
Summary. REIC is down-regulated in immortalized cell
lines compared with the parental normal counterparts,
and could inhibit colony formation, tumor growth and
induce apoptosis. Here, its expression was examined by
immunohistochemistry on tissue microarray containing
colorectal non-neoplastic mucosa (NNM), adenoma and
adenocarcinoma. Colorectal carcinoma tissue and cell
lines were studied for REIC expression or its secretory
level by Western blot, RT-PCR or enzyme-linked
immunosorbent assay (ELISA). The results
demonstrated that REIC was differentially expressed in
Colo201, Colo205, DLD-1, HCT-15, HCT-116, HT-29,
KM-12, SW480, SW620, and WiDr with its secretion
concentration less than 300 pg/mL. Carcinomas showed
statistically lower REIC expression than matched NNM
with no difference for protein content. Immunohisto-
chemically, REIC expression was significantly decreased
from NNM, adenoma to adenocarcinoma (p<0.05).
REIC expression was negatively correlated with depth of
invasion, TNM staging, dedifferentiation, Capase-3 and
nuclear inhibitor of growth 5 (ING5) expression
(p<0.05), while not with age, sex, tumor size, lymphatic
or venous invasion, or lymph node metastasis (p>0.05).
Kaplan-Meier analysis indicated that REIC expression
was not associated with the prognosis of colorectal
carcinomas (p>0.05). Cox’s analysis demonstrated that
lymphatic and venous invasion, lymph node metastasis,
and UICC staging were independent prognostic factors
for carcinoma (p<0.05). Our study indicated that down-
regulated REIC expression might play an important role
in colorectal adenoma- adenocarcinoma sequence and
subsequent progression. Aberrant REIC expression

might be employed as a good marker of pathogenesis
and development of colorectal carcinomas. 
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Introduction

Colorectal cancer is one of the most common
cancers in the world, accounting for nearly 10% of new
cases of all cancer. Japan has experienced a marked
increase in the incidence of colorectal cancer, and has
recently been listed in the group of countries with the
world's highest incidence rates (American Cancer
Society, 2005; Yoshida et al., 2007). Although
pathological and genetic observations demonstrated that
colorectal adenoma precedes the majority of
adenocarcinoma, the molecular mechanisms underlying
colorectal carcinogenesis are still poorly understood.

REIC (Reduced Expression in Immortalized Cells)
was isolated by the representational difference analysis
system and its expression is down-regulated in
immortalized cell lines compared with their parental
normal counterparts (Tsuji et al., 2000). A homology
search revealed that REIC is identical with the human
Dickkopf-3 (Dkk-3) according to its sequence homology
to the cysteine-rich Dickkopf family of secreted
canonical Wnt-inhibitors (Tsuji et al., 2000). Human
REIC cDNA encodes a secreted glycoprotein of 350
amino acids with four potential N-glycosylation sites
and includes an N- terminal signal peptide, two cysteine-
rich domains and two coiled-coil domain (Hsieh et al.,
2004). Secretory REIC protein may interact with the co-
receptor Lrp6 specifically to suppress Wnt signaling,
which plays an essential role in the early embryonic

The clinicopathological significance of 
REIC expression in colorectal carcinomas
Wei Wang1,5, Wan Zhu1, Xiao-yan Xu1, Xiao-cui Nie1, Xue Yang1, 
Ya-nan Xing2, Miao Yu2, Yun-peng Liu3, Yasuo Takano4 and Hua-chuan Zheng1
1Department of Biochemistry and Molecular Biology, 5Institute of Pathology and Pathophysiology, College of Basic Medicine, China
Medical University, Shenyang, China, 2Department of Surgical Oncology, The First Affiliated Hospital of China Medical University,
Shenyang, China, 3Department of Internal Oncology, The First Affiliated Hospital of China Medical University, Shenyang, China and
4Clinical Research Institute, Kanagawa Cancer Center, Yokohama, Japan

Histol Histopathol (2012) 27: 735-743

Offprint requests to: Dr. Hua-chuan Zheng, Department of Biochemistry and
Molecular Biology, College of Basic Medicine, China Medical University,
Shenyang 110001, China. e-mail: zheng_huachuan@hotmail.com

