
Summary. REIC (Reduced Expression in Immortalized
Cells) gene is down-regulated in immortalized cells,
compared with the normal parental counterparts. Its
encoding protein could inhibit colony formation, tumor
growth, and induce apoptosis. To investigate the roles of
REIC expression in lung cancer, we examined REIC
expression in lung cancer cells and tissues by RT-PCR or
Western blot, and observed the effects of both
recombinant REIC exposure and REIC overexpression
on the aggressive phenotypes of lung cancer cells. It was
found that the demethylation of REIC promoter by 5-
Aza-dC could reserve its mRNA expression in lung
cancer cells (P<0.05). There was a lower REIC mRNA
expression in lung cancer than that in matched normal
tissue (P<0.05). Recombinant REIC treatment enhanced
the proliferation of lung cancer cells (P<0.05), but versa
for REIC overexpression (P<0.05). Both recombinant
REIC treatment and REIC overexpression induced
apoptosis, and inhibited the migration and invasion of
SQ-5 and KJ cells (P<0.05). Immunohistochemically,
there was a positive correlation between REIC and
Caspase-3 expression in lung cancer (P<0.05).
According to Kaplan-Meier plotter, REIC mRNA
overexpression was found to positively correlate with
overall, progression-free and post- progression survival
rates of lung cancer patients (P<0.05), even stratified by
sex, histological subtyping, grading, TNM staging,
chemotherapy, radiotherapy, or smoking. These findings
suggested that down-regulated REIC expression might

be involved in lung carcinogenesis due to its promoter
methylation. Both recombinant REIC exposure and
REIC overexpression might reverse the aggressive
phenotypes of lung cancer cells. REIC may be employed
as a potential target of gene therapy for lung cancer. 
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Introduction

REIC (Reduced Expression in Immortalized Cells) is
isolated by the representational difference display PCR.
Its lower expression is detectable in immortalized cells
than the normal parental counterparts (Tsuji et al., 2000).
A homology search reveals that REIC is identical to the
human Dickkopf-3 (Dkk-3). Its alternative splicing
produces multiple transcript variants, which encode the
same protein. REIC cDNA encodes a secretory
glycoprotein with four potential N-glycosylation sites,
one N-terminal signal peptide, two cysteine-rich
domains and two coil-coil domains (Hsieh et al., 2004).
Secretory REIC (sREIC) protein may play an essential
role in tumor and embryonic development via the
specific interaction with the co-receptor Lrp6 and the
suppression of Wnt pathway (Amit et al., 2002; Abarzua
et al., 2005). In vitro evidences demonstrate that
cytosolic REIC (cREIC) can inhibit colony formation,
tumor growth, induce apoptosis, and sensitize the drug
resistance to doxorubicin by c-jun-NH2-kinase (JNK)
activation, mitochondrial translocation of Bax, and
down-regulation of Bcl-2 expression (Abarzua et al.,
2008). Recently, REIC-induced JNK activation was
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reported to result from endoplasmic reticulum stress and
mitochondrial pathways (Abarzua et al., 2005, 2007,
2008; Tanimoto et al., 2010). cREIC protein might bind
to proteasomal β-TrCP for REIC degradation, which
blocks nuclear translocation of β-catenin, and suppresses
TCF-4 activity and the expression of its targets (e.g. c-
myc and cyclin D1) (Yue et al., 2008). REIC-
overexpressing cells showed a slow tumor growth by
inducing interleukin-7 secretion, and enhancing
differentiation-1 promoter activity via its interaction
with activating transcription factor 3 and Smad
(Kashiwakura et al., 2008; Sakaguchi et al., 2009). The
ad-REIC inhibited the growth and lymph node
metastasis of prostate cancer cells, and prolonged mice
survival by the apoptotic induction and the suppression
of cell invasion with reduced MMP-2 activity (Edamura
et al., 2007). miR-25 and miR-92b overexpression
markedly increased cell invasion and proliferation of
both melanoma and glioma cells by targeting REIC
respectively (Li et al., 2013; Huo et al., 2016).

