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Abstract
The regenerating islet-derived members (Reg), a group 
of small secretory proteins, which are involved in cell 
proliferation or differentiation in digestive organs, are  
upregulated in several gastrointestinal cancers, func-
tioning as trophic or antiapoptotic factors. Regenerat-
ing islet-derived type Ⅳ (RegⅣ ), a member of the Reg  
gene family, has been reported to be overexpressed 
in gastroenterological cancers. RegIV overexpression 
in tumor cells has been associated with carcinogen-
esis, cell growth, survival and resistance to apoptosis. 
Cancer tissue expressing RegⅣ is generally associated 
with more malignant characteristics than that with-
out such expression, and RegⅣ is considered a novel 
prognostic factor as well as diagnostic marker in some 
gastroenterological cancers. We previously investigated 
the expression levels of RegⅣ  mRNA of 202 surgical 
colorectal cancer specimens with quantitative real-time 
reverse-transcriptase polymerase chain reaction and 
reported that a higher level of RegⅣ  gene expression 
was a significant independent predictor of colorec-
tal cancer. The biologic functions of RegⅣ protein in 
cancer tissue, associated with carcinogenesis, anti-
apoptosis and invasiveness, are being elucidated by 

molecular investigations using transfection techniques 
or neutralizing antibodies of RegⅣ, and the feasibility 
of antibody therapy targeting RegⅣ is being assessed. 
These studies may lead to novel therapeutic strate-
gies for gastroenterological cancers expressing RegⅣ . 
This review article summarizes the current information 
related to biological functions as well as clinical impor-
tance of RegⅣ  gene to clarify the significance of RegⅣ  
expression in gastroenterological cancers.
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INTRODUCTION
It is generally accepted that cancer develops as a result 
of  multiple genetic alterations. A better understanding of  
the changes in gene expression that occur during carci-
nogenesis may lead to improvements in diagnosis, treat-
ment and prevention. Identification of  novel biomarkers 
for cancer diagnosis and novel targets for treatment is 
a major goal[1]. Genes encoding transmembrane/secre-
tory proteins strongly expressed in cancer may be ideal 
biomarkers for cancer diagnosis[2]. In addition, if  the 
function of  the gene product is involved in the neoplastic 
process, such genes may constitute a therapeutic target.

The regenerating islet-derived members (Reg) are a 
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family of  genes belonging to the calcium-dependent lec-
tin (C-type lectin) gene superfamily[3-6]. Reg represents a 
group of  small secretory proteins that are essential for 
cell regeneration and proliferation and form an immune 
system[7,8]. Reg plays a wide range of  roles in human 
physiology as well as in disease[9-15] (Table 1). Among the 
human Reg family, special attention has been paid to Re-
generating islet-derived type Ⅳ (RegⅣ ), the most recently 
discovered member. RegⅣ  was originally isolated from a 
cDNA library of  ulcerative colitis tissues by Hartupee et 
al[3]. It is expressed not only in various normal tissues such 
as stomach, colon, small intestine and pancreas[16,17], but 
also in various malignant diseases, including colorectal[18], 
gastric[19], pancreatic[20] and gallbladder cancer[21]. The 
biological functions of  RegⅣ in cancers are not fully un-
derstood; however, several possible functions have been 
proposed. 

MOLECULAR CHARACTERISTICS OF  
REGⅣ  AND OTHER REG GENES
Using sequence analysis, Hartupee et al[3] mapped the Reg
Ⅳ  gene to chromosome 1 and determined that the RegⅣ  
gene contains 6 exons, the structure of  which is preserved 
among members of  the Reg gene family. Zhang et al[22] also 
showed that most members of  the Reg family have similar 
organization with respect to exon number and chromo-
some location. 

Previous studies have revealed that the Reg family 
shares strong similarities with C-type lectin[3], which is 
distinguished from other lectins by sharing a calcium-
dependent carbohydrate recognition domain (CRD). This 
domain of  lectin might account for the complex events 
induced by RegⅣ  and other Reg genes[23-25]. Unlike Reg
Ⅳ , however, other Reg genes are present at low or unde-
tectable levels in most tumors[11]. Analysis of  the unique 
structural similarities and differences between RegⅣ   
and other members of  this gene family are expected to 
provide a basis for investigations of  structure-function 
relations in this gene family. 