DOI: 10.14670/HH-27.735

http://www.hh.um.es

Histology and
Histopathology
Cellular and Molecular Biology



development and tumor development (Amit et al., 2002;
Abarzua et al., 2005). In vitro evidence demonstrates
that REIC could inhibit colony formation, tumor growth,
induce apoptosis and sensitize its drug resistance against
doxorubicin by c-Jun-NH2-kinase activation,
mitochondrial translocation of Bax, or reduction of Bcl-2
(Abarzua et al., 2005). Recently, it was reported that
REIC/Dkk-3-induced JNK activation was largely
mediated through endoplasmic reticulum stress and
mitochondrial pathways (Hsieh et al., 2004; Abarzua et
al., 2005, 2007, 2008; Tanimoto et al., 2010). Ectopic
REIC expression induced apoptosis and ß-catenin
degradation by binding to protoesome ßTrCP subunit,
inhibited TCF-4 activity and expression of TCF-4
targets(c-Myc and cyclin D1), and blocked the nuclear
translocation of ß-catenin, resulting in downregulation of
its downstream targets (VEGF and cylcin D) (Yue et al.,
2008; Lee et al. 2009). 

Immunostaining results indicated that REIC protein
existed in various normal human tissues, such as brain,
heart, liver, pancreas, kidney, mammary gland and
lymph node (Kobayashi et al., 2002). However, REIC
expression was down-regulated not only in the tumor-
derived cell lines, but also in different types of human
cancers, including hepatoma, seminoma, renal clear cell
carcinoma, prostate cancer and non-small cell lung
cancer (Nozaki et al., 2001; Tsuji et al., 2001; Hsieh et
al., 2004; Kurose et al., 2004; Abarzua et al., 2005; Qin
et al., 2006; Tanimoto et al., 2007). Several lines of
evidence suggest that REIC down-regulation in cancers
is caused by promoter methylation (Ding et al., 2009; Yu
et al., 2009; Veeck et al., 2009; Yang et al., 2010). Most
noteworthy, REIC methylation was significantly
correlated with a poor prognosis of gastric and breast
carcinoma (Yu et al., 2009; Veeck et al., 2009). Ad-REIC
treatment inhibited prostate cancer growth and lymph
node metastasis, and prolonged mice survival by
intratumoral apoptosis induction and in vitro suppression
of cell invasion/migration with reduced matrix
metalloprotease-2 activity (Edamura et al., 2007).
Although it was reported that REIC protein expression in
colorectal carcinoma had potential as a marker for
neoangiogenesis (Zitt et al., 2008), there was no REIC
immunoreactivity observed in carcinoma cells. To
clarify the roles of REIC expression in colorectal
carcinogenesis and subsequent progression, we
examined the expression of REIC mRNA and protein in
colorectal non-neoplastic mucosa, adenoma,
adenocarcinoma, and compared it with clinico-
pathological parameters of colorectal carcinomas
(CRCs).
Materials and methods

Cell culture

Colorectal carcinoma cell lines were kindly
presented by Prof. Sugiyama, Department of
Gastroenterology, Graduate School of Medical and

Pharmaceutical Sciences, University of Toyama, Japan
and Prof. Miyagi, Clinical Research Institute, Kanagawa
Cancer Center, Japan. They were maintained in RPMI
1640 (Colo201, Colo205, DLD-1. HCT-15, HCT-116,
HT-29, KM-12, SW480 and SW620) and DMEM
(WiDr) medium supplemented with 10% fetal bovine
serum, 100 units/mL penicillin, and 100 µg/mL
streptomycin in a humidified atmosphere of 5% CO2 at37°C. For ELISA, the cells were subjected to serum-free
culture after attachment.
Subjects

CRCs (n=325) and adjacent non-neoplastic mucosa
(NNM, n=330) were collected from surgical resection,
and adenoma (n=98) from endoscopic biopsy or
polypectomy in the Affiliated Hospital, University of
Toyama (Japan), and Kouseiren Takaoka Hospital
(Japan) between 1993 and 2002. The patients with CRC
were 182 men and 143 women (18~90 years, mean=68.7
years). Among them, 130 cases were accompanied with
lymph node metastasis. Twenty cases of CRCs and
paired NNM were collected from the First Affiliated
Hospital of China Medical University (China) and
frozen in -80°C until protein extraction by
homogenization in RIPA buffer. None of the patients
underwent chemotherapy, radiotherapy or adjuvant
before surgery. They and their relatives provided consent
for use of tumor tissue for clinical research and the
Ethical Committee of University of Toyama and China
Medical University approved the research protocol. We
followed up the patients by consulting their case
documents or by telephone.
Pathology and tissue microarray (TMA)