REIC expression was reported to down-regulate not
only in a variety of cancer cells, but also in thyroid
cancer, hepatocellular carcinoma, seminoma, renal clear
cell carcinoma, prostate cancer and non-small cell lung
cancer tissues due to its promoter methylation (Nozaki et
al., 2001; Tsuji et al., 2001; Kurose et al., 2004;
Tanimoto et al., 2007; Ding et al., 2009; Veeck et al.,
2009; Yu et al., 2009; Yang et al., 2010; Yin et al., 2013).
Previously, we demonstrated that REIC expression was
negatively correlated with the tumor size, depth of
invasion, lymph node metastasis or TNM staging of
gastric cancer (Xu et al., 2012) or colorectal cancer
(Wang et al., 2012). Both REIC overexpression and
recombinant REIC treatment can reverse the aggressive
phenotypes of gastric cancer and squamous cell
carcinoma cells (Xu et al., 2012; Shin et al., 2016). In
pancreatic cancer cells, Guo and Qin (2015) found that
REIC overexpression inhibited nuclear translocation of
β-catenin, suppressed the stem cell-like phenotypes in
hypoxic conditions, sensitized the response to
gemcitabine, delayed tumor growth, and augmented
therapeutic effects of gemcitabine in an xeno-
transplantation model. In the present study, REIC
expression was examined in lung cancer cells or tissues,
and compared with the clinicopathological parameters of
lung cancer. Additionally, we for the first time observed
the effects of both REIC overexpression and
recombinant REIC treatment on the proliferation, cell
cycle, apoptosis, migration and invasion of lung
adenocarcinoma and squamous cells. REIC mRNA was
found to positively associate with the favorable
prognosis of the patients with lung cancer, even stratified
by clinicopathological parameters. 
Materials and methods

Cell lines and culture

Lung cancer cell lines, SQ-5 (squamous cell

carcinoma), AoI (adenosquamous carcinoma), KJ and
PC-14 (adenocarcinoma), H460 (large cell carcinoma)
and H446 (small cell carcinoma), came from Japanese
Physical and Chemical Institute. Human bronchial
epithelial cells (HBE) were purchased from ATCC cell
bank. They were maintained in DMED (HBE), RPMI
1640 (KJ, PC-14, SQ-5, H460 and H446), and MEM
(AoI) medium supplemented with 10% fetal bovine
serum (FBS), 100 units/ml penicillin, and 100 μg/mL
streptomycin in a humidified atmosphere of 5% CO2 at
37°C. To demethylate the genomic DNA, cells were
treated with 10 mM 5-Aza-20- deoxycytidine (5-Aza-
dC, Sigma) for 72h. KJ and SQ-5 cells were treated with
recombinant REIC (R&D) or transiently transfected with
pcDNA3.1-REIC (kindly presented by Yoshifumi
Mizobuchi, University of Tokushima, full-length and
wild-type). The pcDNA3.1 vector was also transfected
into both lung cancer cells as mock. 
Immunofluorescence 

Cells were grown on glass coverslide, washed with
PBS, fixed with 4% formaldehyde for 10 min, and
permeabilized with 0.2% Triton X-100 in PBS for 10
min. After washing with PBS, cells were incubated
overnight with goat anti-REIC (R&D), washed with
PBS, and incubated with anti-goat IgG-FITC (Santa
Cruz). Nuclei were stained with 1 μg/mL DAPI (Sigma)
for 15 min. Finally, slides were mounted with
SlowFade® Gold anti-fade reagent (Invitrogen) and
observed under a Laser Confocal Microscope.
Proliferation assay

Cell counting kit-8 (CCK-8, Japan) was used to
measure the cell viability. Briefly, cells were seeded on
96-well plate. At different time points, 10 μL of CCK-8
solution was added into each well of the plate. After 3 h
incubation, the plate was measured at 450 nm using
automatic microplate reader.
Cell cycle analysis

Cells were collected, washed by PBS and fixed in
cold 10 mL 70% ethanol for 4 h. To remove RNA
contamination, cells were washed by PBS and incubated
with RNase at 37°C for 1 h. The tube with cells was
added with PI to 50 µg/mL. After incubation at 4°C in
the dark for 30 min, flow cytometry was employed to
examine the PI signal. 
IdU/CldU-staining procedure for detection of DNA
replication 

DNA replication was visualized by incorporation of
chlorodeoxyuridine (CldU) and iododeoxyuridine (IdU).
In brief, cells were labeled with 10 μM CldU for 1 h and
then 10 μM IdU (Chemos GmbH) for 1h. Primary anti-
CldU (Abcam) and then anti-rat Alexafluor 488-
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conjugated (Invitrogen) antibodies were added to the
slides for 1 h incubated respectively. After that, primary
mouse anti-IdU (Sigma) and then anti-mouse Alexafluor
594-conjugated (Invitrogen) antibodies were added to
the slides for 1 h incubation respectively. Images were
visualized with a Laser Confocal Microscope.
Apoptosis assay

