
Abstract. Background/Aim: The biological importance of
the caudal-related homeobox transcription factor CDX2 in
acquiring resistance to anticancer drugs has been studied in
ovarian mucinous carcinoma. CDX2 promotes the expression
of multidrug resistance 1 (MDR1) and confers resistance to
paclitaxel. The regenerating islet-derived family member 4
(REG4) gene is a potential target gene of CDX2. In this
study, we investigated the relationship between the
expression of CDX2 and Reg IV and the regulation of Reg
IV expression and examined novel chemotherapeutic
regimens. Materials and Methods: The regulation of Reg IV
expression by CDX2 and sensitivity of 5-fluorouracil (5-FU)
were evaluated using ovarian mucinous cancer cell lines.
Results: The correlation of CDX2 with Reg IV expression
was demonstrated in ovarian mucinous carcinoma. Reg IV
expression was enhanced by transfection of CDX2 and was
suppressed by inhibition of CDX2 expression. OMC-3 cells
with ectopically overexpressed CDX2 showed enhanced
apoptosis and sensitivity to 5-FU. Conclusion: CDX2
promotes resistance to paclitaxel and sensitivity to 5-FU.
Novel 5-FU-based chemotherapy based on CDX2 may be
used in ovarian mucinous carcinoma.

Ovarian cancer has the worst prognosis among gynecological
malignant tumors. Ovarian cancer is often found as advanced
cancer, because there is no effective method for early

diagnosis. Treatment of epithelial ovarian cancers (EOCs)
involves a combination of chemotherapy and surgery,
however, acquired resistance to anticancer drugs is very
common. With the discovery of novel biomarkers and target
genes for diagnosis and treatment, it is thought that a better
understanding of gene expression changes and the related
molecular mechanisms occurring in the carcinogenesis of
ovarian cancer may lead to improvements in diagnosis,
treatment and prevention of ovarian cancer.

Ovarian mucinous cancer is a histological type that
accounts for approximately 10% of EOCs (1). Currently, the
standard chemotherapy regimen for initial treatment of EOCs
is a combination of carboplatin and paclitaxel, but ovarian
mucinous carcinoma is known to be resistant to this regimen
(2-6). Ovarian mucinous carcinoma is often diagnosed at an
early stage, but apparently has a poorer prognosis than other
histological types (2-4). The expression of multidrug
resistance 1 (MDR1), also known as the multidrug resistance
gene, causes drug resistance. In our previous study, it was
suggested that the expression of MDR1 was regulated by the
intestine-specific caudal-related homeobox transcription
factor, CDX2, and was related to drug resistance in ovarian
mucinous carcinoma and colorectal cancer (7, 8). In addition,
it has been reported that 5-fluorouracil (5-FU), a key drug
used in the treatment of colon cancer, is also effective
against ovarian mucinous cancer (9). CDX2 has been shown
to have an important role in intestinal development and
differentiation and in the maintenance of the intestinal
phenotype (10, 11, 12). It has also been involved in the
degree of differentiation, malignant grade and carcinogenesis
in gastric and colorectal cancer (10, 13, 14). A potential
novel chemotherapy regimen based on the expression
kinetics of CDX2 against ovarian mucinous carcinoma has
been suggested (7).

In addition, it has been recently reported that the
expression of Reg IV is directly regulated by CDX2 in gastric
cancer (GC) (15). Regenerating islet-derived family member
4 (REG4, which encodes Reg IV protein) is a member of the
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REG gene family. The REG gene family belongs to the
calcium-dependent lectin superfamily (15, 16). REG4
expression is closely linked to the differentiation of ovarian
mucinous carcinoma. It has also recently been reported that
staging of the International Federation of Gynecology and
Obstetrics (FIGO), differentiation and the expression of Reg
IV protein is an independent predictor of overall survival in
ovarian cancer and that Reg IV expression is a predictor of
progression-free survival (17). Reg IV is a potent activator of
the epidermal growth factor receptor (EGFR)/Akt/activating
protein-1 (AP-1) signaling pathway in colon cancer cells. Reg
IV increases the expression of Bcl-2 and leads to inhibition
of apoptosis (15, 18). In gastric cancer cells, it has been
shown to inhibit apoptosis induced by 5-FU through
activating EGFR (19). REG4 has also been identified as one
of the genes involved in the development of cancer (20). 

