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Over-expression of REG3A gene can inhibit the  
proliferation, invasion and migration  
of human breast cancer 
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Abstract: Breast cancer is now the most frequently diagnosed cancer and is the sixth leading cause of cancer-
related death in Chinese women. The regenerating islet-derived (REG) gene family encodes a group of proteins 
highly expressed in several human pathologies, many of which are associated with oncogenesis. REG3A gene has 
been previously reported to be up-regulated in liver cancers. However, REG3A expression in breast cancer has not 
been described. Therefore, we have used real-time fluorescence quantification (RT-PCR) to demonstrate REG3A 
expression in breast cancer and pericarcinomatous tissue. The results suggest the expression of REG3A is signifi-
cantly reduced in breast cancer. The screening of human breast cancer with RT-PCR reveals REG3A gene is low 
expressed in MCF-7 cell line. Moreover, over-expressed of REG3A gene with entivirus can effectively repress the 
cell proliferation and the cell cycle was blocked in G0/G1 phase. Over-expressed REG3A gene can affect cell inva-
sion and migration, which is confirmed by cell invasion and migration related genes using west blot (snail, ICAM, 
RhoC, MTA1, MMP-2 and MMP-9). In addition, JAK2/STAT3 signaling pathway, which is related with oncogenesis, 
is retained by using west blot. Characterization of the role of REG3A in the development of tumors should lead to 
a better understanding of the changes occurring at the molecular level during the development and progression of 
primary human breast cancer. 
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Introduction

As a result of recent rapid urbanization at an 
annual rate of 2-3%, 47% of the Chinese popu-
lation live in urban areas and disease burden 
has concomitantly shifted from communicable 
to non-communicable diseases (including all 
cancers, but specifically breast cancer) [1]. 
Since the 1990s the incidence of breast cancer 
has increased more than twice as fast as have 
global rates, particularly in urban areas [2]. 
Breast cancer is now the most frequently diag-
nosed cancer and is the sixth leading cause of 
cancer-related death in Chinese women [3]. 
Annual diagnoses of breast cancer in China are 
now about half of those in the European Union 
(332 000 in 2008; population 498 million) [4], 
and are similar to the number of cases in the 
USA (182 000 cases in 2008; population 304 
million) [5]. Meta-static breast cancer indicates 
it remains an incurable disease but is treatable 

by means of serial administration of endocrine, 
cytotoxic, or biologic therapies. Prevention has 
been proved to be one of the most important 
ways to control disease burden. However, 
because of the national condition, currently the 
prevention of breast cancer in China is far away 
from being satisfactory or effective. On the 
other hand, treatment response is generally 
assessed with the use of serial imaging, but 
radiographic measurements often fail to detect 
changes in tumor burden. Therefore, there is an 
urgent need for biomarkers and target genes 
that measure can control tumor burden with 
high sensitivity and specificity.

Reg was found and defined as a regenerating 
and growth factor [6]. The Reg family belongs to 
the lectin superfamily and encodes five small 
secreted proteins [7, 8]. Members of the Reg 
family are grouped into four subtypes: types I, II, 
III, and IV [9]. In humans, the REG gene family 
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currently consists in four well-established 
members: REG1A, REG1B, REG3A and REG4. 
All are found encoded in tandem on chromo-
some 2p12, except forREG4, which is found on 
1p12. The intron-exon arrangement of all REGs 
is similar, again except for REG4, which has 
considerably longer intronic sequences [10, 
11]. It has been demonstrated that they are 
highly expressed in a variety of inflammatory 
states and in tumor tissue when compared to 
normal tissue [12]. Parikh et al. suggested 
functions of the various REGs are many and 
surprisingly diverse, given the great similarity in 
the sequence of the members [13]. Of the 
human REGs, REG1A, REG3A and REG4 are the 
best studied. All REGs are expressed in the 
pancreas and small intestine. REG3A was origi-
nally identified as a pancreatitis-associated 
protein (PAP) released by the acini during acute 
pancreatitis, and is a secreted C-type lectin 
protein, which has been reported to be up-reg-
ulated in primary hepatocellular carcinomas 
[14, 15]. Several functional studies demon-
strated that REG3A may be involved in cell rec-
ognition and adhesion, and also in the protec-
tion of cells from oxidative stress-induced 
apoptosis [16, 17]. An antimicrobial effect has 
been demonstrated for murine Reg3g and 
human REG3A and is possibly specific for mem-
brane-bound peptidoglycans of Gram-positive 
bacteria [18]. REG1A, REG1B, REG3A and REG4 
all show increased expression during inflamma-
tory bowel disease (IBD)-related inflammation 
of the colon [19, 20]. Moreover, REG3A is dra-
matically down-regulated in primary human 
gastric cancers [21]. Present knowledge of the 
mRNA and protein expression patterns of the 
REG3A in human breast cancer is extremely 
limited, with only a few studies demonstrating 
the expression of REG3A in breast cancer [22, 
23]. We hypothesized that REG3A expression is 
associated with breast cancer. In the present 
study, we have utilised real-time fluorescence 
quantification (RT-PCR) method enabling us to 
determine the expression level of human 
REG3A in normal and breast cancer. The 
expression pattern has been further investigat-
ed in six different cell types expressing REG3A 
with RT-PCR and western blot method. The con-
ditions of cell proliferation, invasion and migra-
tion with over-expression of REG3A gene in 
MCF-7 cell line are examined with Flow 
Cytometer and transwell assay. Moreover, the 
proteins expression of genes (snail, ICAM, 

RhoC, MTA1, MMP-2 and MMP-9) related to cell 
invasion and migration and the proteins expres-
sion of genes related to JAK2/STAT3 (JAK2 and 
STAT3) are tested with western blot method. 