Flow cytometry was performed with PI and FITC-
labeled Annexin V (BD Pharmingen, USA) to detect
phosphatidylserine externalization as an indicator of
apoptosis. Cells were collected and washed with PBS. 5
μL FITC-labeled Annexin V and 5 μL PI were added to
490 μL of cell suspension and mixed gently. After
incubation for 15 min in the dark, the cells were
analyzed by flow cytometry. 
Mitochondrial membrane potential 

The mitochondrial membrane potential was
measured according to the protocol of JC-1
Mitochondrial Membrane Potential Assay Kit. Briefly,
cells were stained by JC-1(100 μL/mL) for 30 min to
observe JC-1 monomer (green inside mitochondria) and
JC-1 aggregates (red outside mitochondria). The stained
cells were harvested and observed under fluorescence
microscopy. 
Cell migration and invasion assay

For migration assay, cells were resuspended in
serum-free medium, and seeded in the control-
membrane insert on the top portion of the chamber (BD
Bioscience). The lower compartment of the chamber
contained 10% FBS as a chemoattractant. After
incubation for 24 h, cells on the membrane were
scrubbed, washed with PBS, fixed in 100% methanol,
and stained with Giemsa dye. For invasive assay, the
procedures were the same as above excluding the
matrigel-coated insert (BD Bioscience).
Subjects

Lung cancers (n=145) were collected from the
Affiliated Hospital, University of Toyama (Japan) from
1993 to 2006, including 99 men and 46 women (40-85
years, mean=69.4 years). Among them, 50 cases were
accompanied by lymph node metastasis. Eighteen cases
of lung cancer and paired normal tissue were collected
from Shengjing Hospital of China Medical University,
and frozen in -80°C until protein or RNA extraction.
None of the patients underwent chemotherapy,
radiotherapy or adjuvant treatment before surgery. The
patients provided written consent for use of tumor tissue
for clinical research. The Ethical Committee of both
hospitals approved the sample collection and research
protocol. We followed up 136 patients by consulting
their case documents and calling. 

Pathology and tissue microarray (TMA)

All tissues were fixed in 4% neutralized
formaldehyde, embedded in paraffin, cut into 4-μm
sections, and stained with hematoxylin-and-eosin
(H&E). The histological diagnosis was performed
according to World Health Organization criteria (Travis
et al., 2004). The clinicopathological staging was
evaluated according to Union Internationale Contre le
Cancer (UICC) system (Sobin and Wittekind, 2002).
Elastic-van Gieson (EvG) staining and D2-40
immunostaining were employed to determine the venous
and lymphatic invasion respectively. Either 2mm-in-
diameter or 4 mm-in-diameter tissue cores per donor
block were punched off and transferred to a recipient
block carrying a maximum of 48 or 24 cores using a
Tissue Microarrayer (AZUMAYA KIN-1, Tokyo, Japan)
under the guidance of HE-stained slides.
Western blot 

The protein was extracted, measured, denatured,
separated on an SDS- polyacrylamide gel (10%
acrylamide) and transferred to Hybond membrane. The
membrane was then blocked overnight in 5% milk in
TBST. For immunobloting, the membrane was incubated
for 1 h with goat anti-REIC (R&D system, USA) or
mouse anti-His (Santa Cruz) antibody. After that,
membrane was rinsed by TBST and incubated with anti-
goat or anti-mouse IgG conjugated to horseradish
peroxidase (DAKO, USA, 1:1000) for 1 h. Bands were
visualized by ECL-Plus detection reagents (Amersham,
Germany). Finally, membrane was washed with WB
Stripping Solution (pH2-3, Nacalai, Japan) and treated
as described above except mouse anti-β-actin (Santa
Cruz, USA) antibody as an internal control.
RT-PCR

Total RNA was extracted from lung cancer, paired
normal tissue and lung cancer cells using QIAGEN
RNeasy mini kit (Hilden, Germany). Two micrograms of
total RNA were subjected to cDNA synthesis using
AMV reverse transcriptase and random primer (Takara,
Otsu, Japan). According to Genbank, oligonucleotide
primers were forward: 5’-ACAGCCACAGCCGGT
GTA- 3’ and reverse: 5’-CCTCCATGAAGCTGCCAA
C-3’ for REIC (120bp). The primers were forward: 5’-
CAATGACCCCTTCATTGACC-3’ and reverse: 5’-
TGGAAGATGGTGATGGGATT-3’ (135bp) for
GAPDH. The primers were forward: 5’-GCCAATGG
TGCGGATTA-3’ and reverse: 5’-GGATGCTGGAA
AGTCTCGT-3’ for Kremen1 (Krm1, 92bp); forward: 5’-
GCTACCTGGG ATGCTTTGTGG-3’ and reverse: 5’-
GGACCGTGAGCTTCGTGGA-3’ for Kremen2 (Krm2,
81bp). PCR amplification of cDNA was performed in 25
µL mixture using Hotstart Taq™ polymerase (Takara).
Finally, the amplicons were subjected to electrophoresis
in 1.5% agarose gel for 30 min. The densitometry
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quantification of REIC cDNA amplification in lung
samples was performed with a comparison of GAPDH
using Scion Image software. Real-time PCR was
performed according to the protocol of SYBR Premix Ex
Taq™ II kit (Takara). 
Methylation-specific PCR (MSP)