In ovarian cancer, the relationship between CDX2 and
Reg IV is not known. Therefore, the expression of CDX2
and Reg IV in clinical tissues of EOCs was investigated. In
addition, regulation of Reg IV by CDX2, activation of
EGFR/Akt/AP-1 signaling pathway by Reg IV, and
sensitivity to5-FU were also evaluated using ovarian
mucinous cancer cell lines.

Materials and Methods 

Immunohistochemical staining in clinical tissues. We investigated
22 cases of EOCs diagnosed and resected at our institution between
2010 and 2013. Formalin-fixed, paraffin-embedded (FFPE) tissues
were stained by the avidin-biotin complex method using rabbit
monoclonal anti-CDX2 antibodies (clone EPR2764Y; NICHIREI,
Tokyo, Japan) and mouse monoclonal anti-REG4 antibodies (clone
AF1379; R&D, Minneapolis, MN, USA), as previously described
(7, 14). Antibodies were used at 1:1 and 1:50 dilution, respectively.
Tissue specimens were collected and used according to the Ethical
Guidelines for Human Genome/Gene Research enacted by the
Japanese Government.

Cell lines, retrovirus infections, and cell culture. The five cell lines
of ovarian mucinous carcinoma used in a previous study were also
used in this study (MCAS, RMUG-S, MN-1, OMC-1 and OMC-3)
(7). We obtained these cell lines from the following sources: MN-1
from Scienstuff Co. Ltd (Nara, Japan) (21), OMC-1 from Dr.
Tsuyoshi Saito (School of Medicine, Sapporo Medical University,
Sapporo, Japan) (22), MCAS and RMUG-S from the Japanese
Collection of Research Bioresources (JCRB) Cell Bank, and OMC-

3 from RIKEN Bio Resource Center Cell Bank (Institute of Physical
and Chemical Research, Tsukuba, Japan). Culture conditions used
for the five cell lines, have been previously described (7).

The pPGS-CDX2 was generated by inserting the CDX2 gene in
the retroviral expression vector pPGS-CMV-CITE-neo (provided by
G. Nabal, NIH, Bethesda, MD, USA). As previously described (7,
14), OMC-3/PGS-CDX2 was generated by transfecting CDX2 into
OMC-3 cells with low expression of endogenous CDX2, and control
cells (OMC-3/PGS-neo) were also generated. The expression of
CDX2 in OMC-3/PGS-CDX2 and OMC-3/PGS-neo cells was
examined using real time PCR and western blot.

Quantitative real-time reverse transcription PCR. As described in
the manufacturer's protocol, total RNA was isolated by the RNeasy
Mini Kit (Qiagen, Valencia, CA, USA) and reverse transcribed by
the Omniscript RT kit (Qiagen). One μg of total RNA was used for
cDNA synthesis. Real-time reverse transcription PCR (RT-qPCR)
was performed using sequence-specific primers indicated in Table
I and Power SYBR Green PCR Master Mix (Applied Biosystems,
Foster, CA, USA) on an ABI 7300HT.

Western blot analysis. Western blot analysis was performed as
described previously (7, 14). Anti-CDX2 mouse monoclonal (clone
CDX2-88; BioGenex Laboratories, Inc. Fremont, CA, USA), and
anti-human Reg IV monoclonal antibody (Proteintech, USA) were
used at 1:100, and 1:50 dilutions, respectively. Anti-EGFR antibody
(clone D38B1; Cell Signaling Technology, Beverly, MA, USA),
anti-phospho-EGFR (Tyr992) antibody (Cell Signaling Technology),
anti-phospho-EGFR (Tyr1068) antibody (clone D7A5; Cell
Signaling Technology), anti-Akt (pan) antibody (clone C67E7; Cell
Signaling Technology), anti-phospho-Akt (Thr308) antibody (clone
C31E5E; Cell Signaling Technology), anti-Bcl-2 antibody (clone
124; Santa Cruz Biotechnology, Santa Cruz, CA, USA), and anti-
DPD antibody (Taiho Pharmaceutical, Tokyo, Japan) were used to
evaluate the effects on the EGFR/Akt/AP-1 pathway and apoptosis.
Anti-GAPDH antibody (clone 6C5; Santa Cruz Biotechnology) was
also detected as a loading control.