As for binding of  RegⅣ to other molecules or putative 
receptors, detailed interactions have not been elucidated. 
Ho et al[26] recently provided evidence that human RegⅣ  
binds to polysaccharides and mannan in the absence of  
calcium, unlike other C-type lectins. Utilizing nuclear mag-
netic resonance to elucidate the structural basis for carbo-
hydrate recognition of  RegIV, they found that RegⅣ has 
two calcium-independent mannan-binding sites serving 
as CRDs, suggesting a potential role in specific carbohy-
drate recognition[26]. These findings might provide clues to 
understanding the sugar-binding role of  RegⅣ proteins, 
as well as molecular interactions with currently unknown 
receptors.

REGⅣ OVEREXPRESSION IN 
GASTROENTEROLOGICAL CANCER
Although various normal tissues express RegⅣ, expres-

sion levels are much lower in normal tissues than in can-
cerous tissues[27]. Violette et al[11] showed that the RegⅣ is 
more strongly expressed in colorectal tumors (particularly 
in mucinous carcinomas) and normal small intestine than 
in normal colorectal tissue. They also demonstrated that 
RegⅣ-positive tumor cells display different phenotypes: 
mucus-secreting, enterocyte-like, or undifferentiated. 

Several studies have demonstrated overexpression of  
RegⅣ in gastric cancer. Oue et al[16] reported that RegⅣ 
expression was significantly higher in gastric carcinoma 
than in normal tissue on quantitative real-time polymerase 
chain reaction (PCR). Moreover, RegⅣ expression was 
associated with both intestinal mucin phenotype and neu-
roendocrine differentiation. 

In pancreatic ductal adenocarcinoma[20] as well as in 
gallbladder carcinoma[21] amplification of  RegⅣ in normal 
tissues was not apparent on quantitative real-time PCR. 
In contrast, high levels of  RegⅣ were found in cancer tis-
sues. These data suggest that overexpression of  RegⅣ is 
associated with generating and maintaining cancer tissue.

IMPORTANT ROLES OF REGⅣ IN 
CANCER TISSUES
Overexpression of RegⅣ  is an early event in 
carcinogenesis
Carcinogenesis is a multistep process involving somatic 
mutations or epigenetic changes affecting tumor suppres-
sor genes and oncogenes. Several studies have indicated 
that RegⅣ may participate in early carcinogenesis in cer-
tain cancers. 

Most colorectal carcinomas are thought to develop 
through the “adenoma-to carcinoma sequence” model[28], 
in which adenomas are recognized as precursor lesions of  
the vast majority of  colorectal cancers. Elucidation of  the 
adenoma-carcinoma sequence along with its correspond-
ing molecular genetic alterations will significantly enhance 
our understanding of  the pathogenesis of  colorectal car
cinoma. However, since research on genetic mutations 
of  adenomas is scant, the mechanism of  the adenoma-
adenocarcinoma sequence remains elusive. 

Zhang et al[9,14] generated a large collection of  candi-
date, differentially expressed genes in primary colorectal 
adenomas and found that RegⅣ  was one of  the differen-
tially expressed genes in colorectal adenoma and adeno-
carcinoma. They proposed that overexpression of  RegⅣ 
may be an early event in colorectal carcinogenesis.

In gastric cancer, one of  the important precancerous 
changes is intestinal metaplasia caused by chronic inflam-
mation[29]. Oue et al[27] performed serial analysis of  gene 
expression of  gastric carcinoma and identified several ge
nes potentially involved in invasion, metastasis and carci-
nogenesis, and reported that RegⅣ  is a candidate gene for 
cancer-specific expression. They also performed immu-
nohistochemical analysis of  RegⅣ in gastric tissues and 
showed that RegⅣ protein was immunohistochemically 
expressed in the goblet cells of  intestinal metaplasia of  
the stomach and gastric carcinoma, suggesting an associa-
tion of  RegⅣ protein with intestinal differentiation of  the 
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stomach and the pathogenesis of  intestinal-type gastric 
carcinoma[16].

