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Abstract. Regucalcin gene promoter region-related
protein-p117 (RGPR-pl17; gene symbol, rgpr-117) was identi-
fied in 2001 as a novel transcription factor that specifically
binds to a nuclear factor I consensus motif, TTGGC(N),CC in
the promoter region of the regucalcin (rgn) gene. The human
RGPR-pl17 gene consists of 26 exons spanning ~4.1 kbp and
is localized on chromosome 1q25.2. The nuclear transloca-
tion of cytoplasm RGPR-pl17 is mediated via the protein
kinase C-dependent signaling pathway. Overexpression of
RGPR-pl117 enhances the transcription activity of rgn, and a
protective effect on cell death by inhibition of gene expres-
sion levels of caspase-3, caspase-8 and FADD proteins that
possess the TTGGC motif in the promoter region of those
genes was revealed. RGPR-p117 has a crucial role as a tran-
scription factor. Notably, RGPR-p117 was shown to localize
in the plasma membranes, mitochondria and microsomes
(endoplasmic reticulum; ER). RGPR-p117, which is located in
the ER, was also shown to have a role as an ER export factor
implicated in the transports of proteins and lipids. As a result
of this finding, it was proposed in 2007 that RGPR-p117 is
renamed SEC 16 homolog B, endoplasmic reticulum export
factor (SEC16B). Recently, there is increasing evidence that
RGPR-p117/SEC16B may be involved in human obesity. Thus,
the current review presents data regarding the involvement of
RGPR-p117 in human obesity.
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1. Introduction

Regucalcin gene promoter region-related protein-pl17
(RGPR-pl17; gene symbol, rgpr-pl17) was originally
discovered as a novel transcription factor for regucalcin
(rgn) gene expression in 2001 (1,2). The RGPR-pl117 gene
consists of 26 exons spanning ~4.1 kbp and is localized
on human chromosome 1q25.2 (2). RGPR-p117 conserves
a leucine zipper motif (2). Thus, RGPR-p117 was termed
as the leucine zipper transcription regulator 2 (Lztr2).
Phosphorylated RGPR-p117 in the nucleus specifically binds
to a nuclear factor I consensus motif, TTGGC(N),CC that
is located on the 5'-flanking region of the regucalcin (3-8).
Regucalcin has been shown to be pivotal as a suppressor in
various cell signaling pathways and in transcription activity
for maintaining cell homeostasis and disorder in various cell
and tissue types (9-11).

In 2007 it was proposed that RGPR-pl117 be renamed
to SEC16 homolog B, endoplasmic reticulum export
factor (SEC16B) (12). RGPR-pl17 has a putative role as
an endoplasmic reticulum (ER) export factor implicated
in the transports of proteins and lipids in the ER (13).
In recent years, growing evidence indicates that the
RGPR-p117/SEC16B gene is involved in human obesity and
type 2 diabetes (14). However, to the best of our knowledge,
the role of RGPR-p117/SEC16B as an ER export factor impli-
cated in lipid metabolism has not been investigated. Thus,
the aim of the current review was to discuss the findings
regarding the role of RGPR-pl117/SEC16B as an ER export
factor implicated in lipid metabolism and its involvement in
human obesity and type 2 diabetes.