DNA was extracted from cell pellets using QIAamp
DNA Mini kit (QIAGEN), and modified chemically with
sodium metabisulphite. The bisulfite-modified DNA was
amplified by using primer pairs that specifically amplify
either methylated or unmethylated sequences of REIC as
previously described (Yu et al., 2009). 
Immunohistochemistry 

Consecutive sections were deparaffinized,
rehydrated and subjected to antigen retrieval by
irradiation in target retrieval solution (DAKO,
Carpinteria, USA) for 15min with microwave oven. 5%
bovine serum albumin was applied to prevent non-
specific binding, and 3% H2O2 to block endogenous
peroxidase. The sections were incubated with rabbit anti-
REIC N-terminal antibody (Abgent, USA; 1:100) for 15
min, and then treated with the anti-rabbit Envison-PO
(DAKO) antibody for 15 min. All the incubations were
performed in a microwave oven to allow intermittent
irradiation as previously described (Kumada et al.,
2004). After each treatment, the slides were washed with
TBST three times. REIC antibody blocking peptide
(Abgent) was used to control the immunostaining
quality. Omission of the primary antibody was
considered as a negative control. For evaluation, one
hundred cells were randomly selected and counted from

5 representative fields. The positive percentage of
counted cells was graded semi-quantitatively with a
four-scale scheme: negative (-), less than 5%; weakly
positive (+), 6-25%; moderately positive (++), 26-50%;
and strongly positive (+++), more than 51%.
Bioinformatics analysis

The prognostic significance of REIC mRNA was
analyzed using Kaplan-Meier plotter (http://kmplot.
com). The relationship between REIC mRNA and
overall, progression-free or post- progression survival
rate was analyzed, even stratified by clinicopathological
parameters. 

Statistical analysis 

Statistical evaluation was performed using Spearman
correlation test to analyze the rank data and student t test
to compare the means of different groups. Kaplan-Meier
survival plots were generated, and comparison between
survival curves was made with the log-rank statistic.
P<0.05 was considered as statistically significant. SPSS
10.0 software was employed to analyze all data.
Results

The effects of both recombinant REIC treatment and
REIC overexpression on the phenotypes of lung cancer
cells 

As shown in Fig. 1A, REIC mRNA was highly
detected in HBE and SQ-5 cells, but lowly in AoI, PC-
14, H466, KJ and H460 cells according to the data of
RT-PCR (Fig. 1A). However, there was no mRNA
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Fig. 1. The expression and promoter methylation of REIC in lung cancer cells. REIC mRNA expression was screened by real-time RT-PCR (A). After
being treated with 5-Aza-dC, H460, H446, SQ-5 and KJ cells showed a higher expression of REIC mRNA than the control by real-time RT-PCR with
REIC methylation disappearing (B). A, 5-Aza-dC; M, methylation; U, unmethylation. *, P<0.05, compared with 5-Aza-dC treatment group. 
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Fig. 2. The effects of recombinant REIC protein on the cellular phenotypes of lung cancer cells. The treatment with recombinant REIC enhanced the
proliferation level, evidenced by CCK-8 (A), G2 portion by PI staining (B), and apoptotic level by Annexin V assay (C), while it decreased their
mitochondrial membrane potential by JC-1 staining (D), and the ability to migrate and invade by transwell chamber assay (E) in KJ and SQ-5 cells.
Results are representative of 3 different experiments, and the data are expressed as mean ±standard deviation with the control as “1”. *, P<0.05,
compared with REIC treament group.
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Fig. 3. The effects of REIC overexpression on the cellular phenotypes of lung cancer cells. After transfection of pcDNA3.1-REIC, REIC expression
became strong in SQ-5 and KJ cells by immunofluorescence (A), real-time (B) or general (C) RT-PCR and Western blot (D). The transfectants showed
a low growth evidenced by CCK-8 (E), and G2 arrest by PI staining (F) in comparison with the control and mock. In SQ-5 and KJ cells, REIC
overexpression resulted in increased apoptosis, evidenced by Annexin V staining (G), and decreased mitochondrial membrane potential by JC-1
staining (H). REIC transfectants had a weaker ability to migrate and invade than the control and mock by transwell chamber assay (I). Results are
representative of 3 different experiments, and data is expressed as mean ± standard deviation with the control as “1”. NC, negative control; * P<0.05,
compared with mock and control.