Gallbladder carcinoma is also thought to arise from 
epithelial dysplasia, and dysplasia appears to arise from 
metaplasia[30]. Tamura et al[21] reported that RegⅣ partici-
pates in gallbladder carcinogenesis via intestinal metapla-
sia because RegⅣ expression was found not only in the 
cancer cells but also in the intestinal metaplastic epitheli-
um of patients with adenomyomatosis. In contrast, RegⅣ 
expression was never apparent in the normal epithelium 
of the gallbladder.

Intraductal papillary mucinous neoplasms (IPMN) 
of  the pancreas show a wide spectrum of  histological 
differentiation from hyperplasia and adenoma, and the 
existence of  an adenoma-carcinoma sequence has been 
documented[31-33]. Adsay et al[34-36] suggested that the in
testinal-type IPMN to colloid carcinoma sequence is a 
distinct pathway of  carcinogenesis involving intestinal-
related genes caudal-type homeobox transcription factor 2 
(CDX2) and Mucin 2 intestinal (MUC2). They described 
this pathway as the “intestinal” pathway of  carcinogen-
esis. CDX2 is a transcriptional factor that is important 
for the maintenance of  intestinal identity[37], and MUC2 
is a major mucin detected in intestinal epithelium[38]. Na-
kata et al[38] analyzed RegⅣ and CDX2 expressions in 
patients with IPMNs using immunohistochemical staining 
and microdissection-based quantitative real-time reverse 
transcription PCR. The positive rates of  both RegⅣ pro-
tein and mRNA expression were significantly higher in 
intestinal-type IPMN than in the other types of  IPMN. A 
significant correlation between RegⅣ  and CDX2 mRNA 
levels was also demonstrated. They concluded that RegⅣ 
plays an important role in differentiation of  the “intestinal”
pathway of  IPMN and may be regulated by CDX2.

Carcinogenesis is a complex, multistep process involv-
ing somatic mutations or epigenetic changes affecting 
tumor suppressor genes and oncogenes[39,40]. RegⅣ may 
contribute a part of  these process, however further inves-
tigation is essential for comprehensive elucidation.

RegⅣ  as an antiapoptotic factor
Advanced malignancies are often associated with poor re-
sponses to chemotherapy or radiation. Additional generic 
alterations in tumorigenesis create a permissive environ-
ment for clonal expansion of  cells that are resistant to 
apoptosis[41]. So far, considerable attention has been given 
to the B-cell lymphoma 2 (Bcl-2) family of  genes as pos-

sible regulators of  intrinsic tumor resistance to therapy[42]. 
Repressors of  programmed cell death, such as Bcl-2 and 
B-cell lymphoma-extra large (Bcl-xL), are known to de-
crease radiation- and chemotherapy-induced apoptotic 
cell death in cell cultures[43] via the Akt signaling pathway, 
which is an important determinant of  the response to an-
ticancer therapy[44]; overexpression of  these genes suggests 
a poor prognosis in colon cancer[45]. However, key cellular 
factors that regulate expression of  anti-apoptotic genes 
in tumors are not fully clarified. Defining dominant path-
ways responsible for regulating apoptosis could broaden 
current strategies for therapeutic intervention.

Bishunpuri et al[46] investigated possible roles of  RegⅣ  
in colon cancer cells, using an in vitro radiation-survival 
colony assay. Colon cancer cells were cultured with or 
without recombinant human RegⅣ (rhR4) and exposed 
to 4 Gy of  irradiation. After irradiation, colony counts 
increased significantly in rhR4-treated cell lines, but de-
creased in untreated cells. In the absence of  irradiation, 
rhR4 treatment did not alter the numbers of  colonies in 
treated cells. These data indicate that RegⅣ promotes 
tumor cell survival following a potent apoptotic stimulus. 
Furthermore, to establish a causative association between 
RegⅣ  and the anti-apoptotic genes Bcl-2 and Bcl-xL, rhR4 
was added to cultures of  colon carcinoma cell lines, and 
Bcl-2 and Bcl-xL mRNA expression levels were analyzed. 
Both Bcl-2 and Bcl-xL expression levels increased signifi-
cantly after rhR4-treatment in colon cancer cell lines, indi-
cating that exogenous RegⅣ regulates expression of  the 
Bcl-2 and Bcl-xL.

