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Abstract. Dipeptidase 1 (DPEP1) is a zinc-dependent metal-
loproteinase that is fundamental in glutathione and leukotriene 
metabolism. DPEP1 was initially considered as a tumor 
suppressor gene in Wilms' tumor and breast cancer. However, 
it has been reported that DPEP1 is upregulated in colorectal 
cancers (CRCs) and high DPEP1 expression levels are associ-
ated with poorer patient survival. The role of DPEP1 genes 
in CRC, as well as their expression, requires investigation. 
Therefore, the present study investigated DPEP1 expression 
using reverse transcription-quantitative polymerase chain reac-
tion or immunohistochemistry on surgically resected samples 
from CRC cases, and further examined the biological signifi-
cance of DPEP1 by comparing the expression of the epithelial 
to mesenchymal transition (EMT) markers, including epithelial 
cadherin and Vimentin to clarify the function of DPEP1 in 
CRC, particularly in metastasis. The level of DPEP1 expression 
was identified to be significantly increased in tumorous tissue 
samples compared with that in non-tumorous tissue samples. 
In addition, increased DPEP1 mRNA expression levels were 
associated with positive lymph node metastasis in the included 
cohort. However, no positive correlations were observed 
between DPEP1 and EMT markers in the cohort. The results 
indiciates that further investigations into the upregulation of 
DPEP1 in colorectal carcinogenesis and the role of therapeutic 
or prognostic biomarkers are required.

Introduction

Colorectal cancer (CRC) is one of the most commonly diag-
nosed types of cancer and is closely linked to aspects of the 

Western lifestyle (1,2). Early detection and surgical resection 
is the most effective measure to improve CRC-associated 
mortality (3). Despite recent advances in CRC treatment, such 
as chemotherapy and molecular targeted therapy, the prognosis 
remains poor in advanced CRC cases (1,2). Recurrence and 
metastasis are the main obstacles for improving the prognosis 
of postoperative CRC patients (2,4). In Japan, ~15% of patients 
with stage II and 30% of patients with stage III will develop 
recurrence within 5 years of surgical resection of CRC (5). 
The treatment of advanced CRC remains essentially palliative 
currently; therefore, it is necessary to understand the processes 
that contribute to tumor progression, particularly those that 
facilitate invasion and metastasis, to prevent CRC recurrence.

Cancer metastasis is a complex process in which malig-
nant cancer cells disseminate from the primary tumor site to a 
secondary tumor at a distant site. During this multistep process, 
transition between epithelial and mesenchymal states occurs 
in cancer cells (6,7). Initially, metastasis is triggered by the 
epithelial to mesenchymal transition (EMT), which enhances 
cancer cell motility and intravasation into blood vessels (8). 
Notably, the reversible process of EMT, mesenchymal to 
epithelial transition (MET), is also observed at the metastatic 
site, and is involved in the metastatic process (6). EMT and 
MET are controlled by multiple molecular mechanisms, such 
as transcription factors, epigenetic modifications, alternative 
splicing, and miRNA networks, resulting in the modification 
of epithelial or mesenchymal gene expression levels (6,7). 
Among the molecular mechanisms, the downregulation and 
re-expression of epithelial (E-) cadherin are reportedly asso-
ciated with EMT and MET, respectively (9). Accumulating 
evidence has revealed the important roles of EMT and MET 
in cancer metastasis; however, this modulation is complicated 
and further research is required.

Dipeptidase 1 (DPEP1), located on chromosome 16q24.3, is 
a zinc-dependent metalloproteinase, which is fundamental in 
glutathione and leukotriene metabolism (10). Leukotrienes are 
pro‑inflammatory mediators that are associated with cancer 
development (11,12) and, as such, the dysregulation of DPEP1 
potentially leads to the development of malignant tumors. 
Initially, loss of DPEP1 expression is associated with Wilms' 
tumor (13). Consistent with this, DPEP1 is considered to be a 
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tumor suppressor gene in breast cancer and pancreatic ductal 
adenocarcinoma (14,15). However, DPEP1 is upregulated in 
CRC and its high expression level is associated with poorer 
patient survival (16). Furthermore, a recent report demon-
strated that DPEP1 is highly expressed in CRC and promotes 
metastasis via regulation of E-cadherin expression levels (17). 
Therefore, further investigations are required to evaluate the 
expression of DPEP1 in an additional independent CRC cohort 
and the role of DPEP1 in CRC metastasis.

In the present study, DPEP1 expression levels were 
investigated using comprehensive gene expression analyses, 
reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) and immunohistochemical (IHC) staining 
in surgically resected CRC cases. In addition, the biological 
significance of DPEP1 was examined by comparing the 
expression levels of EMT markers to clarify the function of 
DPEP1 in CRC metastasis.

Materials and methods

Clinical samples of patients. A total of 78 surgical speci-
mens were obtained from CRC patients who had undergone 
surgical resection at Fukushima Medical University 
Hospital (Fukushima, Japan) between January 2008 and 
December 2010. Specimens from all 78 cases were used for 
comprehensive gene expression analysis, specimens from five 
cases were used for protein expression analysis by western 
blotting, and specimens from 55 cases were used for IHC 
staining. Information regarding age, gender, TNM stage 
and pathological diagnosis, including lymphatic and venous 
invasion were retrospectively collected. The carcinomas at 
the time of primary tumor resection were staged according 
to the Union for International Cancer Control (UICC) TNM 
classification (the 7th classification) (18,19). Written informed 
consent was obtained from all patients and the current study 
was approved by the ethics committee of Fukushima Medical 
University.