2. Pivotal role of RGPR-p117 as a transcription factor

RGPR-pl17 enhances rgn gene expression. The RGPR-p117
gene, rgpr-pl17, is expressed in various species, including
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humans, rats, mice, dogs, cows, pigs, rabbits, chickens, frogs
(Xenopus), fish (Zebrafish), C. elegans and yeast (8,15-17).
The human rgpr-pl17 is located in human chromosome
1g25.2 and is organized with a minimum of 26 exons span-
ning ~4.1 kbp (2,8). RGPR-p117 in the human liver consists of
1,060 amino acid residues with a calculated molecular mass of
117 kDa and an estimated isoelectric point (p/) of 5.71 (2,15).
RGPR-pl117 is highly homologous in various types of mamma-
lian species, indicating a functional significance in vertebrate
species (15-17). Mammalian RGPR-p117 was confirmed to
highly conserve a leucine zipper motif, which is a charac-
teristic structure of nuclear transcription factors (2,17-21).
The leucine zipper pattern is conserved in numerous gene
regulatory proteins, such as CCATT-box/enhancer binding
protein (22), nuclear oncogenes, fos and jun (23), cAMP
response element (CRE) binding proteins (CREB, CRE-BP1
and ATFs) (24), c-Myc, L-Myc, and N-Myc oncogenes (25),
and octamer-binding transcription factor 2 (Oct-2/OTF-2) (26).
This finding may support the hypothesis that RGPR-p117 is a
transcription factor.

RGPR-pl17 was demonstrated to enhance the rgn promoter
activity (7,8). RGPR-pl117 possesses various motifs associated
with post-translational modification, such as casein kinase II
phosphorylation, protein kinase C (PKC) phosphorylation,
N-myristoylation, N-glycosylation and amidation (2). Modified
native RGPR-pl117 may bind to the TTGGC motif in the
promoter region of the rgn in the nucleus (5,8). A computer
analysis of subcellular localization of RGPR-pl117 from six
vertebrates demonstrated a higher probability of nuclear
localization, particularly in rats and mice (78.3%) (2,17).
RGPR-pl117 was demonstrated to localize in the cytoplasm
and nucleus of modeled, normal rat kidney proximal tubular
epithelial NRK-52E cells with immunocytochemical analysis
using transient HA-RGPR-p117/phCM V2-transfected cells (5).
This nuclear localization was enhanced by a culture with fetal
bovine serum, parathyroid hormone or phorbol 12-myristate
13-acetate which activates various protein kinases, including
PKC (5,27-29).

Overexpression of RGPR-p117 was found to enhance
regucalcin mRNA and protein expression levels in NRK52E
cells (6). Notably, the stimulatory effects of RGPR-pl117
overexpression on the rgn promoter activity in NRK52E cells
transfected with the -710/4+18 LUC construct (which contains
the TTGGC sequence) disappeared in the cells that were
transfected with the LUC construct with the deleted TTGGC
motif (7). Furthermore, the stimulatory effects of overexpressed
RGPR-p117 on regucalcin mRNA expression were blocked by
culture with staurosporine, an inhibitor of PKC (30), while
this stimulatory effect was not suppressed in the presence of
dibucaine, an inhibitor of Ca**/calmodulin-dependent protein
kinase (29) or PD98059, an inhibitor of MAP kinase (31).
The stimulatory effects of RGPR-pl17 on regucalcin mRNA
expression were mediated through PKC-dependent signaling
process that stimulates protein phosphorylation in the nucleus
of NRKS52E cells (6). Furthermore, regucalcin mRNA expres-
sion has been shown to be stimulated through Ca** signaling
factors, which have been associated with PKC in modeled rat
hepatoma H4-II-E cells (29) and NRK52E cells (32). In addi-
tion, stimulatory effects of overexpressed RGPR-pl117 on the
rgn gene promoter activity were clearly blocked by culture
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with vanadate, an inhibitor of tyrosine kinase (6,33). Such an
effect was not revealed in the case of okadaic acid, an inhibitor
of protein serine/threonine phospharase (6,33). The inhibition
of protein tyrosine phosphatases contributed to demonstrating
the stimulatory effects of RGPR-pl117 on the rgn promoter
activity (6,33).

As described above, phosphorylated RGPR-pl17 in the
nucleus may directly bind to the TTGGC motif of the rgn
promoter region and enhance the transcription activity of rgn
expression (5,7,8).