Mitani et al[19] also transfected gastric cancer cells with 
vector expressing RegⅣ to investigate the biologic signifi-
cance of  RegⅣ. To evaluate the effects of  RegⅣ on the 
response to 5-fluorouracil (5-FU) treatment, 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) as-
says were performed. Overexpression of  RegⅣ in gastric  
cancer cells was confirmed to significantly inhibit 5-FU-
induced apoptosis compared with cells transfected with 
empty vector on both MTT assay and measurement of  
DNA fragments. They also examined the expression of  
dihydropyrimidine dehydrogenase (DPD), because DPD 
has important roles in the pharmacokinetics and toxicity 
of  5-FU[47,48]. Induction of  DPD expression was dem-
onstrated in cells overexpressing RegⅣ compared with a 
negative control on Western blotting. They next examined 
the relevance of  RegⅣ expression to the response of  gas-
tric cancer to low-dose 5-FU and cisplatin in patients with 

Table 1  Human Reg family

Superfamily 
member

Length of 
amino acid

Chromosome 
localization

Main function

RegⅠA 166 2p12 Islet cell regeneration, diabetogenesis and pancreatic lithogenesis
RegⅠB 166 2p12 Islet cell regeneration, diabetogenesis and pancreatic lithogenesis
RegⅢA 175 2p12 Cell proliferation and differentiation in pancreatic inflammation and liver carcinogenesis
RegⅢG 175 2p12 Lectin-mediated innate immunity by binding intestinal bacteria, forming symbiotic host-microbial relationships
RegⅣ 158 1p12 Cell proliferation and cell regeneration. Carcinogenesis and anti-apoptosis in gastroenterological cancers

Reg: Regenerating gene; RegⅣ: Regenerating islet-derived type Ⅳ.
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recurrent gastric cancer. Among 36 patients who received 
this regimen, the response was no change or progressive 
disease in all 14 patients with RegⅣ expression, whereas 
partial responses were obtained in 8 (36.4%) of  the 22 pa-
tients without RegⅣ expression (P = 0.013). 

To investigate the relevance of  RegⅣ to resistance to 
chemotherapy or radiotherapy, Eguchi et al[44] established 
stable RegⅣ-expressing cells by transfection of  plasmid 
into RegⅣ-negative pancreatic cancer cells. Fluorescence-
activated cell scanning analysis of  radiated cells showed 
that the apoptotic population was 28.7% among radiated 
control cells, compared with only 10.7% among RegⅣ
-expressing cells (P < 0.001). Similarly, the 50% inhibi-
tory concentration (IC50) of  gemcitabine was 100 nmol/L 
against RegⅣ-expressing cells, but only 30 nmol/L against 
control cells. These in vitro findings suggest that RegⅣ 
has anti-apoptotic properties in pancreatic cancer cells ex-
posed to radiation and chemotherapy.

These studies revealed that RegⅣ not only promotes 
the expression of  certain factors known as anti-apoptotic 
proteins, but also contributes to increasing resistance to 
apoptotic death during treatment in vivo as well as in vitro 
(Table 2). 

RegⅣ  as a proinvasive factor
Rafa et al[49] investigated the potential function of  RegⅣ 
as a proinvasive factor in colorectal cancer cells. Colon 
cancer cells secreting RegⅣ or not were used to analyze 
the autocrine and paracrine effects of  RegⅣ. They evalu-
ated the invasive properties of  cancer cells by performing 
collagen type Ⅰ invasion assays and calculating invasion 
index, which is useful for judging the invasion ability[50,51]. 
They demonstrated that cell lines which secreted RegⅣ 
were spontaneously invasive, whereas cells which did not 
secrete RegⅣ were non-invasive compared with posi-
tive control cells. They also added the RegⅣ protein to 
non-RegⅣ-secreting cell lines, and confirmed a dose-
dependent increase in the invasive index. Addition of  an 
anti-RegⅣ antibody to assays with the invasive cell lines 
significantly limited their invasive properties. These re-
sults suggest that RegⅣ promotes in vitro invasion of  co-
lon cancer cell lines in both an autocrine and a paracrine 
manner.