expression of Krm1 and Krm2 in all cell lines by RT-
PCR (data not shown). To assess whether REIC
promoter methylation was associated with transcription
silencing, we analyzed REIC mRNA expression in 4
lung cancer cells, treated with 5-Aza-dC. REIC mRNA
expression was restored in H460, H466, SQ-5 and KJ
cells after demethylation (Fig. 1B).

The treatment with recombinant REIC protein
significantly promoted the proliferation of SQ-5 and KJ
cells, evidenced by CCK-8 (Fig. 2A, P<0.05), increased
G2 phase ratio of lung cancer cells by PI staining (Fig.
2B, P<0.05), induced the apoptosis by Annexin V-FITC
(Fig. 2C, P<0.05), and reduced mitochondrial membrane
potential by JC-1 staining (Fig. 2D). Furthermore,
recombinant REIC treatment decreased the ability of
SQ-5 and KJ cells to migrate and invade (Fig. 2E,
P<0.05). After being transfected with pcDNA3.1-REIC,
SQ-5 and KJ cells showed REIC overexpression at both
protein and mRNA levels (Fig. 3A-D). CCK-8 assay
demonstrated a lower proliferative level in REIC
transfectants than their parental cells (Fig. 3E, P<0.05).
Cell cycle analysis indicated a higher G2 phase ratio in
REIC transfectants than control or mock (Fig. 3F,

P<0.05). Compared with the mock or control, there was
a high level of apoptosis in REIC transfectants,
evidenced by Annexin-V staining (P<0.05, Fig. 3G), and
a low level of mitochondrial membrane potential by JC-
1 staining (Fig. 3H). Additionally, REIC overexpression
suppressed migration and invasion of both cells (P<0.05,
Fig. 3I). Additionally, we performed CldU and IdU
staining to examine DNA replication dynamics, and
found that SQ-5 cells with either REIC overexpression
or recombinant REIC treatment displayed reduced S
proportion (Fig. 4). 
REIC expression and its correlation with
clinicopathological parameters of lung cancer

There was no difference in REIC protein expression
between lung cancer and adjacent normal tissue (Fig.
5A, P>0.05). REIC mRNA expression was decreased in
lung cancer, compared with adjacent normal lung tissue
(Fig. 5B,C, P<0.05). According to Kaplan-Meier plotter,
we found that REIC mRNA hyperexpression was
positively correlated with overall, progression-free and
post-progression survival rates of all cancer patients,
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Fig. 4. Both REIC overexpression
and recombinant REIC treatment
decreased S-phase proportion in
SQ-5 cells.



female cancer patients, adenocarcinoma patients, the
cancer patients with surgical margin negative, or the
smoking or nonsmoking cancer patients (Fig. 5D and
Table 2, P<0.05). T-1 and T-2 cancer patients with REIC
mRNA hyperexpression showed longer overall and
progression-free survival times than those with its
hypoexpression (P<0.05). There appeared a positive
relationship between REIC mRNA expression and the
overall or post-progression survival rate of stage-I
cancer patients (P<0.05). The overall survival rate of the
patients with Grade-I, Grade-II, N1 or N2 cancer was
higher in the group of high REIC mRNA expression than
that with its low expression (P<0.05).

REIC positivity was observed in the cytoplasm of
squamous cell carcinoma, adenocarcinoma, large cell
carcinoma, small cell carcinoma and infiltrating
inflammatory cells (Fig. 6). Statistically, REIC
expression was not correlated with sex, age,
differentiation, lymphatic invasion, venous invasion,
lymph node metastasis, or UICC staging of lung cancer
(P>0.05), but positively with Caspase-3 expression
(Table 1, P<0.05). Follow-up information was available
in 136 patients for periods ranging from 1 month to 12

years (mean=20.2 months). Univariate analysis using
Kaplan-Meier method indicated that REIC expression
was not correlated with overall survival rate of lung
cancer patients, even stratified according to the
histological classification (P>0.05, data not shown).
Discussion