The current study represents a comprehensive 
evaluation of REG3A expression pattern in the 
breast cancer and will provide the necessary 
background information in further research on 
the regulation and function of these intriguing 
peptides. 

Materials and methods

Clinical samples

Paired tumor and adjacent normal tissue sam-
ples were collected at the time of dissection 
from patient with breast cancer at the Sichuan 
Cancer Hospital. The biopsies were frozen and 
stored at -80°C until preparation of total RNA, 
as described below. Patients with breast can-
cer were included in the study. All tumor tissues 
were histologically confirmed to be from breast 
tumors. 

Cell treatment

BT549 cell line, MCF-7 cell line, ZR-75-1 cell 
line, T-47D cell line, ZR-75-30 cell line, and 
MDA-MB-231 cell line were purchased from 
ATCC (Virginia, USA), and maintained in RPMI 
1640 with 10% (v/v) FBS (Invitrogen, Carlsbad, 
CA). Cell lines were maintained in a humidified 
chamber at 5% CO2, at 37°C. The ORF plasmid 
of REG3A was obtained from GeneCopoeia. 
pEZ-Lv201 Vector was used to build an over-
expression system of REG3A. Negative control 
was pEZ-Lv201, control was the normal MCF-7 
cells. All lentiviral particles were generated by 
following a standardized protocol using highly 
purified plasmids, Endo Fectin-LentiTM and  
Titer BoostTM reagents (FulenGen, Guangzhou, 
China). The lentiviral transfer vector was co-
transfected into MCF-7 cells with Lenti-PacTM 
HIV packaging mix (FulenGen, Guangzhou, 
China). Lentivirus-containing supernatant was 
harvested 48 h after transfection, clarified, and 
stored at -80.

RT-PCR

Reverse transcription of mRNA from breast 
cancer, pericarcinomatous tissue, BT549 cell 
line, MCF-7 cell line, ZR-75-1 cell line, T-47D cell 
line, ZR-75-30 cell line, and MDA-MB-231 cell 
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line was carried out in 100 µl final volume from 
400 ng total-RNA using high capacity cDNA 
Archive kit (Applied Biosystems) according to 
manufacturer’s instructions. REG3A and 
GAPDH mRNA levels were determined by 
RT-PCR, and primers were utilized as described 
in Table 1. Reactions were performed in 50 µl 
volumes containing, SYBR Green PCR master 
mix (Perkin-Elmer Biosystems). Real-time PCR 
was performed using a GeneAmp PCR System 
9600 (Perkin-Elmer Biosystems) in 96-well 
optical plates. Thermal cycling conditions were 
as follows: 2 min at 50°C and 10 min at 95°C, 
followed by 40 cycles at 95°C for 30 s, 60°C for 
30 s, and 72°C for 2 min. Data were collected 
using the ABI analytical thermal cycler. RNA 
expression was calculated based on a relative 
standard curve with ΔΔct method, representing 
10-fold dilutions of REG3A PCR products. 

Western blot analysis

Total cellular protein in six different cell lines 
and the MCF-7 cell line with over-expressed 
REG3A was isolated by the addition of 1% PMSF 
and RIPA lysis buffer (50 mM Tris-HCl (pH7.4), 
150 m MNaCl, 1% NP-40, 0.1% SDS). After 
boiled with SDS-PAGE sample buffer for 5 min, 
the samples were performed for sodium dodec-
ylsulfate-polyacrylamide gel electrophoresis. 
Then the proteins were transferred onto a poly-
vinylidene difluoride membrane (Millipore, 
USA). After being blocked for 1 h at room tem-
perature, the membrane was incubated with a 
1:1000 dilution of rabbit polyclonal anti-mouse 
REG3A, snail, ICAM, RhoC, MTA1, MMP-2 and 
MMP-9 pSTAT3, STAT3, pJAK2 and JAK2 anti-
body (ABGENT, USA) overnight. Before detected 
with an ECL chemiluminescence detection kit 
(Advansta, USA), proteins were incubated with 
the corresponding secondary antibody for 1 h 
at room temperature. The bands were obtained 
by GeneGnome 5 (Synoptics Ltd., UK).

Cell cycle analysis 

Flow cytometric analyses were performed to 
define cell cycle distribution for transfected and 

tribution was then analyzed with a FACS calibur 
flow cytometer (BD Biosciences).