RNA interference. Silencing was performed using RNAiMAX
(Invitrogen, Carlsbad, CA, USA) as described previously (7).
Quantitative RT-qPCR was performed for validation. Two small
interfering RNA (siRNA) duplexes targeting CDX2 mRNA (5’-
AACCAGGACGAAAGACAAAUA-3’, CDX2 siRNA1; and 5’-
AAGCCUCAGUGUCUGGCUCUG-3’, CDX2 siRNA2) and a non-
silencing siRNA duplex (MISSION siRNA Universal Negative Control
SIC-001) were synthesized by Qiagen-Xeragon (Huntsville, AL, USA). 

MTS and apoptosis assays. MTS cytotoxicity assay was performed
using an ImmunoMini NJ-2300 microplate reader (InterMed, Tokyo,
Japan) to examine cell survival following exposure to chemotherapeutic
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Table I. Real-time PCR primers. 

Gene name                                                 Forward primer 5’ ➝ 3’                                                     Reverse primer 5’ ➝ 3’

CDX2                                                         GAACCTGTGCGAGTGGATG                                        GGTGATGTAGCGACTGTAGTGAA
REG4                                                         GCCCCGCCATCCCTT                                                    CTGCTCGAGACAGCCAGAGA



agents as described previously (7). 5-FU was obtained from Wako
(Oosaka, Japan). Cells were seeded at 10000 cells/100 μl per well in
96-well microtiter plates. The concentration required to inhibit cell
growth by 50% relative to that of nontreated control cells [IC50 (96 h)]
was assessed.

Apoptotic assays were performed using a Cell Death Detection
ELISAPlus Kit (Roche Diagnostics) to evaluate apoptosis following
treatment of cells for 48 h with 5 mM 5-FU, according to the
manufacturer’s instructions. 

Results

Co-expression of CDX2 and Reg IV in human ovarian cancer
tissue. Immunohistochemical staining analysis revealed that
the expression of Reg IV is localized in the membrane,
whereas the expression of the CDX2 transcription factor is

localized in the nucleus (Figure 1). Of the 22 cases of
ovarian cancer, 5 were CDX2 expression positive (22.7%)
and Reg IV expression positive (22.7%) (Table II). CDX2
expression was observed in well and moderately
differentiated ovarian mucinous carcinoma, but expression
was not observed in the poorly differentiated type. Reg IV
expression was observed in all 5 cases (100%) of CDX2
positive; Reg IV expression was not detected serous and
clear cell carcinomas. These immunohistochemical findings
indicated that Reg IV expression was associated with CDX2
expression in mucinous ovarian cancer.

Regulation of Reg IV expression by CDX2 in ovarian mucinous
carcinoma cells. We examined the correlation between Reg IV
and CDX2 expression in ovarian mucinous carcinoma cell
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Figure 1. In ovarian mucinous carcinoma, the expression of CDX2 and Reg IV was correlated with the degree of differentiation of cancer cells. For
immunohistochemical examination, formalin-fixed paraffin-embedded tissues were used. Hematoxylin and eosin staining (upper), anti-CDX2
monoclonal antibody (middle) and anti-Reg IV monoclonal antibody (lower) were used.
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Figure 2. Expression of CDX2 and REG4 in five cell lines of ovarian mucinous carcinoma. (A) Expression of Reg IV and CDX2 was confirmed by
western blot analysis, using anti-CDX2 (40 kDa), and anti-human Reg IV (18 kDa) monoclonal antibodies. Expression of relative CDX2/beta-actin
and relative REG4/beta-actin mRNA was confirmed by quantitative real-time (RT-qPCR) analysis, using CDX2 and REG4 primers, respectively.
(B) OMC-3/PGS-CDX2 was generated by transfecting CDX2 into OMC-3 cells with low expression of endogenous CDX2. Control cells (OMC-
3/PGS-neo) were also generated. REG4 transcript and Reg IV protein were confirmed in OMC-3/PGS-CDX2 cells by RT-qPCR and western blotting,
respectively.