Here, we found that 5-Aza-dC treatment caused the
demethylation of REIC promoter and subsequently up-
regulated REIC mRNA expression, indicating that REIC
methylation might be positively linked to its
hypoexpression. REIC mRNA expression was lower in
lung cancer than matched normal tissue in line with the
reports about pancreatic cancer, cervical cancer,
colorectal cancer, lung cancer, renal clear cell carcinoma
and skin squamous cell carcinoma (Tsuji et al., 2001;
Kurose et al., 2004; Lee et al., 2009; Wang et al., 2012;
Ryu et al., 2013; Guo et al., 2014; Kim et al., 2015; Shin
et al., 2016). Kim et al. (2015) found that single
nucleotide polymorphisms of REIC were associated with
prostate cancer risk and susceptibility to prostate cancer.
However, there was no difference in REIC protein
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Table 1. Relationship between REIC expression and clinicopathological parameters of lung cancer.

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

Sex 0.076 0.363
Female 46 17 15 9 5 63.0
Male 99 31 37 22 9 68.7

Age(years) 0.006 0.940
<65 47 12 19 13 3 74.5
≥65 98 36 33 18 11 63.3

Histological classification ------ NS
Squamous cell carcinoma 36 9 17 9 1 75.0
Adenocarcinoma 79 28 25 17 9 64.6
Large cell carcinoma 14 7 3 1 3 50.0
Small cell carcinoma 16 4 7 4 1 75.0

Differentiation 0.078 0.353
Differentiated 98 33 32 23 10 66.3
Unidifferentiated 47 15 20 8 4 68.1

Lymphatic invasion 0.123 0.141
-110 40 41 17 12 63.6
+35 8 11 14 2 77.1

Venous invasion 0.089 0.291
-119 45 37 24 13 62.2
+26 3 15 7 1 88.5

Lymph node metastasis 0.015 0.864
-95 33 36 17 9 65.3
+50 15 16 14 5 70.0

TNM staging 0.067 0.431
I-II 106 34 38 24 10 67.9
III-IV 36 12 14 6 4 66.7

Caspase-3 expression 0.215 0.010
-38 16 13 8 1 57.9
+~+++ 107 32 39 23 13 70.1

PR: positive rate, NS, no difference between the four subtypes of lung cancers.



expression between lung cancer and normal tissue. This
paradoxical phenomenon needs further investigation. 

Reportedly, serum REIC levels were higher in
patients with cervical cancer and endometrial cancer than
in healthy individuals, and positively related to their
clinical stage (Jiang et al., 2010). Recombinant REIC
protein induced the differentiation of human CD14+
monocytes into a novel cell type (Watanabe et al., 2009),
and significantly inhibited acinar growth of RWPE-1 cells
(Zhang et al., 2010), suggesting the implication of the
soluble REIC in cell differentiation and growth. Kinoshita
et al. (2015) found that 17 kDa cysteine-rich stable
product of REIC was sufficient for the induction of
monocytes differentiation into DC(dendritic cell)-like
cells with the phosphorylation of GSK-3β and STAT, and
exerted anticancer effects in parallel with the activation of
DCs and cytotoxic T lymphocytes in peripheral blood.
Here, we found that recombinant REIC could promote the
proliferation of SQ-5 (squamous carcinoma) and KJ

(adenocarcinoma) according to CCK-8 assay. PI staining
also showed that its treatment enhanced G2-phase cell
proportion. In contrast, the low proliferation and high G2-
phase cell proportion were detectable in SQ-5 and KJ
cells transfected with REIC-expressing plasmid. The
secretory and cytosolic REIC could have different impacts
on the proliferation of lung cancer cells possibly by
initiating distinct signal pathways. 

In the present study, it was found that both
recombinant REIC treatment and REIC overexpression
could induce apoptosis, evidenced by Annexin V-FITC.
In addition, JC-1 staining was performed to examine the
mitochondrial membrane potential by fluorescence
microscopy. The mitochondrial membrane potential of
SQ-5 and KJ cells was decreased after REIC
overexpression and recombinant REIC treatment.
Immunohistochemically, there was positive relationship
between REIC and Caspase-3 expression in lung cancer.
It was documented that REIC could induce apoptosis,
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Table 2. The prognostic significance of REIC mRNA in lung cancer by Kaplan-Meier plotter.