All tissues were fixed in 10% neutral formalin,
embedded in paraffin and cut into 4 µm sections. These
sections were stained by hematoxylin-and-eosin (HE) to
confirm their histological characteristics. The staging for
each colorectal carcinoma was evaluated according to
the Union Internationale Contre le Cancer (UICC)
system (Sobin and Wittekind, 2000). Histological
architecture of CRCs was expressed in terms of the
WHO classification (Hamilton and Aaltonen, 2000).
Furthermore, tumor size, depth of invasion, lymphatic
and venous invasion were determined.

Representative areas of solid tumors were identified
in HE-stained sections of the selected tumor cases and a
four mm-in-diameter tissue core per donor block was
punched out and transferred to a recipient block with a
maximum of 24 cores using a Tissue Microarrayer
(AZUMAYA KIN-1, Japan).
RT-PCR

Total RNA was extracted from colorectal carcinoma
cell or tissues using QIAGEN RNeasy mini kit
(QIAGEN). Two micrograms of total RNA were
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subjected to cDNA synthesis using the AMV
transcriptase and random primer (Takara, Japan).
According to the Genbank, oligonucleotide primers were
forward: 5’-ACAGCCACAGCCT GGTGTA-3’ and
backward 5’- CCTCCATGAAGCTGCCAAC-3’ for
REIC (120bp). The primers for an internal control,
GAPDH, were forward: 5’- CAATGACCCCTTCA
TTGACC -3’ and reverse: 5’- TGGAAGATGGTGAT
GGGATT -3’ (135bp). General PCR amplification of
cDNA was performed in 25 µL mixtures using Pfu
(Stratagene, USA) and the amplicons were electro-
phoresized in 1% or 2% agarose gel for 30 minutes.
Real-time PCR was performed according to the protocol
of SYBR Premix Ex Taq™ II kit. 
Western blot

Protein assay was performed using Biorad protein
assay kit. The denatured protein was separated on an
SDS-polyacrylamide gel (10% acrylamide) and
transferred to Hybond membrane (Amersham,
Germany), which was then blocked overnight in 5%
milk with TBST. For immunobloting, the membrane was
incubated for 1 hour with goat anti-REIC antibody
(R&D Systems, USA; 1:500) or mouse anti-ß-actin
(Santa Cruz, USA; 1:1000). Then, it was rinsed by
TBST and incubated with anti-goat or anti-mouse IgG
conjugated to horseradish peroxidase (DAKO, USA,
1:1000) for 1 hour. Bands were visualized by ECL-Plus
detection reagents (Santa Cruz).
ELISA

To measure the serum or supernatant REIC
concentration, a sandwich ELISA was carried out using
REIC ELISA kit (R&D Systems, DY1118) according to
protocol. Absorbance was measured at 540 nm with a

reference standard of human recombinant REIC (0.02-
1.2 ng/mL). All the standard and serum samples were
tested in triplicate.
Immunohistochemistry

Immunohistochemistry was performed according to
the procedures recommended by Kumada et al. (2004).
Goat anti-REIC antibody (R&D, USA; 1:50), rabbit anti-
Capase-3 (DAKO, USA; 1:100) or rabbit anti-ING5
(Protech, USA; 1:50) were employed as the primary
antibody. Then anti-goat or anti-rabbit Envison-PO
(DAKO; 1:100) antibody was subjected to incubation as
the secondary antibody. Binding sites were visualized
with 3, 3'-diaminobenzidine, followed by counter-
staining with Mayer’s hematoxylin. Immunoreactivity
for REIC and Caspase-3 was localized in the cytoplasm,
whereas ING5 was in the nucleus (Fig. 4). One hundred
cells were randomly selected and counted from 5
representative fields of each section blindly by
independent observers (Wang and Zheng). The positive
percentage of counted cells was graded semi-
quantitatively according to a four-tier scoring system:
negative (-), 0~5%; weakly positive (+), 6~25%;
moderately positive (++), 26~50%; and strongly positive
(+++), 51~ 100%.
Statistical analysis