REGⅣ EXPRESSION AND 
CLINICOPATHOLOGICAL FEATURES
Several studies have contrasted clinicopathological features 
with expression levels of  RegⅣ. Among 36 patients with 

colorectal cancer, Oue et al[16] demonstrated that lymph 
node metastasis was positive in 69.2% of  the RegⅣ-posi-
tive group, but only 30.4% of  RegⅣ-negative group, sug-
gesting that RegⅣ contributes to lymph node metastasis 
in colorectal cancer. A relation between overexpression 
of  RegⅣ and liver metastasis has also been demonstrated 
in patients with colorectal cancer[18,52]. One study of  30 
patients with colorectal cancer showed that metastatic re-
currence in the liver during follow-up was more frequently 
associated with the presence than the absence of  RegⅣ  
staining (63% vs 9%, P = 0.010)[18]. Bishnupuri et al[53] 
suggested that liver metastasis might result from RegⅣ 
inducing matrix metalloproteinase-7,which promotes liver 
metastasis[54]. 

We studied surgical specimens of  cancer tissue and 
adjacent normal mucosa obtained from 202 patients with 
colorectal cancer. We examined the relations between the 
expression levels of  RegⅣ and clinicopathological fea-
tures. High expression levels of  RegⅣ were significantly 
related to well-differentiated histological type, deeper in-
vasion, lymphatic invasion, liver metastasis, and advanced 
stage (stage Ⅳ). In contrast, RegⅣ expression levels were 
unrelated to age, gender, tumor size, tumor location, lymph  
node metastasis, and venous invasion[55].

In gastric cancer, positive RegⅣ expression has been 
associated with poorly differentiated tumors, although 
there was no clear correlation between RegⅣ expression 
and tumor depth or lymph node metastasis[16]. The results 
of  an in vitro study by Kuniyasu et al[56] suggest that RegⅣ 
might accelerate peritoneal metastasis in gastric cancer.

These studies generally discussed the unfavorable im-
pact of  RegⅣ expression on clinicopathological features. 
Cell proliferation and anti-apoptotic effect induced by Reg
Ⅳ may accelerate progression of  cancer.

RegⅣ  as a prognostic factor
RegⅣ  has recently been recognized to be associated with 
poor prognoses in specific gastroenterological cancers. Mac-
adam et al[13] reported a significant increase in colorectal 
cancer-related deaths among patients with non-metastatic 
early stage disease whose tumors expressed Reg genes. 
This subgroup of  patients was also at high risk for recur-
rent colorectal cancer after curative surgery, and such pa-
tients may benefit from adjuvant therapy[13]. 

We also demonstrated that RegⅣ is significantly as-
sociated with outcomes in colorectal cancer. In our study, 
overall survival rates were significantly higher in RegⅣ 
low patients (83.5%) than in RegⅣ high patients (55.1%, 
P = 0.002). On multivariate Cox regression analysis, tu-

Author      Year Type of cancer Result

Bishnupuri et al[46]      2006 Colorectal RegⅣ induces cell survival against radiation, and regulates Bcl-2 and Bcl-xL
Mitani et al[19]      2007 Gastric RegⅣ inhibited 5-fluorouracil-induced apoptosis, and induced DPD expression
Eguchi et al[44]      2009 Pancreatic RegⅣ decreased the sensitivity to radiation and gemcitabine

RegⅣ: Reporting regenerating islet-derived type Ⅳ; Bcl-2: B-cell lymphoma 2������� ���������������������������������������������������������������������      ; ��������������������������������������������������������������������������      Bcl-xL: B-cell lymphoma-extra large; DPD: Dihydropyrimidine dehydrogenase.

Numata M et al . RegⅣ in gastroenterological cancer



3506 July 21, 2012|Volume 18|Issue 27|WJG|www.wjgnet.com

mor size, liver metastasis, and a higher level of  RegⅣ  gene 
expression (P = 0.029) were significant independent pre-
dictors of  overall survival in colorectal cancer[55]. 