lines. High expression of REG4 and CDX2 mRNA and protein
in OMC-1 cells was revealed by RT-qPCR and western blot
analyses; expression of Reg IV and CDX2 was not observed
in MCAS, RMUG-S, or MN-1 cells. In OMC-3 cells, weak
Reg IV expression was observed, but expression of CDX2 was
not detected (Figure 2A). None of the cell lines without Reg
IV expression displayed expression of CDX2.

To confirm whether CDX2 regulates REG4 expression in
ovarian mucinous carcinoma cells, we generated OMC-3
cells with high levels of CDX2 expression (OMC-3/PGS-
CDX2 cells) by retroviral infection (7, 14). The expression
of CDX2 was induced in OMC-3/PGS-CDX2 cells, but not
in OMC-3/PGS-neo control cells. Induction of high
expression of REG4 gene and Reg IV proteins in OMC-
3/PGS-CDX2 cells was confirmed by both RT-qPCR and
western blot analysis (Figure 2B).

Down-regulation of REG4 expression by inhibition of CDX2.
To confirm the regulation of REG4 expression by CDX2 in
ovarian mucinous carcinoma cells, CDX2 expression was
suppressed by RNA interference (RNAi) and the effect on
REG4 and Reg IV protein expression was evaluated. CDX2
protein expression was significantly suppressed by CDX2

specific siRNA in OMC-1 cells; REG4 transcript and Reg IV
protein levels in OMC-1 cells treated with CDX2 siRNAs
were down-regulated by approximately 50% compared with
levels observed in parental cells (Figure 3). These data
indicated that CDX2 regulates REG4 gene and Reg IV
protein expression in OMC-1 cells.
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Figure 3. REG4 transcript and Reg IV protein levels in OMC-1 cells treated with CDX2 siRNAs were suppressed by approximately 50% compared
with the levels observed in parental cells. Assays were performed in triplicate; columns, mean; bars, SD.

Table II. Immunohistochemical staining in epithelial ovarian cancers.

Histological type                                             CDX2 (%)      Reg IV (%)

Differentiation degree (n=22)                                +                      +

Ovarian mucinous carcinoma (n=7)
   Well-differentiated (n=3)                               3/3 (100)         3/3 (100)
   Moderately-differentiated (n=1)                    1/1 (100)         1/1 (100)
   Poorly-differentiated (n=3)                            0/3 (0)             0/3 (0)
Ovarian serous carcinoma (n=5)                      0/5 (0)             0/5 (0)
Ovarian endometrioid carcinoma (n=5)           1/5 (20)           1/5 (20)
Ovarian clear cell carcinoma (n=5)                  0/5 (0)             0/5 (0)

Positive (+): >50% of tumor cells stained; Well-differentiated: Ratio of
solid growth part 0-5%; Moderately-differentiated: 5-50%; Poorly-
differentiated: 50-100%.



5-FU sensitivity in OMC-3 cells with ectopically
overexpressed CDX2. To confirm the effect of CDX2 on 5-
FU treatment, MTS assay was performed on OMC-3/PGS-
CDX2 and OMC-3/PGS-neo cells (Figure 4A). 5-FU
displayed increased cytotoxicity in OMC-3/PGS-CDX2 cells

with an IC50 (96 h) 2.49 times lower compared to OMC-
3/PGS-neo cells (Figure 4A). Treatment with 5-FU resulted
in inhibition of growth of OMC-3/PGS-neo cells in a dose-
dependent manner (Figure 4B). Inhibition of growth of
OMC-3/PGS-CDX2 cells was stronger (Figure 4B),

CANCER GENOMICS & PROTEOMICS 16: 481-490 (2019)