RGPR-pll7 regulates the gene expression implicated in
apoptotic cell death. Overexpression of RGPR-pl117 did
not exhibit a significant effect on proliferation in NRK52E
cells (34). Notably, overexpressed RGPR-p117 demonstrated
protective effects on apoptotic cell death induced by tumor
necrosis factor-a, lipopolysaccharides or Bay K8644 in
NRK-52E cells (34). These factor-induced cell deaths were
clearly prevented by culture with inhibitor of caspase-3, which
activates endonuclease to mediate nuclear DNA cleavage into
oligonucleosome fragments (35,36) in NRKS52E cells (37).
Mechanically, overexpression of RGPR-p117 was demonstrated
to decrease the mRNA expression levels of Fas-associating
death domain (FADD) protein, caspase-8, caspase-9, and
caspase-3 that are implicated in the stimulation of apoptotic
cell death in NRKS52E cells (37). RGPR-p117 may exert protec-
tive effects on apoptotic cell death due to suppressing the gene
expression of various proteins implicated in the stimulation of
apoptosis (37). Notably, the TTGGC motif, which is present in
the rgn promoter region (1,2), is also located in the promoter
region of the genes of caspase-3, caspase-8 or FADD (2,37).
RGPR-p117, which binds to the TTGGC motif in the promoter
region of caspase-3, caspase-8 or FADD, may repress the gene
expression levels of caspase-3, caspase-8 or FADD in the
nucleus of NRKS52E cells.

Thus, RGPR-p117 may be critical in cell regulation as a
transcription factor in the gene expression of various proteins.
As summarized in Fig. 1, cytoplasm RGPR-pl17 is translo-
cated to the nucleus via a signaling mechanism associated
with Ca**-dependent PKC in cells. Nuclear RGPR-p117, which
is phosphorylated by various protein kinases, including PKC,
specifically binds to the TTGGC motif in the promoter region
of the various target genes in the nucleus, leading to regulation
of the gene expression in cells. RGPR-p117 possesses a leucine
zipper motif, which is conserved in various species (1,2). Thus,
RGPR-p117 may be crucial role as a transcription factor for
gene expression in various cell and tissue types.

3. Role of RGPR-p117/SEC16B as an ER export factor

The organelle distribution of RGPR-p117 has been analyzed in
NRK-52E cells transfected with HA-RGPR-p117/phCM V2 (34).
Results of western blot analysis for HA-RGPR-pl117 demon-
strated that this protein localizes in the plasma membranes,
cytoplasm, mitochondria, ER and nucleus of the cells (34).
RGPR-pl117 may have a regulatory role in these organelles. Of
note, overexpression of RGPR-p117 was shown to decrease the
protein and DNA contents in NRKS52E cells (34).

RGPR-p117 was shown to possess higher homology to
SECI16B (2,12). Furthermore, SEC16B has been reported to
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Figure 1. RGPR-pl17 has a crucial role as a transcription factor. Cytoplasmic RGPR-p117 is translocated to the nucleus, which is enhanced via activation
of Ca* signaling-dependent PKC. Nuclear RGPR-p117 is phosphorylated by PKC. Phosphorylated RGPR-p117 in the nucleus binds to the TTGGC motif in
the promoter region of the regucalcin gene, as well as other genes, and it regulates the transcription activity of target genes. RGPR-pl117 exerts suppressive
effects on DNA and protein synthesis, and protective effects on apoptotic cell death. Furthermore, RGPR-p117 is localized in the plasma membranes, mito-
chondria and ER in cells. RGPR-p117 may have a role as an ER export factor for lipids that are implicated in obesity. RGPR-p117, regucalcin gene promoter
region-related protein; PKC, protein kinase C; ER, endoplasmic reticulum; P, phosphorylated.

be an ER export factor (13). RGPR-p117 was demonstrated
to bind to the ER of normal rat kidney NRKS52E cells (35).
RGPR-pl17 has been suggested to perform a functional role in
ER export within cells.