Statistical evaluation was performed using Spearman
correlation test to analyze the rank data, and Mann-
Whitney U to differentiate the means of different groups.
Kaplan-Meier survival plots were generated and
comparisons were made with the log-rank statistic.
Cox’s proportional hazards model was employed for
multivariate analysis. p<0.05 was considered as
statistically significant. SPSS 10.0 software was
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Fig. 1. REIC mRNA expression and secreted REIC level in
colorectal carcinoma cell lines. A. Distinct expression of
REIC mRNA (120bp) was detected and showed consistent
density in all colorectal carcinoma cell lines with an internal
control of GADPH (135bp). Lane #1: Colo201; Lane #2:
Colo205; Lane #3: DLD-1; Lane #4: HCT-15; Lane #5: HCT-
116; Lane #6: HT-29; Lane #7: KM-12; Lane #8: SW480;
Lane #9: SW620; Lane #10: WiDr. B. Secretory REIC levels
in colorectal carcinoma cell lines.



employed to analyze all data. 
Results

REIC expression in colorectal carcinoma cells and tissue

As shown in Fig. 1, REIC mRNA was strongly
expressed in Colo201, DLD-1, HCT-116 and HT-29,
while comparatively weak expression was observed in
Colo205, HCT-15, KM-12, SW480, SW620 and WiDr.
The secretion level of REIC was less than 300 pg/mL in
all the cells. Among frozen cases, REIC mRNA
expression was significantly lower in CRC and paired

NNM by real-time PCR (p<0.05, Fig. 2). REIC
expression was detectable in all samples, but there was
no difference in REIC expression between carcinoma
and matched NNM (p<0.05, Fig. 3).

REIC expression distributed to the cytoplasm of
colorectal NNM, adenoma, carcinoma and infiltrating
macrophages (Fig. 4). Overall, REIC expression was
detected in 98.5% of NNMs (325/330), 83 out of 98
adenomas (84.7%), and 97 out of total 325 carcinomas
(29.9%). Combined with the intensity and frequencies,
REIC expression showed a remarkable decrease from
colorectal NNM to carcinoma through adenoma
(p<0.001, Table 1)
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Fig. 2. REIC mRNA expression in colorectal carcinoma and matched mucosa by real-time RT-PCR. REIC mRNA expression level was lower in
colorectal carcinoma than paired mucosa by real-time RT-PCR

Fig. 3. REIC expression in colorectal carcinoma and matched mucosa by
Western blot Tissue lysate was loaded and probed with anti-REIC antibody
(38kDa) with ß-actin (42kDa) as an internal control. N: non-neoplastic
mucosa; C: carcinoma. Densitometry analysis of REIC bands by Western blot
showed no difference in the REIC protein expression level between colorectal
carcinoma than paired non-neoplastic mucosa (p>0.05)



REIC expression and its correlation with clinico-
pathological parameters of CRCs

As summarized in Table 2, REIC expression was

negatively correlated with depth of invasion, TNM
staging, dedifferentiation, Capase-3 and nuclear ING5
expression (p<0.05), while not with age, sex, tumor size,
lymphatic or venous invasion, or lymph node metastasis
of CRCs (p>0.05). Follow-up information was available
on 278 patients with colorectal carcinoma and period
ranged from 0.9 months to 12.1 years (median=66.2
months). Kaplan-Meier analysis indicated that there was
no significant difference between cumulative survival
rate of the patients with weak, moderate or strong REIC
expression and without expression (p>0.05, Fig.5).
Cox’s analysis demonstrated that, lymphatic and venous
invasion, lymph node metastasis, and UICC
staging(p<0.05), but not age, sex, tumor size, depth of
invasion, differentiation degree and REIC expression
were independent prognostic factors for overall CRCs
(p>0.05, Table 3). 
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Fig. 4. Immunostaining examination in colorectal lesions. REIC immunoreactivity was detectable in colorectal mucosa (A, B), adenoma (C, D),
carcinoma (E-G), and infiltrating macrophages (B). Capase-3 protein was localized in the cytoplasm of colorectal carcinoma (H), whereas ING5 was
detected in the nucleus (I).

Table 1. REIC expression in colorectal adenoma-adenocarcinoma
sequence.