486

Figure 4. OMC-3 cells ectopically expressing CDX2 display sensitivity to 5-FU. (A) Effect of 5-FU treatment on OMC-3/PGS-CDX2 (■) and OMC-
3/PGS-neo (l) cell lines. Increased cytotoxicity caused by 5-FU was observed in OMC-3/PGS-CDX2 compared to OMC-3/PGS-neo cells. (B) Cell
growth of OMC-3/PGS-neo cells was inhibited by 5-FU in a dose-dependent manner. It was more strongly inhibited in OMC-3/PGS-CDX2 cells.
(C) OMC-3/PGS-CDX2 cells significantly induced apoptosis in comparison with OMC-3/PGS-neo cells. Bars and error bars represent mean and
SD, respectively, from three different experiments. (D) The expression of CDX2 and Reg IV and activation of the EGFR/Akt/AP-1 signaling pathway
was confirmed by western blot analysis in OMC-3/PGS-CDX2 and OMC-3/PGS-neo cells.
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Figure 5. OMC-3 cells ectopically expressing CDX2 display sensitivity to cetuximab. (A) The effect of the anti-EGFR therapeutic antibody cetuximab
was poor on ovarian mucinous carcinoma. (B) Combination chemotherapy of 5-FU and cetuximab was poor on ovarian mucinous carcinoma. 



suggesting higher rates of apoptosis in OMC-3/PGS-CDX2
cells. We examined the effects of CDX2 on apoptosis in
these cells by forcing its expression. As shown in Figure 4C,
OMC-3/PGS-CDX2 cells displayed significantly higher rates
of apoptosis in comparison with OMC-3/PGS-neo cells.

Activation of Akt phosphorylation by Reg IV in OMC-3/PGS-
CDX2 cells. Reg IV induces phosphorylation of EGFR at
Tyr992 and Tyr1068, and of Akt at Thr308, which has been
shown to increase AP-1 transcription factor activity (18).
Bcl-2 is an anti-apoptotic protein located on mitochondria
and expressed at high levels in several tumor cells and
tissues (23). Expression of Bcl-2 was increased in colon
cancer cell lines treated with recombinant Reg IV (18). The
phosphorylation of EGFR at Tyr992 and Tyr1068 in OMC-
3/PGS-CDX2 cells was examined. EGFR was
phosphorylated at Tyr992 and Tyr1068 in OMC-3/PGS-
CDX2 cells, but there was no difference in expression
between OMC-3/PGS-CDX2 cells and OMC-3/PGS-neo
cells (Figure 4D). The expression of Bcl-2, a protein
associated with inhibition of apoptosis, did not change
significantly (Figure 4D). These results suggested that CDX2
induced Reg IV expression, but did not induce EGFR
phosphorylation and Bcl-2 expression. In addition, we
examined phosphorylation of Akt in OMC-3/PGS-CDX2
cells. Akt was phosphorylated in OMC-3/PGS-CDX2 cells
(Figure 4D). It has recently been reported that AP-1 induces
the expression of dihydropyrimidine dehydrogenase (DPD),
the initial rate-limiting enzyme in 5-FU catabolism (24, 25).
In tumor cell lines, overexpression of DPD is associated with
resistance to 5-FU (26). Expression of DPD in OMC-3/PGS-
CDX2 cells was examined by western blotting and was
found to be induced (Figure 4D). 

Discussion

A correlation between the expression of CDX2 and Reg IV
proteins and the degree of differentiation of cancer cells in
ovarian mucinous carcinoma was observed. Our findings
suggest that CDX2 protein regulates the expression of Reg
IV in ovarian mucinous carcinoma cell lines, accelerates
apoptosis and sensitizes cells to 5-FU. These conclusions are
supported by following results.