The ER represents the entry point into the secretory
pathway, and from here newly synthesized proteins and
lipids are delivered to the Golgi (13,38,39). The selective
cargo export from the ER is mediated by coat protein II
(COPII)-assembly at specific sites of the ER, the transitional
ER (tER) (13,38). The peripheral membrane protein, SEC16
localizes to tER and may be key to the organization of these
sites, and this protein defines the tER and is hypothesized to
act as a scaffold for COPII-assembly (13,38). SEC16 may be
crucial in the formation of COPII vesicles, which mediate
transport of proteins and lipids from the ER to the Golgi appa-
ratus (13,38). Two isoforms of SEC16 have been reported as
follows: The larger isoform, SEC16A, and the smaller isoform,
SECI16B (13,38). However, the functional differences between
the two isoforms are ill-defined (13,38). SEC16B was shown
as not functionally redundant in ER export and transitional
ER organization (13,38). Characterization of the localization
and dynamics of SEC16B relative to Secl6A provide evidence
that SEC16B may be a minor, or perhaps specialized, form
of SEC16 and that it is not functionally redundant with
SEC16A (38-40).

SECI16B, as well as SEC16A, defines ER exit sites, where
COPII vesicles are formed in mammalian cells (38,39). SEC16A
and SEC16B, mammalian orthologs of yeast SEC16, are scaf-
fold proteins that organize ER exit sites by interacting with
COPII components (39). Overexpressed SEC16B targeted the
entire ER, whereas SEC16A was predominantly cytosolic (39).
Concomitant with the overexpression of SEC16B, peroxisomal
biogenesis factor 3 (PEX3) and PEX16 were redistributed
from peroxisomes to SEC16B-positive ER membranes (39).

Knockdown of SEC16B, but not SEC16A, by RNAI affected
the peroxisome morphology, inhibited the transport of PEX16
from the ER to the peroxisomes, and suppressed the expres-
sion of PEX3 (39). These phenotypes were reversed by the
expression of RNAi-resistant SEC16B (39). SEC16B, but
not SEC16A, was demonstrated to regulate the transport of
peroxisomal biogenesis factors from the ER to peroxisomes
in mammalian cells (39). Furthermore, the C-terminal region
of SEC16B, which is not conserved in SEC16A, is required
for this function (38,39). SEC16B, in ER areas other than ER
exit sites, was demonstrated to perform this role, providing
an explanation of how secretory and peroxisomal trafficking
from the ER are distinguished (38).

As described above, RGPR-p117 may be involved in ER
export process in the cells. However, more studies are required
to further elucidate this process.

4. Involvement of RGPR-p117/SEC16B in human obesity

Thereis growingevidencetoindicatethat RGPR-p117/SEC16B
may be involved in human obesity (41-46). Obesity is a
major health issue worldwide, with increasing prevalence
in adults and children from developed and developing
countries (41). Obesity causes various chronic diseases,
including cardiovascular and respiratory disease, osteoar-
thritis, hypertension, stroke, type II diabetes, obstructive
sleep apnea, and different types of cancer (41). At least 52
genetic loci have been shown to associate with obesity-asso-
ciated traits (42). Genome-wide association studies (GWAS)
effectively reveal an association between single nucleotide
polymorphisms and different measures of obesity, and have
identified a number of genes associated with human body
weight (41-46). Previous GWAS have identified numerous
genes of proteins associated with obesity, including leptin
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(LEP), LEP receptor, proopiomelanocortin, proprotein
convertase subtilisin/kexin type 1, a-ketoglutarate depen-
dent dioxygenase (FTO), melanocortin 3 receptor (MC3R),
MC4R, glucosamine-6-phosphate deaminase 2 (GNPDA2),
transmembrane protein 18, glutaminyl-peptide cyclotrans-
ferase like/gastric inhibitory polypeptide receptor, brain
derived neurotrophic factor (BDNF), ETS variant 5 (ETVS),
mitogen-activated protein kinase kinase 5/SKI family tran-
scriptional corepressor 1, SEC16B, single-minded family
bHLH transcription factor 1, and tankyrase/methionine sulf-
oxide reductase A (45). RGPR-p117/SEC16B may be a kind
of gene implicated in human obesity.