Miyagawa et al[57] estimated RegⅣ mRNA levels in the 
peritoneal washes of  95 patients with gastric cancer by 
real-time reverse transcription-PCR. The RegⅣ mRNA 
level was correlated with the extent of  wall penetration 
and peritoneal metastases. They also found that the out-
comes of  RegⅣ-positive patients were significantly worse 
than those of  RegⅣ-negative patients. Multivariate analy-
sis suggested that RegⅣ is an independent prognostic fac-
tor[57].

Tao et al[58] measured RegⅣ mRNA levels by immu-
nohistochemical staining of  tissue, and enzyme-linked im-
munosorbent assay of  serum. Their results confirmed that 
the mean survival time was significantly shorter in patients 
with RegⅣ-positive gastric cancer than in those with Reg
Ⅳ-negative gastric cancer (P = 0.013)[58].

In gallbladder cancer, Tamura et al[21] reported that 
high expression of  RegⅣ correlated with a well-differen-
tiated phenotype accompanied by better outcomes, where 
lower expression correlated with a poorly differentiated 
phenotype accompanied by worse survival, suggesting 
that loss of  RegⅣ expression might be associated with 
more malignant characteristics.

According to these data, RegⅣ expression is gener-
ally associated with poor outcomes in colorectal cancer 
and gastric cancer. Further studies will hopefully clarify 
differences in clinical outcomes according to the type of  
cancer.

RegⅣ  as a diagnostic biomarker
Serum biomarkers for the detection of  cancer are needed 
in order to find a larger number of  candidates for sus-
pected cancer. Several studies have assessed the feasibility 
of  using RegⅣ as a serum diagnostic marker (Table 3). 
Oue et al[18] measured serum RegⅣ levels in patients with 
colorectal cancer by enzyme-linked immunosorbent assay 
to investigate the diagnostic potential of  RegⅣ. Increased 
preoperative levels of  RegⅣ were found in a low numbers 
of  serum samples from patients with stage 0-Ⅲ colorec-
tal cancer, indicating that serum RegⅣ is unsuitable for 
the detection of  early colorectal cancer. In contrast, in 
patients with stage Ⅳ disease, the serum RegⅣ concen-
tration was significantly higher in the presence than in 
the absence of  liver metastasis, suggesting that RegⅣ is 
a good marker for metastatic recurrence in the liver after 
resection of  colorectal cancer.

Mitani et al[19] demonstrated that the serum RegⅣ con-
centration in presurgical patients with gastric cancer was 
significantly higher than that in healthy individuals (1.96 
± 0.17 mg/L vs 0.52 ± 0.05 mg/L, P < 0.001). The diag-
nostic sensitivity of  serum RegⅣ (36.1%) was superior to 
that of  serum carcinoembryonic antigen (CEA, 11.5%) or 
carbohydrate antigen 19-9 (CA19-9, 13.1%). 

Kobayashi et al[59] also evaluated the usefulness of  se-
rum RegⅣ levels as a diagnostic marker for gastric cancer. 
They collected pretreatment serum samples from patients 
with gastric cancer and healthy control subjects without 
cancer. RegⅣ levels were significantly higher in patients 
with early gastric cancer (median 8.42 mg/L) than in the 
control subjects (median 5.01 mg/L) (P < 0.001). RegⅣ 
levels were also higher in patients with advanced gastric 
cancer (median 13.12 mg/L) than in those with early gas-
tric cancer (P < 0.02). The sensitivity for gastric cancer 
was 73.0%, the specificity was 70.8%, and the accuracy 
was 71.8%, which is superior to the respective values for 
CEA and CA19-9. Serum RegⅣ levels were thus sug-
gested to be potentially useful as a screening marker for 
gastric cancer, including early disease.

In pancreatic cancer, Takehara et al[20] detected signifi-
cantly elevated serum RegⅣ levels, measured with the use 
of  an enzyme-linked immunosorbent assay system, in pa-
tients with early-stage pancreatic ductal adenocarcinomas. 
Their findings suggested that RegⅣ may become a new 
serological marker of  pancreatic ductal adenocarcinoma.