Groups REIC expression
n - + ++ +++ PR (%)

Non-neoplastic mucosa 330 5 112 172 41 98.5
Adenoma 98 15 53 27 3 84.7*
Adenocarcinomas 325 228 52 31 14 29.9**

PR: positive rate; *: compared with non-neoplastic mucosa, p<0.001; 
**: compared with non-neoplastic mucosa or adenoma, p<0.001



Discussion

Here, it was found that REIC mRNA expression was
lower in carcinoma than matched NNM. Immunohisto-
chemically, there was a significant decrease in REIC
expression from NNM, adenoma and adenocarcinoma,
in line with the reports about cervical, lung and renal
clear cell carcinoma (Tsuji et al., 2001; Kurose et al.,
2004; Lee et al., 2009). These findings suggested that
down-regulated REIC expression might be involved in
colorectal carcinogenesis and be considered as an early
event in colorectal adenoma- adenocarcinoma sequence.
According to the literature, REIC is frequently
suppressed by promoter hypermethylation in various
malignancies, including bladder, gastric and colorectal
carcinomas (Urakami et al., 2006; Sato et al., 2007; Yu

et al., 2009). It was speculated that down-regulated
REIC expression is possibly due to its promoter
methylation, which needed further confirmation. In
addition, we failed to find significant difference of REIC
expression between carcinoma and matched NNM,
although all frozen samples showed REIC expression by
Western blot. According to our observation, REIC
expression was also expressed in infiltrating
inflammatory and endothelial cells, cancer and stromal
cells, which are discriminated by virtue of their specific
histomorphological features and topographic location in
the tissue section under the microscope, but not by
Western blot. Furthermore, secretory REIC level was
less then 300 pg/mL in all carcinoma cells with distinct
REIC mRNA expression, which provided an evidence to
investigate the effects of ectopic REIC expression 
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Table 2. Relationship between REIC expression and clinicopathological parameters of colorectal carcinomas.

Clinicopathological features n REIC expression
- + ++ +++ PR (%) Rs p

Age (years) -0.047 0.4039
<65 123 84 17 17 5 31.7 
≥65 200 143 35 13 9 28.5 

Sex 0.017 0.7550
Male 182 129 28 18 7 29.1 
Female 143 99 24 13 7 30.8 

Tumor size (cm) -0.021 0.7091
≤5 214 148 38 23 5 30.8 
>5 110 80 14 8 8 27.3 

Depth of invasion -0.113 0.0421
Tis-T1 27 15 5 5 2 44.4 
T2-T4 294 213 46 26 9 27.6 

Lymphatic invasion -0.012 0.8267
- 225 159 35 23 8 29.3 
+ 91 65 16 6 4 28.6 

Veinous invasion -0.074 0.1901
- 270 188 44 27 11 30.4 
+ 46 36 7 2 1 21.7 

Lymph node metastasis -0.105 0.0613
- 190 127 33 21 9 33.2 
+ 130 99 18 10 3 23.8 

TNM staging -0.123 0.0433
I-II 68 41 12 13 2 39.7 
II-IV 201 146 32 15 8 27.4 

Differentiation degree -0.117 0.0352
Well 163 106 28 22 7 35.0 
Moderately-poorly 162 122 24 9 7 24.7 

Caspase-3 expression -0.118 0.0350
- 193 128 35 19 11 33.7 
+~+++ 128 99 15 11 3 22.7 

Nuclear ING5 expression 0.119 0.0429
- 108 84 15 7 2 22.2 
+~+++ 184 124 31 20 9 32.6 

Rs: Spearman correlation co-efficient; PR: positive rate; Tis: carcinoma in situ; T1: involvement of the lamina propria and submucosa; T2: muscularis
propria and subserosa; T3: serosa; T4: invasion through the serosa; UICC: Union Internationale Contre le Cancer



and recombinant REIC on colorectal carcinoma 
cells. 