Migration and invasion assay 

Cell migration assay was carried out using 
Transwell Permeable Support (Corning Incor- 
porated, Corning, NY, USA). After transfection 
MCF-7 cells were carefully transferred on the 
top chamber of each transwell apparatus at a 
density of 1×106 per ml (100 µl per chamber). 
Cells were allowed to migrate for 24, 48 and 72 
h at 37°C. Cells that had penetrated to the bot-
tom side of the membrane were then fixed in 
methanol, stained using hematoxylin and 
counted at microscope. Cell invasion was ana-
lyzed by using Cultre x 24-well BME Cell Invasion 
Assay (Trevigen Inc., Gaithersburg, MD, USA) 
according to standard procedures. Briefly, after 
transfection, 103 MCF-7 cells were seeded in 
100 µl serum-free media into the upper wells 
previously coated with Matrigel basement 
extract, and 500 µl of media were added in the 
bottom wells. After 24, 48 and 72 h of CO2 incu-
bation at 37°C, the non-invasive cells on the 
upper surface were removed and the cells 
migrated to the lower surface were fixed in 500 
µl of Cell Dissociation Solution/Calcein-AM, 
incubated al 37°C in CO2 incubator for 1 h and 
quantified by fluorimetric analysis (485 excita-
tion, 520 nm emission).

Results 

REG3A was down-regulated in primary human 
breast cancers and cell lines

In order to investigate the conditions of REG3A 
expression in breast tumor tissues, REG3A 
cDNA was selected for further verification of 
differential expression by RT-PCR. Using spe-
cific primers designed for the REG3A cDNA 
clone (Table 1), RT-PCR was performed on 15 
paired breast cancer and pericarcinomatous 
tissues. The result of this RT-PCR analysis is 
shown in Figure 1, which shows that REG3A 
mRNA was detected in all of 30 samples. All of 

Table 1. Specific primers designed for the REG3A and GAPDH
Gene Primers Length (bp) Tm (°C)
REG3A 5-CCAACCTGACCACCTCATTC-3

5-GCCTTAGGCCGTATGACAAA-3
107 59.97

59.97
GAPDH 5-CAAGTTCAACGGCACAGTCA-3

5-CACCCCATTTGATGTTAGCG-3
122 60.04

60.04

not transfected cells. After 6, 
12, 24 and 48 h from transfec-
tion, cells were harvested by 
trypsinization and fixed with 
70% ethanol. Cells were stained 
for total DNA content with a 
solution containing 20 µg/ml 
propidium iodide. Cell cycle dis-
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15 breast cancer samples analyzed, REG3A 
expression levels were markedly reduced with 
half of the expression levels of the reference 
GAPDH gene, except for Area 1. On contrary, all 
of 15 pericarcinomatous tissues samples ana-
lyzed, REG3A expression levels were similar to 

highest expression level of REG3A gene 
appears on the ZR-75-30 cell line and the low-
est expression level of REG3A gene appears  
on the MCF-7 cell line, indicating that REG3A 
mRNA expression in MCF-7 cell was more simi-
lar to the breast cancer in patients. Moreover, 

Figure 1. REG3A mRNA expression is down-regulated in primary human breast cancer RT-PCR was performed on 15 
paired breast cancer and pericarcinomatous tissues. GAPDH was used as a control for cDNA synthesis. Red column 
and blue column indicate samples of pericarcinomatous tissues and breast cancer, respectively. REG3A mRNA 
expression was down-regulated in the breast cancer compared to pericarcinomatous tissues.

Figure 2. Expression of REG3A in six human breast cancer cell lines RT-PCR 
and western blot was performed on six human breast cancer lines. GAPDH 
was used as a control for cDNA synthesis. REG3A mRNA expression was 
significantly reduced in the human MCF-7 cell lines tested.

the reference GAPDH gene, 
including Area 1, Area 3, Area 
4, Area 5, Area 8, Area 9, Area 
10, Area 12, Area 13 and Area 
15. Collectively, our results 
indicate that abnormal reduc-
tion of REG3A is confirmed in 
human breast cancers, dem-
onstrating that down-regula-
tion of REG3A expression is 
common in primary breast 
cancer tissues. We then inves-
tigated REG3A mRNA expres-
sion in human breast cancer 
cell lines. Six breast cancer 
cell lines (BT549, MCF-7, 
ZR-75-1, T-47D, ZR-75-30, and 
MDA-MB-231) were assessed 
with regard to REG3A expres-
sion by RT-PCR, in which 
GAPDH was employed as a 
control for both cDNA quality 
and efficiency of the PCR 
amplification. As shown in 
Figure 2, the REG3A transcript 
was detectable in all breast 
cancer cell lines. However, the 
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protein expressions of REG3A were confirmed 
by western blot, which is consisted with the 
results of mRNA expressions in six different 
breast cancer cell lines (Figure 2). The lowest 
protein expression level of REG3A gene appears 
on the MCF-7 cell line.