Serum RegⅣ level can be a useful indicator to distin-
guish between patients with cancer and healthy subjects. 
RegⅣ has the potential to be used as a screening serum 
marker for certain cancers, including cancers in the early 
stages.

SIGNALING PATHWAY OF REGⅣ, AND 
REGⅣ-TARGETED THERAPY
Monoclonal antibody therapy has become an important 
option for the management of  gastroenterological cancer. 
Bevacizumab, a humanized monoclonal antibody to vas-
cular endothelial growth factor, is currently approved in 
combination with intravenous 5-FU-based regimens for 
first-line treatment of  metastatic colorectal cancer. Besides 
the anti-angiogenesis factor antibody, antibodies against 
circulating ligands, such as hepatocyte growth factor[60] 
and interleukin-6[61], are under review as anticancer drugs. 

The signaling pathway activated by RegⅣ  is poorly un-
derstood; however, Bishunpuri et al[53] recently demonstrat-

Table 3  Articles reporting regenerating islet-derived type Ⅳ as biomarker

Author Year Type of cancer Result

Oue et al[18] 2007 Colorectal Serum RegⅣ concentration was significantly elevated in patients with liver metastases than those 
without

Mitani et al[19] 2007 Gastric Presurgical serum RegⅣ was significantly elevated compared with healthy individuals
Kobayashi et al[59] 2010 Gastric Presurgical serum RegⅣ was significantly different in early and advanced cancer, compared with 

healthy individuals

RegⅣ: Reporting regenerating islet-derived type Ⅳ.
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ed that RegⅣ  is likely to function as an anti-apoptotic fac-
tor in colon cancers through the phosphorylation of  Akt 
and epidermal growth factor receptor (EGFR). EGFR  
expression and activation are common in adenocarcino-
mas and are associated with poor prognoses[62-68]. The im-
portance of  EGFR in colorectal cancer has been under-
pinned by the clinical use of  the cetuximab, a therapeutic 
monoclonal antibody that binds to the external domain 
of  EGFR and blocks ligand-mediated dimerization and 
activation[68]. 

Akt is another important downstream target of  EGFR 
because EGFR activates Akt via a signaling pathway in-
volving phosphoinositide 3-kinase (PI3K) and phospho
inositide-dependent kinase-1[69,70]. Akt overexpression and 
activation by phosphorylation at Thr308 and Ser473 are well-
established early events in sporadic colon carcinogenesis 
and are detectable in the neoplasmic epithelium, but are 
generally absent in normal colonic epithelium[71]. 

Bishunpuri et al[53] examined the effects of  purified rhR4 
on colon adenocarcinoma cells to determine the signaling 
pathways responsive to RegⅣ. They reported that rhR4 
treatment resulted in rapid phosphorylation of  EGFR at 
Tyr992 and Tyr1068 and Akt at Thr308 and Ser473. They con-
cluded that RegIV is a potent transactivator of  the EGFR/
PI3K/Akt signaling pathway via an unknown receptor and 
proposed that disruption of  PI3K signaling may have util-
ity as a novel therapeutic intervention for colorectal cancer.

To examine the role of  RegⅣ overexpression in pan
creatic cancer cells, Takehara et al[20] constructed several 
expression vectors designed to express siRNA specific to 
RegⅣ and transfected them into a pancreatic cancer cell 
line that endogenously expressed RegⅣ at a high level. 
The cell line had a knockdown effect on endogenous  
RegⅣ transcription, resulting in a significant reduction in 

the number of  viable cells as measured by MTT assay as 
well as by colony formation assay compared with nega-
tive controls. RegⅣ was thus suggested to have a critical 
role in pancreatic cancer cell survival and growth. They 
also generated recombinant human RegⅣ and incubated 
pancreatic cancer cells in its presence to examine whether 
RegⅣ activates the Akt signaling pathway. Recombinant 
human RegⅣ treatment was confirmed to significantly 
increase phosphorylated Akt, suggesting that RegⅣ stimu-
lates cell growth via the Akt signaling pathway in pancre-
atic cancer cells[20]. Furthermore, by using monoclonal 
antibodies specific to RegⅣ, they succeeded in neutral-
izing secreted RegIV in the culture medium in vitro and 
found that treatment with these neutralizing antibodies 
significantly suppressed pancreatic cancer cell growth by 
blocking Akt phosphorylation.