In the present study, it was found that REIC
expression was inversely linked to depth of invasion,
TNM staging, and dedifferentiation, indicating that
REIC expression might be involved in progression and
differentiation of CRCs. Edamura et al. (2007) found
that Ad-REIC gene delivery can suppress the growth,
invasion and metastasis of prostate cancer. Stable Dkk-3
transfected cell lines of malignant melanoma revealed
that Dkk-3 expression increased cell-cell adhesion and
decreased cell migration. Transduction of Dkk-3/REIC
into HeLa and Hep3B cells caused suppression on
colony formation in vitro and reduced tumor growth rate
in inoculated athymic nude mice (Hsieh et al., 2004).
Notably, tube formation in matrigel of endothelial cells
was decreased after down- regulation of REIC and stable
overexpression of murine Dkk-3 in B16F10 cells
significantly increased microvessel density in the
C57/BL6 melanoma model, suggesting a novel function
of Dkk-3 in endothelial cells as a differentiation factor
involved in remodeling the tumor vasculature
(Untergasser et al., 2008). Taken together, we believe
that down-regulated REIC expression might contribute
the development of CRCs. However, we should pay
attention to the promoting effects of REIC on
angiogenesis if REIC were employed as a molecular
target for gene therapy for invasion and metastasis of
carcinomas. 

Additionally, the positive correlation between REIC
and Caspase-3 expression was found in CRCs. It was the
same for REIC and ING5, which can inhibit cell growth
and induce apoptosis as a tumor suppressor protein

(Xing et al., 2011; Zheng et al., 2011). It was
documented that REIC could induce apoptosis by c-Jun-
NH2- kinase activation, mitochondrial translocation ofBax, reduction of Bcl-2 or JNK activation. Caspase-3 is
responsible for the cleavage of poly (ADP-ribose)
polymerase, actin and sterol regulatory element binding
protein and could reflect the apoptotic level in some
sense as a key protease in a cascade reaction of the
apoptotic pathway (Zheng et al., 2003). These results
suggested that REIC might be involved in apoptosis by
up-regulating Caspase-3 expression in CRCs. In
addition, the concordant expression of REIC and ING5
also might be due to their dysregulated expression in
CRCs. The negative relationship between REIC
expression and tumrogenesis or aggressive behaviors of
carcinoma might be closely linked to its apoptosis-
induced effects, evidenced by the aberrant expression of
some apoptosis- related proteins. 

Although REIC expression was reported to correlate
with favorable prognosis, it was not associated with
cumulative survival rate of the patients with CRC. In
contrast, some investigators reported that REIC
expression in the tumor endothelium was an independent
favorable marker for the patients with pancreatic or
gastric carcinoma (Fong et al., 2009; Mühlmann et al.,
2010). Various evidences indicated that REIC
methylation was negatively linked with poor prognosis
of malignancies (Yu et al., 2009; Veeck et al., 2009;
Urakami et al., 2006). Furthermore, deletion at REIC
locus showed a favorable overall survival of head and
neck squamous cell carcinoma compared to REIC
retention (Katase et al., 2008). In our study, Cox’ s
analysis demonstrated lymphatic and venous invasion,
lymph node metastasis and UICC staging were
independent factors for the prognosis of patients with
CRCs.

In conclusion, down-regulated expression of REIC
might play some role in tumorigenesis and development
of CRCs, possibly via regulating the expression of
Capase-3 and ING5. It might be considered a good
maker to indicate the aggressiveness of CRCs. 
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Fig. 5. Correlation between REIC expression status and prognosis of
colorectal carcinoma patients. Kaplan-Meier curves for cumulative
survival rate of patients with colorectal carcinomas according to REIC
expression status.

Table 3. Multivariate analysis of clinical variables for colorectal
carcinomas.

Clinicopathological parameters Relative risk (95%CI) p value

Age (≥65 years) 1.462(0.924-2.312) 0.1046
Sex (female) 1.102(0.706-1.719) 0.6701
Tumor size (≥5 cm) 0.916(0.584-1.437) 0.7038
Depth of invasion (T2–4) 2.974(0.393-22.482) 0.2909
Lymphatic invasion (+) 1.720(1.073-2.756) 0.0241
Venous invasion (+) 2.377(1.336-4.229) 0.0032
Lymph node metastasis (+) 2.545(1.580-4.099) 0.0001
UICC staging (II-IV) 2.178(1.086-4.369) 0.0283
Differentiation(moderately-poorly) 1.106(0.675-1.666) 0.8002
REIC expression (+~+++) 1.171(0.716-1.914) 0.5304

CI: confidence interval; UICC: Union Internationale Contre le Cancer
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