The involvement of SEC16B in obesity has been inves-
tigated in model animals using obese diabetic rats (47).
Schmid et al (47) performed an expression analysis of
14 genes, namely BDNF, ETVS5, Fas apoptotic inhibitory
molecule 2 (FAIM2), FTO, GNPDA2, potassium channel
tetramerization domain containing 15, lysophospholipase
like 1 (LYPLALTI), MC4R, mitochondrial carrier 2, neuronal
growth regulator 1, neurexin 3, transmembrane protein 18,
SEC16B, and transcription factor AP-2 § (TFAP2B), via
reverse transcription-quantitative polymerase chain reaction
in the adipose tissue of the kidney capsule, the mesenterium
and subcutaneum, as well as the hypothalamus of obese
Zucker diabetic fatty (ZDF) and Zucker lean (ZL) rats aged
22 weeks. All of the target genes, not including SEC16B,
exhibited the highest expression levels in the hypothalamus,
indicating a critical role of these obesity-associated genes
in the central regulation of energy balance (47). Notably,
the expression patterns observed in the hypothalamus were
not different between the obese ZDF and lean ZL rats (47).
However, LYPLALI1, TFAP2B, SEC16B and FAIM?2 were
expressed significantly less in the kidney fat of the ZDF rats
compared with the ZL rats (47). The expression pattern of
the investigated obesity genes may imply a role in the central
regulation of energy balance, but, for certain genes, an addi-
tional role within the adipose tissue (47). However, the role of
SECI16B in lipid metabolism in animal models remains to be
elucidated.

RGPR-pl117, which is a transcription factor (1,2,8), has
been shown to enhance the gene expression of regucalcin in
kidney cells (7,8). Regucalcin has been found to stimulate
adipogenesis in bone marrow mesenchymal stem cells (48),
and overexpressed regucalcin was demonstrated to cause
diabetes and lipid metabolic disorders with hyperlipidemia
in vivo (49,50). RGPR-p117 is speculated to partly partici-
pate in lipid metabolic disorder, which is mediated through
regucalcin. As RGPR-p117/SEC16B may regulate ER export
implicated in lipids (13), RGPR-p117/SECI6B is speculated to
contribute to lipid metabolic disorders.

Further studies are required to elucidate the direct evidence
regarding the role of RGPR-p117/SEC16B in the regulation of
lipid and glucose metabolism, which are implicated in obesity
and diabetes. It is possible that the target genes of RGPR-pl117
may be involved in human obesity.

5. Conclusion

RGPR-pl17 was originally discovered as a novel protein that
binds to a nuclear factor I consensus motif, TTGGC(N),CC

377

in the promoter region of the rgn gene (1,2). Phosphorylated
RGPR-pl17, which possesses a leucine zipper motif, was
demonstrated to be crucial as a transcription factor in
the expression of various target genes (7,9). Furthermore,
RGPR-p117 localizes in the plasma membranes, mitochondria
and ER of modeled kidney cells (34), indicating that this
protein has a multifunctional role in the regulation of cellular
functions. Notably, RGPR-p117 exhibited a protective role in
apoptotic cell death evoked by various stimulatory factors
in vitro (37). Additionally, incomplete splicing for the human
RGPR-p117 gene is suggested to be involved in carcinogenesis
in human placenta (2,9). Thus, RGPR-p117 may have a multi-
functional role in cell regulation.

RGPR-p117/SEC16B was proposed to be involved as an ER
export factor implicated in the transport of proteins and lipids
in the ER (12). As a result of this finding, it was proposed that
RGPR-p117 is renamed to SEC16B (12). There is currently
growing evidence that RGPR-p117/SEC16B is involved in
human obesity and diabetes. However, to the best of our knowl-
edge, the existing studies do not provide direct evidence that
RGPR-p117/SEC16B has a regulatory role in lipid metabolism
in vivo and in vitro. It is possible that RGPR-pl17, a transcrip-
tion factor, may target the gene expression for molecules
associated with lipid metabolism. However, further studies are
required to elucidate this fully.
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