous regucalcin in protein
tyrosine phosphatase regulation in the cloned rat hepatoma cells (H4-II-E). Mol
Cell Biochem. 2000 Oct; 213(2): 43-50.
43. Inagaki S, Yamaguchi M. Enhancement of protein tyrosine phosphatase activity
in the proliferation of cloned rat hepatoma H4-II-E cells: Suppressive role of
endogenous regucalcin. Int J Mol Med. 2000 Sep; 6(3): 323-328.
44. Cohen P, Cohen PTW. Protein phosphatase come of age. J Biol Chem. 1989
Dec; 264(36): 21435-21438.
45. Inagaki S, Yamaguchi M. Regulatory role of endogenous regucalcin in the
enhancement of nuclear deoxyribonucleic acid synthesis with proliferation of
cloned rat hepatoma cells (H4-II-E). J Cell Biochem. 2001Sep; 82(4): 704-711.
46. Misawa H, Inagaki S, Yamaguchi M. Suppression of cell proliferation
and deoxyribonucleic acid synthesis in cloned rat hepatoma H4-II-E cells
overexpressing regucalcin. J Cell Biochem. 2001; 84(1): 143-149.
47. Yamaguchi M, Daimon Y. Overexpression of regucalcin suppresses cell
proliferation in cloned rat hepatoma H4-II-E cells: Involvement of intracellular
signaling factors and cell cycle-related genes. J Cell Biochem. 2005 Aug; 95(6):
1169-1177.
48. Charollais RH, Buquet C, Mester J. Butyrate blocks the accumulation of CDC2
mRNA in late G1 phase but inmhibits both early and late G1 progression in
chemically transformed mouse fibroblasts BP-A31. J Cell Physiolo. 1990 Oct;
145(1): 46-52.

Cell Signal Cancer
ISSN: CSC, an open access journal

54. Elchuri S, Naeemuddin M, Sharpe O, Robinson WH, Huang TT. Identification
of biomarkers associated with the development of hepatocellular carcinoma
in CuZn superoxide dismutase deficient mice. Proteomics. 2007 Jun; 7(12):
2121-2129.
55. Graveel CR, Jatkoe T, Madore SJ, Holt AL, Farnham PJ. Expression profiling
and identification of novel genes in hepatocellular carcinomas. Oncogene.
2001 May; 20(21): 2704-2712.
56. Fernando H, Wiktorowicz JE, Soman KV, Kaphalia BS, Khan MF, et al. Liver
proteomics in progressive alcoholic steatosis. Toxicol Appl Pharmacol. 2013
Feb; 266(3): 470-480.
57. Isogai M, Shimokawa N, Yamaguchi M. Hepatic calcium-binding protein
regucalcin is released into the serum of rats administered orally carbon
tetrachloride. Mol Cell Biochem. 1994 Feb; 131(2): 173-179.
58. Isogai M, Oishi K, Yamaguchi M. Serum release of hepatic calcium-binding
protein regucalcin by liver injury with galactosamine administration in rats. Mol
Cell Biochem. 1994 Jul; 136(1): 85-90.
59. Isogai M, Oishi K, Shimokawa N, Yamaguchi M. Expression of hepatic calciumbinding protein regucalcin mRNA is decreased by phenobarbital administration
in rats. Mol Cell Biochem. 1994 Dec; 141(1): 15-19.
60. Isogai M, Kurota H, Yamaguchi M. Hepatic calcium-binding protein regucalcin
concentration is decreased by streptozotocin-diabetic state and ethanol
ingestion in rats. Mol Cell Biochem. 1997 Mar; 168(2):67-72.
61. Choia JK, Choi JY, Kim DG, Choi DW, Kim BY, et al. Integrative analysis of
multiple gene expression profiles applied to liver cancer study. FEBS Lett. 2004
May; 565(1): 93-100.
62. Blanc J-F, Lalanne C, Plomion C, Schmitter J-M, Bathany K, et al. Proteomic
analysis of differentially expressed proteins in hepatocellular carcinoma
developed in patients with chronic viral hepatitis C. Proteomics. 2005 Sep;
5(14): 3778-3789.
63. Roy L, LaBoissière S, Abdou E, Thibault G, Hamel N, et al. Proteomic analysis
of the transitional endoplasmic reticulum in hepatocellular carcinoma: An
organelle perspective on cancer. Biochim Biophys Acta. 2010 Sep; 1804(9):
1869-1881.
64. Schröder PC, Segura V, Riezu JI, Sangro B, Mato JM, et al. A signature of
six genes highlights defects on cell growth and specific metabolic pathways
in murine and human hepatocellular carcinoma. Funct Integr Genomics. 2011
Sep; 11(3): 419-429.

Volume 1 • Issue 1 • 1000101