Influence of over-expressed REG3A on MCF-7 
cell behavior and cell cycle distribution

To test whether increased levels of REG3A 
might affect MCF-7 cell behavior, we introduced 
Control (Normal MCF-7 cell), Blank (Mock-
vehicle) and REG3A (over-expressed REG3A). 
Transfection was validated by RT-PCR that 
assessed increased ΔCt levels in transfected 
cells when compared with Control and Blank 
(Data not shown). We found that over-expressed 
REG3A progressively decreased cell prolifera-
tion up to 48 h of transfection (Figure 3A). Up to 
48h, REG3A group was significant retained 
compared with other two groups (P<0.05). Cell 
cycle distribution revealed that over-expressed 
REG3A gene in MCF-7 cells induced a transient 
cell accumulation in G0 and G1 phase (Figure 

We evaluated the expressions of biomarkers 
related with invasion and migration (snail, 
ICAM, RhoC, MTA1, MMP-2 and MMP-9) (Figure 
5) [24]. Of the Control group and Blank group 
(12 h), there is none of statistically significant 
different in the protein expression of biomark-
ers. However, the expressions of biomarkers in 
REG3A group were down-regulated compared 
with the other two groups. Interestingly, ICAM 
was up-regulated in REG3A group compared 
with the negative group. The results mentioned 
above suggested that over-expressed REG3A 
gene can retained the expression of key factors 
with invasion and migration. In summary, over-
expressed REG3A gene can effective inhibit the 
expressions of key factors related with invasion 
and migration (in vitro).

Western blot analysis of JAK2/STAT3 signaling 
pathway

Two key factors of JAK2/STAT3 signaling path-
way (JAK2 and STAT3) were selected to study 
the status of their expressions in Control, Blank 
and REG3A [25]. Cell extracts were analyzed 

Figure 3. Cell proliferation and cycle of over-expressed REG3A gene in MCF-
7 cell line. Control: normal MCF-7 cell, Blank: mock-vehicle of MCF-7 cell, 
REG3A: over-expressed REG3A gene of MCF-7. A. CCK8 method examines 
the cell proliferation of three different treatments in 6 h, 12 h, 24 h, and 
48 h. B. Flow cytometry checks the cell cycle of MCF-7 with three different 
treatments up to 24 h.

3B), while over-expressed 
REG3A gene resulted in accu-
mulation of cells in G0 phase 
coincident with a cell decrease 
in G0 phase up to 48 h of 
transfection (Figure 3A), sug-
gesting a block at G0/G1 
check point. Cell proliferation 
of over-expressed REG3A 
gene in MCF-7 cells was sig-
nificantly refrained compared 
with the Blank and Control 
groups up to 48 h. The results 
mentioned above suggested 
that over-expressed REG3A  
on MCF-7 cells can effectively 
repress the cell proliferation 
by preventing the cell cycling 
of G0/G1 phase. The invasion 
analysis by Boyden chamber 
and migration through poly-
carbonate membrane showed 
that over-expressed REG3A 
reduced cell invasiveness up 
to 24 h (Figure 4A) and cell 
migration (Figure 4B). 

Western blot analysis of bio-
markers related with invasion 
and migration
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with Western blotting using phosphorylated 
JAK2 (p-JAK2), total JAK2; phosphorylated 
STAT3 (p-STAT3), total STAT3. GAPDH served as 
the loading control. Western blot analysis 
showed that over-expressed REG3A caused a 
significant down-regulated protein expression 
of the activated key factors with JAK2/STAT3 
signaling pathway (Figure 6). In summary, 
Mock-vehicle treatment had none of influence 
on the protein expression of the p-JAK2, total 
JAK2, p-STAT3 and total STAT3. However, over-
expressed REG3A treatment could lead to the 
significantly down-regulated of the protein 
expression of p-JAK2, and p-STAT3, which were 
practically useful in biological function.

Discussion

As altered gene expression is a common fea-
ture of cancer cells, multiple genes have been 

reported to be differentially expressed in tumor 
tissues [26, 27]. It can be postulated that such 
genes might be involved in the cellular transfor-
mation and/or phenotype of transformed cells. 
We were interested in the REG3A gene because 
it had been previously reported to be up-regu-
lated in liver cancers [28]. In order to gain 
understanding into the molecular events of 
REG3A underlying the development of breast 
cancer, we isolated this gene which are dysreg-
ulated in primary human breast cancer tissues, 
using RT-PCR. In the present study, RT-PCR 
analysis clearly demonstrated that REG3A 
expression was dramatically reduced in the pri-
mary breast cancer tissues, i.e., all of the 
breast cancer samples, compared with the cor-
responding pericarcinomatous tissue. REG3A 
expression was different in six breast cancer 
cell lines (Figure 2) with the lowest expression 
level in MCF-7 cell line. Cell cycle distribution of 