Overexpression of CDX2 was observed in ovarian
mucinous carcinoma, whereas its expression was weak in
serous carcinoma, endometrioid carcinoma, and clear cell
carcinoma. The expression of CDX2 and Reg IV was most
pronounced in well-differentiated mucinous carcinoma and
weak in poorly differentiated types. These data suggest that
CDX2 and Reg IV expression is associated with the degree
of differentiation of cancer cells. Secondly, we investigated
the regulation of Reg IV expression by CDX2 using ovarian
mucinous carcinoma cell lines. REG4 gene expression and

Reg IV protein expression were enhanced in OMC-3/PGS-
CDX2 cells. Down-regulation of the expression of CDX2
using RNA interference in OMC-1 cells resulted in reduced
expression of the REG4 gene and Reg IV protein.
Additionally, we examined EGFR/Akt/AP-1 pathway
activation and changes in DPD and Bcl-2 expression by Reg
IV expression in ovarian mucinous carcinoma cell lines. In
OMC-3/PGS-CDX2 cells, promotion of phosphorylation of
EGFR was not seen, but the phosphorylation of Akt was
significantly accelerated and enhanced the expression of
DPD. Although a decrease in 5-FU sensitivity due to DPD
expression has been reported, OMC-3/PGS-CDX2 cells
where more sensitive to 5-FU than OMC-3/PGS-neo cells.
There was no difference in Bcl-2 expression associated with
suppression of apoptosis. However, when an apoptosis assay
was performed, apoptosis was promoted in OMC-3/PGS-
CDX2 cells. Acceleration of apoptosis may have increased
5-FU sensitivity.

CDX2 is overexpressed in the intestinal phenotype of GC
and in intestinal metaplasia of the stomach (27, 28). In
contrast to this, CDX2 expression is lost in poorly
differentiated primary colorectal cancer (10). The mechanisms
and effects of CDX2 expression in human cancers are largely
unknown. Therefore, it is important to clarify the target genes
of CDX2. MDR1, which plays an important role in drug
resistance in ovarian mucinous carcinoma, has previously been
identified as a CDX2 target gene (7, 8, 29). It was recently
discovered that Reg IV proteins potently activate the
EGFR/Akt/AP-1 signaling pathway through phosphorylation
of EGFR (18, 20). High expression of Reg IV in GC cells has
been reported to induce Bcl-2 and DPD expression and to
suppress apoptosis induced by 5-FU (20). However, in the
present study, phosphorylation of EGFR was not induced by
expression of Reg IV, and there was also no increase in Bcl-2
expression. There was enhanced apoptosis in ovarian
mucinous carcinoma expressing CDX2, despite the enhanced
DPD expression and increased sensitivity to 5-FU. The most
plausible explanation for these differences is that the level of
CDX2-mediated increase in Reg IV is not sufficient enough
to induce phosphorylation of EGFR. The relationship between
the induction of apoptosis and CDX2 expression is a topic for
future investigation.

The current standard chemotherapy protocol for epithelial
ovarian cancer is a combination of two drugs: carboplatin
and paclitaxel (30). However, this treatment has only a
limited anticancer effect in ovarian mucinous carcinoma (2-
6). In our previous study, CDX2 expression in ovarian
mucinous carcinoma cells correlated with MDR1 expression,
and expression of MDR1 protein induced resistance to
chemotherapeutic compounds such as paclitaxel (7).
According to the results of this study, the sensitivity of 5-FU
was high, but the effect of cetuximab, an anti-EGFR
antibody drug, and the effect of the combination
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chemotherapy with 5-FU and cetuximab were poor on
ovarian mucinous carcinoma (Figure 5A and B). Given that
CDX2 is a transcription factor that induces differentiation of
intestinal epithelial cells, 5-FU, a key chemotherapy drug
used for colon cancer, may be a new therapeutic agent in
ovarian mucinous carcinoma. In addition to the results of this
study, there has also been a report on the confirmed efficacy
of the combination chemotherapy of oxaliplatin and 5-FU in
cultured cell lines (9). 

In conclusion, the results of our study suggest that there
is a correlation between the expression of CDX2 and Reg IV
in ovarian mucinous carcinoma, and that CDX2 regulates not
only the expression of MDR1, but also Reg IV. The reduced
sensitivity to paclitaxel due to CDX2 expression may be one
of the causes of poor response to combination chemotherapy
of paclitaxel and carboplatin, which is the current standard
treatment for ovarian mucinous carcinoma. Thus, our study
demonstrates the potential of a novel 5-FU-based
chemotherapy, based on the expression kinetics of CDX2 in
ovarian mucinous carcinoma.  
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