Clinicopathological features Overall survival Progression-free survival Post-progression survival
Hazard ratio P Hazard ratio P Hazard ratio P

Sex
Female 0.42 (0.33-0.54) 7.8e-13 0.51 (0.38-0.69) 4.9e-06 0.58 (0.39-0.84) 0.0041
Male 0.74 (0.63-0.86) 0.00013 0.6 (0.46-0.97) 8.1e-05 0.88 (0.62-1.24) 0.47

Histological classification
Squamous cell carcinoma 0.75 (0.59-0.95) 0.018 0.95 (0.57-1.59) 0.85 1.47 (0.49-4.43) 0.5
Adenocarcinoma 0.39 (0.3-0.5) 1.4e-14 0.62 (0.45-0.85) 0.0026 0.51 (0.32-0.82) 0.0051

Grading 
I 0.69 (0.48-0.98) 0.04 1.16 (0.75-1.8) 0.49 1.04 (0.64-1.69) 0.88
II 0.69 (0.5-0.94) 0.02 0.7 (0.46-1.06) 0.091 0.6 (0.37-0.97) 0.035
III 0.68 (0.35-1.33) 0.26 0.88 (0.4-1.97) 0.76 0.6 (0.22-1.66) 0.32

T
1 0.74 (0.56-0.99) 0.039 0.59 (0.52-0.67) 1.1e-16 0.93 (0.5-1.72) 0.81
2 0.86 (0.53-1.41) 0.044 0.66 (0.49-0.89) 0.0065 0.86 (0.61-1.22) 0.4
3 0.8 (0.64-0.99) 0.56 ------------------ --------- ------------------ ---------
4 0.56 (0.3-1.06) 0.072 ------------------ --------- ------------------ ---------

N 
0 0.84 (0.68-1.04) 0.12 0.78 (0.56-1.08) 0.13 0.69 (0.46-1.02) 0.06
1 0.64 (0.47-0.88) 0.0053 0.35 (0.22-0.57) 8.5e-06 0.69 (0.4-1.16) 0.16
2 0.65 (0.43-0.97) 0.033 1.42 (0.72-2.79) 0.31 1.7 (0.81-3.58) 0.16

M
0 0.72 (0.58-0.88) 0.0015 0.8 (0.48-1.33) 0.39 0.75 (0.41-1.39) 0.34

TNM staging
I 0.33 (0.24-0.44) 4.3e-15 0.74 (0.47-1.14) 0.17 0.41 (0.22-075) 0.0032
II 0.74 (0.51-1.07) 0.11 0.8 (0.48-1.35) 0.41 0.56 (0.29-1.08) 0.078

Surgical margin 
- 0.47 (0.37-0.6) 5e-10 0.51 (0.39-0.65) 1e-07 0.72 (0.54-0.96) 0.026

Chemotherapy
- 0.72 (0.52-1.01) 0.06 0.7 (0.47-1.03) 0.067 0.71 (0.44-1.14) 0.16
+ 0.81 (0.54-1.22) 0.31 0.93 (0.62-1.41) 0.75 0.87 (0.54-1.39) 0.57

Radiotherapy
- 0.7 (0.49-1.01) 0.053 0.73 (0.5-1.06) 0.099 0.71 (0.46-1.11) 0.13
+ 0.82 (0.48-1.4) 0.46 1.06 (0.63-1.8) 0.82 0.87 (0.54-1.39) 0.57

Smoking
- 0.3 (0.16-0.56) 6e-05 0.49 (0.3-0.8) 0.0037 0.44 (0.23-0.83) 0.0098
+ 0.57 (0.46-0.7) 9.6e-08 0.56 (0.43-0.71) 2.7e-06 ------------------ ---------



mitochondrial translocation of Bax, and reduction of
Bcl-2 and JNK activation (Abarzua et al., 2005). Taken
together, it is concluded that cytosolic and secretory
REIC might induce apoptosis of lung cancer cells by
mitochondrial pathway. 

Tao et al. (2015) demontrated that REIC overe-
xpression could reverse the chemoresistance of
docetaxel-resistant lung cancer cells by growth
inhibition and apoptotic induction with P-glycoprotein
hypoexpression. Wang et al. (2015) reported that REIC
overexpression retarded cell proliferation, induced cell
cycle arrest and apoptosis, reduced cell invasive ability,