Figure 4. A: The cell motility of transfected MCF-7 cells was evaluated using the monolayer wound healing assay. 
MCF-7 cells transfected with REG3A were seeded in the upper chamber of transwell filters. After 24 h incubation, 
the top of the filters was scraped and cells that migrated through the filters were fixed and stained. Images are rep-
resentative of migrated cells of one filed. B: MCF-7 cells transfected with REG3A were seeded in the upper chamber 
of transwell filters. After 24 h incubation, the top of the filters were scraped and cells that Matrigel-invaded through 
the filters were fixed and stained. Images are representative of invaded cells of one field. Bar: 200 μm.
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ver-expressed REG3A gene in MCF-7 cell was 
retained in G0/G1 phase and cell proliferation 
was significantly refrained compared with the 
Blank and Control groups up to 48 h. In addi-
tion, the invasion analysis by Boyden chamber 
and migration through polycarbonate mem-
brane showed that over-expressed REG3A 
reduced cell invasiveness up to 24 h and cell 
migration, which were confirmed by the west-
ern blot of biomarkers related with cell invasion 
and migration. The expressions of biomarkers 
in REG3A group were down-regulated com-
pared with the Control and Blank groups. 
Moreover, we examined the protein expression 
level of JAK2/STAT3 signaling pathway, which 
had been proven to play a key role in promotion 
tumor growth in human breast cancer cells 
[29]. The results showed that over-expressed 
REG3A caused a significant down-regulated 
protein expression of the activated key factors 
with JAK2/STAT3 signaling pathway. REG3A is a 
member of Reg protein family and other mem-
bers of Reg protein family are also related with 
human breast cancers. REG1 over-expression 
has been reported to be related with poor prog-

nosis of gastric cancers [30]. Over-expression 
of REGIV, another member of Reg protein family 
has been reported in certain types of human 
gastric cancers [31]. REG1 expression in gas-
tric mucosa was mainly in enterochromaffin 
like cells [32] and REGIV over-expression was 
detected only in gastric cancers having neuro-
endocrine differentiation [33]. In contrast to 
REG1 and REGIV, REG3A is frequently down-
regulated in human breast cancers according 
to our data and this discrepancy might suggest 
the distinct role of REG3A in mammary tissue. 
Several studies have shown that the methyla-
tion of the CpG island results in the inactivation 
of various genes, for example, cell adherence 
(E-cadherin), and cell cycle regulation (pRB, 
p15INK4b, p16INK4a) [34, 35]. An epigenetic 
mechanism involving DNA methylation has 
been shown to be responsible for the silencing 
of tumor associated genes in a variety of human 
cancers [36]. Indeed, Genes silenced by DNA 
methylation can be restored by treatment with 
5-Aza-dC, a well-established DNA methyltrans-
ferase inhibitor [37]. REG3A gene expression 
was also restored by 5-Aza-dC in human stom-
ach cancer cell lines, indicating that REG3A is 
transcriptionally silenced by DNA methylation. 
REG3A is a family in the calcium dependent 
(C-type) lectin superfamily consisting of a car-

Figure 5. Western blot analysis of migration and in-
vasion related genes with over-expressed of REG3A 
gene in MCF-7 cell. Control: normal MCF-7 cell, 
Blank: mock-vehicle of MCF-7 cell, REG3A: over-ex-
pressed REG3A gene of MCF-7. 

Figure 6. Western blotting was conducted to detect 
the expression levels of p-JAK, JAK, p-STAT3 and 
STAT3. Control: normal MCF-7 cell, Blank: mock-ve-
hicle of MCF-7 cell, REG3A: over-expressed REG3A 
gene of MCF-7. Control: normal MCF-7 cell, Blank: 
mock-vehicle of MCF-7 cell, REG3A: over-expressed 
REG3A gene of MCF-7.
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bohydrate recognition domain (CRD) of 138 
amino acids which is linked to a signal peptide 
[38]. The CRD of REG3A protein has been 
shown to have a specific lactose binding activi-
ty [16]. The C-type lectin family includes selec-
tin cell adhesion molecules, endocytic recep-
tors, and secreted molecules found in the 
extracellular matrix, and participates in cell sur-
face recognition mediated by protein-carbohy-
drate interactions [38]. REG3A has been report-
ed to bind to laminin-1 and fibronectin, and has 
also been implicated in cell to cell interaction, 
differentiation, and metastasis [16]. Functional 
studies have indicated that REG3A may play a 
role in the adhesion of cells to the extracellular 
matrix, and also in the protection of cells from 
oxidative stress-induced apoptosis [39]. Re- 
cently, it has been reported that REG3A stimu-
lates liver regeneration after partial hepatecto-
my in transgenic mice [40]. REG3A increased 
hepatocyte DNA synthesis and protected these 
cells against TNF-α plus actino-mycin-D-
induced apoptosis, implying that REG3A pos-
sesses mitogenic and anti-apoptotic abilities in 
hepatocytes, and consequently functions as a 
growth factor [40]. REG3A was previously 
reported to be up- regulated in 25% of primary 
liver cancers, although REG3A expression was 
not detected in normal liver tissue [15]. REG3A 
expression has been reported not only in liver 
cancers, but also in normal tissues such as the 
pancreas, small intestine, duodenal, jejunal, 
and ileal mucosa, displaying a number of posi-
tive cells in the bottom of the crypt. This pat-
tern is consistent with that of paneth cells, sug-
gesting that REG3A plays some role in these 
normal tissues [16]. REG3A gene expression 
was, however, undetectable in other adult nor-
mal tissues, such as the colon, brain, kidney, 
and lung. The present study demonstrated that 
REG3A was also expressed in the human 
breast, but down-regulated to a significant 
extent in the majority of primary human breast 
cancer (93%; 14 out of 15). In human breast 
cancer cell lines, REG3A promoter seems to be 
hyper-methylated, resulting in the transcription-
al reducing of REG3A, although the CpG island 
hyper-methylation of REG3A has not yet been 
demonstrated by bisulfite modified sequencing 
analysis. The investigation of molecular and 
genetic alterations in breast cancers has pro-
vided useful insights into the pathogenesis of 
the disease and provided invaluable tools for 
the differential diagnosis of primary tumors. 