Legoffic et al[72] similarly examined the effect of  RegⅣ  
antibody by Western blotting analysis in mice with pancre-
atic cancer. They confirmed that the injection of  RegⅣ  
antibody significantly reduced the intra-tumor level of  
proteins associated with apoptosis (Akt, Bcl-2 and Bcl-xL) 
after treatment compared with a control group, resulting 
in significant reduction of  tumor.

The results of  these studies suggest that RegⅣ may 
contribute to cell proliferation and anti-apoptosis by tran
sactivating EGFR via an unknown receptor (Figure 1). 
Although a cell surface receptor for RegⅣ has not been 
identified, there are numerous examples where EGFR 
is transactivated by signaling molecules that do not bind 
directly to receptor. Bishnupuri et al[53] speculated that the 
RegⅣ receptor might be a G protein-coupled receptor, 
because ligands capable of  transactivating EGFR usually 
act on such receptors. They are now focusing on identify-
ing the RegⅣ binding receptor and further delineating 
primary intracellular signaling events[53].

The findings outlined above suggest the feasibility of  
antibody therapy targeting RegⅣ. Neutralizing antibody 
therapy targeting RegⅣ may lead to novel therapeutic 
strategies for gastroenterological cancers expressing RegⅣ 
(Table 4).

CONCLUSION
This is the first systematic review of  the RegⅣ  gene as 
related to gastroenterological cancer, focusing on its role 
in cancer tissue and its impact on clinical outcomes. RegⅣ  
is generally upregulated in gastroenterological cancers, in-
cluding those of  the stomach, colorectum, and pancreas, 
as well as in benign diseases such as ulcerative colitis. 
Available evidence suggests that the basic biological ef-
fects of  RegⅣ seem to be induction of  cellular prolif-
eration, invasion and inhibition of  apoptosis, resulting 
in relatively worse clinicopathological features, or worse 
survival in patients with high-RegⅣ expression than those 
without.

Recent studies revealed that the serum RegⅣ level can 
be a novel biomarker to detect patients with colorectal, 
gastric, and pancreatic cancer. These studies suggested 
RegⅣ has the potential to be used as a screening serum 
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EGFR

RegⅣ
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Figure 1  Schematic representation of the regenerating islet-derived type 
Ⅳ signaling pathway. Regenerating islet-derived type Ⅳ (RegⅣ) contributes 
to cell proliferation, inhibition of apoptosis, and carcinogenesis via protein ki-
nase B (Akt) signaling pathway by transactivating the epidermal growth factor 
receptor (EGFR). The primary signaling pathway is now being investigated. 
MBS: Mannan-binding sites; PI3K: Phosphoinositide 3-kinase; PIP2: Phos-
phatidylinositol 4,5-bisphosphate; PIP3: Phosphatidylinositol 4,5-triphosphate; 
PDK1: Phosphoinositide-dependent kinase-1; Bcl-2: B-cell lymphoma 2.
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marker. In addition, our multivariate analysis suggested 
that overexpression of  the RegⅣ  gene is a useful prog-
nostic biomarker in patients with colorectal cancer, which 
corresponds to other reports.

The signaling pathway activated by RegⅣ is not fully 
understood. However, recent studies demonstrated that 
RegⅣ is a potent activator of  the EGFR/Akt signaling 
cascade, which is associated with cell survival and pro-
liferation. Further investigation of  RegⅣ, particularly its 
cell surface receptors and signaling pathways, will further 
our understanding of  the basic mechanisms of  this gene. 
Strategies designed to reduce endogenous RegⅣ expres-
sion or to block downstream signaling warrant additional 
investigations to delineate their potential roles in the 
prevention or treatment of  established gastrointestinal ad-
enocarcinomas.
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