and retarded tumor growth of cisplatin-resistant cells
with E-cadherin hyperexpression, hypoexpression of
MMP-7, survivin, c-myc and cyclin D1, and a higher
PARP level. Edamura et al. (2007) found that Ad-REIC
gene delivery could suppress the growth, invasion and
metastasis of prostate cancer. REIC-overexpressing
malignant melanoma cells displayed higher cell-cell
adhesion and lower cell migration than their parental
cells (Hsieh et al., 2004). Hoang et al. (2004)
documented that REIC overexpression inhibited
invasion and motility of osteosarcoma cells by
modulating the Wnt/ β-catenin pathway. Here, we found
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Fig. 5. REIC expression in lung cancers and matched normal tissues. Tissue lysate was loaded and probed by anti-REIC antibody (Panel 1, 38 kDa)
with β-actin (Panel 2, 42 kDa) as an internal control. Densitometry analysis showed no difference in REIC protein expression between lung normal and
paired cancer tissues (A, P>0.05). N, normal tissue; C, cancer. REIC amplicon (120 bp) was detected by RT-PCR with an internal control of GAPDH
(135 bp). The densitometry analysis of REIC bands showed that more REIC mRNA expression in lung normal than paired cancer tissue (B, P<0.05).
Quantitative RT-PCR assay indicated a lower REIC mRNA expression in cancer than paired normal tissues (C, P<0.05). The correlation between REIC
mRNA expression and overall, progression-free or post-progression survival rate was analyzed in the patients with lung cancer using Kaplan-Meier
plotter (D).



that both recombinant REIC treatment and REIC
overexpression might weaken the ability of SQ-5 and KJ
cells to migrate and invade, suggesting that either
secretory or cytosolic REIC could be considered as a
potential target to suppress invasion and metastasis of
lung cancer cells. 

Reportedly, REIC could interact with Wnt pathway
receptors (Kremen1, Krm1; Kremen 2, Krm2)
independent of REIC protein glycosylation (Nakamura
and Hackam, 2010). In the current study, Krm1/2 mRNA
was not detected in lung cancer cells, while recombinant
REIC exposure could alter such aggressive phenotypes
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Fig. 6. REIC expression and its prognostic
significance in lung cancer. REIC expression was
positively detected in the cytoplasm of squamous
cell carcinoma (A), adenocarcinoma (B, C), large
cell carcinoma (D) and small cell carcinoma (E).
Caspase-3 immunoreactivity was observed in the
cytoplasm of adenocarcinoma (F). Kaplan-Meier
curves showed that REIC expression was not
linked to cumulative survival rate of the patients
with lung cancer (G, P>0.05).



of lung cancer cells as proliferation, cell cycle
progression, apoptosis, migration and invasion,
suggesting that other receptors on the membrane of lung
cancer cells might interact with recombinant REIC
protein to initiate the signal transduction.

Immunohistochemically, REIC expression was not
correlated with any aggressive features of lung cancer,
including lymphatic and venous invasion, lymph node
metastasis, or UICC staging. In contrast, it was found
that REIC expression was inversely linked to depth of
invasion, TNM staging, and dedifferentiation of
colorectal cancer (Wang et al., 2012). Yin et al. (2013)
found an inverse correlation between REIC expression
and some aggressive pathological characteristics of
papillary thyroid cancer, including high TNM staging
and lymph node metastasis, but versa for REIC promoter
hypermethylation. There was no correlation between
REIC expression and cumulative survival rate of the
patients with lung cancer in agreement with another
report (Wang et al., 2012). However, some investigators
reported that REIC expression in the tumor endothelium
was an independent favorable marker for patients with
pancreatic cancer or gastric cancer (Fong et al., 2009;
Mühlmann et al., 2010). Some evidences indicated that
REIC methylation was negatively linked with poor
prognosis of malignancies (Yu et al., 2009; Yang et al.,
2010). Furthermore, deletion at REIC locus showed a
favorable overall survival of head and neck squamous
cell carcinoma, compared with REIC retention (Katase
et al., 2008). Ryu et al. (2013) demonstrated that REIC
hypoexpression was positively correlated with
clinicopathological staging and adverse prognosis of
cervical squamous cell carcinoma. Here, bioinformatics
analysis showed that REIC mRNA overexpression was
positively linked to high overall, progression-free and
post-progression survival rates, even stratified by sex,
histological subtyping, grading, TNM staging,
chemotherapy, radiotherapy, or smoking, indicating that
its mRNA expression level might be employed as a
potential marker of a favorable prognosis of the patients
with lung cancer. 

In conclusion, the down-regulated REIC expression
might be involved in lung carcinogenesis via its promoter
methylation. As a “sword”, recombinant REIC protein not
only enhanced proliferation and cell cycle progression,
but also induced cellular apoptosis, inhibited the
migration and invasion of lung cancer cells. REIC
overexpression might reverse the aggressive phenotypes
of lung cancer cells as a tumor suppressor gene. REIC
could be considered as a good marker to indicate lung
carcinogenesis and cancer prognosis, and employed as a
potential target of gene therapy for lung cancer. 
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