For example, gene amplification and altered 
expression of c-erb B2 is selectively found in 
intestinal-type gastric cancer, and may serve as 
a prognostic marker for tumor invasion and 
lymph node metastasis [41]. Genetic mutations 
of E-cadherin have been reported to be respon-
sible for a dominantly inherited form of gastric 
cancer, and this might improve conventional 
diagnosis [42]. Cyclin E over-expression can be 
strongly correlated with staging, invasiveness, 
and proliferation, and may serve as a marker 
for aggressiveness [43]. Although additional 
studies are required for the characterization of 
the biological significance of REG3A inactiva-
tion in breast tumorigenesis, our study sug-
gests that the down-regulation of REG3A might 
be used as a molecular marker and target gene 
for the detection and treatment of human 
breast cancers. In the present study, we inves-
tigated the regulation of REG3A expression, 
and the mechanisms underlying its regulation 
in human breast cancers. REG3A is down-regu-
lated in the majority of primary human breast 
cancers and REG3A expression was down-regu-
lated in a subset of breast cancer cell lines. 
Characterization of the role of REG3A in the 
development of tumors should lead to a better 
understanding of the changes occurring at the 
molecular level during the development and 
progression of primary human breast cancer. 

Disclosure of conflict of interest

None.

Address correspondence to: Hui Li, Department of 
Breast Disease, Sichuan Cancer Hospital, Chengdu 
610041, P. R. China. Tel: +86 2885420455; Fax: 
+86 28-85420455; E-mail: huili179@sina.com 

References

[1] CIA. The World Factbook. https://www.cia.gov/
library/publications/the-world-factbook/geos/
ch.html (accessed Feb 27, 2014).

[2] Fan L, Zheng Y, Yu KD, Liu GY, Wu J, Lu JS, Shen 
KW, Shen ZZ, Shao ZM. Breast cancer in a 
transitional society over 18 years: trends and 
present status in Shanghai, China. Breast 
Cancer Res Treat 2009; 117: 409-16.

[3] Ferlay J, Shin HR, Bray F, Forman D, Mathers C, 
Parkin DM. Cancer incidence and mortality 
worldwide: IARC CancerBase No. 10. GLO- 
BOCAN 2008. Lyon: International Agency for 
Research on Cancer; 2010.

[4] Marcu M. Population and social conditions. 
Eurostat. http://epp.eurostat.ec.europa.eu/

mailto:huili179@sina.com


REG3A gene in human breast cancer cell

12112 Int J Clin Exp Pathol 2016;9(11):12104-12113

cache/ITY_OFFPUB/KS-QA-09-031/EN/KS-
QA-09-031-EN.PDF (accessed March 18, 
2014).

[5] The World Bank. Population (total). http://
data.worldbank.org/indicator/SP.POP.TO- 
TL?page=1&order=wbapi_data_value_ 
2009%20wbapi_data_value%20wbapi_data_
value-fi rst&sort=asc (accessed March 18, 
2014).

[6] Watanabe T, Yonemura Y, Yonekura H, Suzuki 
Y, Miyashita H, Sugiyama K, Moriizumi S, Unno 
M, Tanaka O, Kondo H, et al. Pancreatic beta-
cell replication and amelioration of surgical di-
abetes by Reg protein. Proc Natl Acad Sci U S A 
1994; 91: 3589-3592.

[7] Sanchez D, Figarella C, Marchand-Pinatel S, 
Bruneau N and Guy-Crotte O. Preferential ex-
pression of reg Iβ gene in human adult pan-
creas. Biochem Biophys Res Commun 2001; 
284: 729-737.

[8] Hervieu V, Christa L, Gouysse G, Bouvier R, 
Chayvialle JA, Bréchot C, Scoazec JY. HIP/PAP, 
a member of the reg family, is expressed in 
glucagon-producing enteropan-creatic endo-
crine cells and tumors. Hum Pathol 2006; 37: 
1066-1075.

[9] Okamoto H and Takasawa S. Recent adva- 
nces in the Okamoto model: the CD38-cyclic 
ADP-ribose signal system and the regen-erat-
ing gene protein (Reg)-Reg receptor system in 
beta-cells. Diabetes 2002; 51 Suppl 3: 
S462-S473.

[10] Lasserre C, Simon MT, Ishikawa H, Diriong S, 
Nguyen VC, Christa L, Vernier P, Brechot C. 
Structural organization and chromosomal lo-
calization of a human gene (HIP/PAP) encod-
ing a C-type lectin overexpressed in primary 
liver cancer. Eur J Biochem 1994; 224: 29-38.

[11] Miyashita H, Nakagawara K, Mori M, Naru- 
shima Y, Noguchi N, Moriizumi S, Takasawa S, 
Yonekura H, Takeuchi T, Okamoto H. Human 
REG family genes are tandemly ordered in a 
95-kilobase region of chro-mosome 2p12. 
FEBS Lett 1995; 377: 429-433.

[12] Takasawa S, Kuroki M, Nata K, Noguchi N, 
Ikeda T, Yamauchi A, Ota H, Itaya-Hironaka A, 
Sakuramoto-Tsuchida S, Takahashi I, Yoshi- 
kawa T, Shimosegawa T, Okamoto H. A novel 
ryanodine receptor expressed in pancreatic is-
lets by alternative splicing from type 2 ryano-
dine receptor gene. Biochem Biophys Res 
Commun 2010; 397: 140-145.

[13] Parikh A, Stephan AF, Tzanakakis ES. Regen- 
erating proteinsand their expression, regula-
tion, and signaling. Biomol Concepts 2012; 3: 
57-70.

[14] Keim V, Iovanna JL, Rohr G, Usadel KH, Dagorn 
JC. Characterization of a rat pancreatic secre-
tory protein associated with pancreatitis. 
Gastroenterology 1991; 100: 775-82.

[15] Lasserre C, Christa L, Simon MT, Vernier P, 
Brechot C. A novel gene (HIP) activated in hu-
man primary liver cancer. Cancer Res 1992; 
52: 5089-95.

[16] Christa L, Felin M, Morali O, Simon MT, 
Lasserre C, Brechot C, Seve AP. The human HIP 
gene, overexpressed in primary liver cancer 
encodesfor a C-type carbohydrate binding pro-
tein with lactose binding activity. FEBS Lett 
1994; 337: 114-8.

[17] Christa L, Carnot F, Simon MT, Levavasseur F, 
Stinnakre MG, Lasserre C, Thepot D, Clement 
B, Devinoy E, Brechot C. REG3A is an adhesive 
protein expressed in hepatocarci-noma, nor-
mal Paneth, and pancreatic cells. Am J Physiol 
1996; 271: G993-1002.

[18] Cash HL, Whitham CV, Behrendt CL, Hooper LV. 
Symbiotic bacteria direct expression of an in-
testinal bactericidal lectin. Science 2006; 313: 
1126-1130.

[19] Dieckgraefe BK, Crimmins DL, Landt V, Hou- 
chen C, Anant S, Porche-Sorbet R, Ladenson 
JH. Expression of the regenerating gene family 
in inflammatory bowel disease mucosa: Reg I 
[alpha] upregulation, processing, and anti-
apoptotic activity. J Invest Med 2002; 50: 421-
434. 

[20] Granlund AV, Beisvag V, Torp SH, Flatberg A, 
Kleveland PM, Østvik AE, Waldum HL, Sandvik 
AK. Activation of REG family proteins in colitis. 
Scand J Gastroenterol 2011; 46: 1316-1323.

[21] Choi B, Suh Y, Kim WH, Christa L, Park J, Bae 
CD. Downregulation of regenerating islet-de-
rived 3 alpha (REG3A) in primary human gas-
tric adenocarcinomas. Exp Mol Med 2007; 39: 
796-804.

[22] Yu SE, Park SH, Jang YK. Epigenetic silencing 
of TNFSF7 (CD70) by DNA methylation during 
progression to breast cancer. Mol Cells 2010; 
29: 217-21.

[23] Omenn GS, Yocum AK, Menon R. Alternative 
splice variants, a new class of protein cancer 
biomarker candidates: findings in pancreatic 
cancer and breast cancer with systems biology 
implications. Dis Markers 2010; 28: 241-51.

[24] Hurst DR, Welch DR. Metastasis Suppressor 
Genes: at the Interface Between the Environ- 
ment and Tumor Cell Growth. Int Rev Cell Mol 
Biol 2011; 286: 107-80.

[25] Burke WM, Jin X, Lin HJ, Huang M, Liu R, 
Reynolds RK, Lin J. Inhibition of constitutively 
active Stat3 suppresses growth of human 
ovarian and breast cancer cells. Oncogene 
2001; 20: 7925-34.

[26] Kettunen E, Anttila S, Seppänen JK, Karjalainen 
A, Edgren H, Lindström I, Salovaara R, Nissén 
AM, Salo J, Mattson K, Hollmén J, Knuutila S, 
Wikman H. Differentially expressed genes in 
nonsmall cell lung cancer: expression profiling 
of cancer-related genes in squamous cell lung 



REG3A gene in human breast cancer cell

12113 Int J Clin Exp Pathol 2016;9(11):12104-12113

cancer. Cancer Genet Cytogenet 2004; 149: 
98-106.

[27] Selga E, Oleaga C, Ramírez S, de Almagro MC, 
Noé V, Ciudad CJ. Networking of differentially 
expressed genes in human cancer cells resis-
tant to methotrexate. Genome Med 2009; 1: 
83.

[28] Cavard C, Terris B, Grimber G, Christa L, Audard 
V, Radenen-Bussiere B, Simon MT, Renard CA, 
Buendia MA, Perret C. Overexpression of re-
generating islet-derived 1 alpha and 3 alpha 
genes in human primary liver tumors with 
β-catenin mutations. Oncogene 2006; 25: 
599-608.

[29] Marotta LL, Almendro V, Marusyk A, Shipitsin 
M, Schemme J, Walker SR, Bloushtain-Qimron 
N, Kim JJ, Choudhury SA, Maruyama R, Wu Z, 
Gönen M, Mulvey LA, Bessarabova MO, Huh 
SJ, Silver SJ, Kim SY, Park SY, Lee HE, Anderson 
KS, Richardson AL, Nikolskaya T, Nikolsky Y, 
Liu XS, Root DE, Hahn WC, Frank DA, Polyak K. 
The JAK2/STAT3 signaling pathway is required 
for growth of CD44+CD24- stem cell-like breast 
cancer cells in human tumors. J Clin Invest 
2011; 121: 2723-35.

[30] Yonemura Y, Sakurai S, Yamamoto H, Endou Y, 
Kawamura T, Bandou E, Elnemr A, Sugiyama K, 
Sasaki T, Akiyama T, Takasawa S, Okamoto H. 
REG gene expression is associated with the in-
filtrating growth of gastric carcinoma. Cancer 
2003; 98: 1394-400.

[31] Oue N, Matsumura S, Nakayama H, Kitadai Y, 
Taniyama K, Matsusaki K, Yasui W. Reduced 
expression of the TSP1 gene and its associa-
tion with promoter hypermethylation in gastric 
carcinoma. Oncology 2003; 64: 423-9.

[32] Kinoshita Y, Ishihara S, Kadowaki Y, Fukui H, 
Chiba T. Reg protein is a unique growth factor 
of gastric mucosal cells. J Gastroenterol 2004; 
39: 507-13.

[33] Oue N, Mitani Y, Aung PP, Sakakura C, 
Takeshima Y, Kaneko M, Noguchi T, Nakayama 
H, Yasui W. Expression and localization of Reg 
IV in human neoplastic and non-neoplastic tis-
sues: reg IV expression is associated with in-
testinal and neuroendocrine differentiation in 
gastric adenocarcinoma. J Pathol 2005; 207: 
185-98.

[34] Song SH, Jong HS, Choi HH, Kang SH, Ryu MH, 
Kim NK, Kim WH, Bang YJ. Methylation of spe-
cific CpG sites in the promoter region could sig-
nificantly down-regulate p16 (INK4a) expres-
sion in gastricadenocarcinoma. Int J Cancer 
2000; 87: 236-40.

[35] Herman JG, Jen J, Merlo A, Baylin SB.  
Hypermethylation-associated inactivation indi-
cates a tumor suppressor role for p15INK4B. 
Cancer Res 1996; 56: 722-7.

[36] Park HY, Jeon YK, Shin HJ, Kim IJ, Kang HC, 
Jeong SJ, Chung DH, Lee CW. Differential pro-
moter methylation may be a key molecular 
mechanism in regulating BubR1 expression in 
cancer cells. Exp Mol Med 2007; 39: 195-204.

[37] Jones PA, Taylor SM. Cellular differentiation, 
cytidine analogs and DNA methylation. Cell 
1980; 20: 85-93.

[38] Lasserre C, Simon MT, Ishikawa H, Diriong S, 
Nguyen VC, Christa L, Vernier P, Brechot C. 
Structural organization and chromosomal lo-
calization of a human gene (REG3A) encoding 
a C-type lectin overexpressed in primary liver 
cancer. Eur J Biochem 1994; 224: 29-38.

[39] Ortiz EM, Dusetti NJ, Vasseur S, Malka D, 
Bodeker H, Dagorn JC, Iovanna JL. The pancre-
atitis-associated protein is induced by free 
radicals in AR4-2J cells and confers cell resis-
tance to apoptosis. Gastroenterology 1998; 
114: 808-16.

[40] Simon MT, Pauloin A, Normand G, Lieu HT, 
Mouly H, Pivert G, Carnot F, Tralhao JG, Brechot 
C, Christa L. REG3A stimulates liver regenera-
tion after partial hepatectomy and combines 
mitogenic and anti-apoptotic functions through 
the PKA signaling pathway. Faseb J 2003; 17: 
1441-50.

[41] Becker KF, Keller G, Hoefler H. The use of mo-
lecular biology in diagnosis and prognosis of 
gastric cancer. Surg Oncol 2000; 9: 5-11.

[42] Becker KF, Atkinson MJ, Reich U, Becker I, 
Nekarda H, Siewert JR, Hofler H. E-cadherin 
gene mutations provide clues to diffuse type 
gastric carcinomas. Cancer Res 1994; 54: 
3845-52.

[43] Akama Y, Yasui W, Yokozaki H, Kuniyasu H, 
Kitahara K, Ishikawa T, Tahara E. Frequent am-
plification of the cyclin E gene in human gastric 
carcinomas. Jpn J Cancer Res 1995; 86: 617-
21.