Comprehensive gene expression analysis. DPEP1 expression 
data were obtained using custom microarray analysis, as 
previously described (20). Briefly, the surgical specimen was 
homogenized and mixed with ISOGEN® reagent (Nippon 
Gene Co., Ltd., Tokyo, Japan). Total RNA was subjected to 
purification of polyA(A)+ RNA using a MicroPoly(A)Purist 
kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA). 
Human reference RNA was prepared by mixing equal quanti-
ties of poly(A)+ RNA extracted from 22 human cancer cell 
lines (A431, A549, AKI, HBL-100, HeLa, HepG2, HL60, 
IMR-32, Jurkat, K562, KP4, MKN7, NK-92, Raji, RD, Saos-2, 
SK-N-MC, SW-13, T24, U251, U937 and Y79).

Synthetic polynucleotides (80-mers) representing 
31,797 human transcripts (MicroDiagnostic, Inc., Tokyo, 
Japan) were arrayed on aminosilane-coated glass slides with 
a custom-made arrayer. RNA (2 µg) was subjected to reverse 
transcription using SuperScript II (Thermo Fisher Scientific, 
Inc.). Sample RNA was labeled using Cyanine 5-dUTP 
(PerkinElmer, Inc., Waltham, MA, USA) and the reference 
RNA was labeled using Cyanine 3-dUTP. Hybridization 
was performed with a Labeling and Hybridization kit 
(MicroDiagnostic, Inc.). Signals were measured with a 

GenePix 4000B scanner (Axon Instruments Inc., Union City, 
CA, USA) and processed into primary expression ratios. 
The primary expression ratios were then converted into log2 
values and compiled into a matrix. An expression ratio of 1 
(log ratio of 0) was assigned for spots that exhibited fluores-
cence intensities under the detection limits, and these were 
included in the signal calculation of the mean averages. Data 
were processed using MDI gene expression analysis software 
package (MicroDiagnostic, Inc.).

RT‑qPCR. Total RNA was extracted from cells using TRIzol 
reagent (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions. Complementary DNA (cDNA) 
was synthesized from 5 µg of total RNA with a random 
hexamer using the SuperScript III First-Strand Synthesis 
System (Thermo Fisher Scientific, Inc.). These cDNAs 
were used for the measurement of gene expression with a 
7500 Real‑time PCR system (Thermo Fisher Scientific, Inc.) 
using TaqMan probes. The assessors were blinded to the 
patient information and performed the experiments in trip-
licate. Taqman expression assays, DPEP1 (Hs01116752_m1) 
and β-actin (Hs99999903_m1) were purchased from Thermo 
Fisher Scientific, Inc. and β-actin served as an internal control. 
Relative DPEP1 gene expression was calculated using the 
2-ΔΔCq method, according to the supplier's protocol (Thermo 
Fisher Scientific, Inc.) (21).

Western blotting. Surgical specimens were homogenized 
in a 100-mM Tris-HCl (pH 7.6) buffer containing 0.15 M 
NaCl, 5 mM EDTA, 1% Triton X-100, and 5% glycerol using 
a Polytron PT3100 homogenizer (Kinematica AG, Luzern, 
Switzerland). After centrifugation at 17,400 x g for 15 min 
at 4˚C, the supernatants were collected. Next, 20 µg of 
each protein sample was run on SDS-polyacrylamide gels 
(5‑15% gradient; Thermo Fisher Scientific, Inc.) and blotted 
onto Immun-Blot PVDF membranes (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA). The blotted membranes were 
incubated with the following primary antibodies overnight 
at 4˚C: Rabbit polyclonal anti‑DPEP1 [(cat. no. HPA012783) 
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany] at a 
dilution of 1:100, and mouse monoclonal anti-β-actin anti-
body (cat. no. sc-69879; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA) served as a loading control at a dilution 
of 1:2,500. The blotted membranes were subsequently 
incubated with the appropriate horseradish peroxidase 
(HRP)-conjugated goat-anti-mouse IgG secondary antibody 
(cat. no. sc-2005; Santa Cruz Biotechnology, Inc.) at a dilu-
tion of 1:5,000. Signals were detected using ImageQuant 
LAS4000 (GE Healthcare Bio-Sciences, Pittsburgh, PA, 
USA) using SuperSignal West Pico Chemiluminescent 
Substrate (Thermo Fisher Scientific, Inc.).

IHC staining and evaluation. IHC staining was performed on 
paraffin‑embedded histological sections (4‑µm thick) using a 
polymer peroxidase method. Briefly, after deparaffinization 
and rehydration, the sections were treated with 0.3% hydrogen 
peroxide in methanol for 30 min to block endogenous peroxi-
dase activity. Following rinsing in phosphate-buffered saline 
(PBS) (Thermo Fisher Scientific, Inc.), the sections were 
incubated with anti‑DPEP1 antibody [cat. no. HPA012783 
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(dilution, 1:2,000); Sigma-Aldrich; Merck KGaA], Dako 
anti‑E‑cadherin antibody [cat. no. NCH‑38 (dilution, 1:200); 
Agilent Technologies GmbH, Waldbronn, Germany], and 
anti‑Vimentin antibody [cat. no. SP20 (dilution, 1:400); 
Nichirei Biosciences Inc., Tokyo, Japan] at 4˚C overnight. 
Three further washes (5 min per wash) in PBS was followed 
by treatment with a peroxidase-labeled polymer, conjugated 
to goat anti‑rabbit immunoglobulins [Dako EnVision+ 
System-HRP Labelled Polymer; ready-to-use (cat. no. K4003) 
Dako; Agilent Technologies] as the secondary antibody for 
30 min at room temperature. The staining was visualized with 
diaminobenzidine, followed by counterstaining with hema-
toxylin. Expression of these proteins was evaluated as positive 
when the nucleus of the cancerous tissue and the total field of 
view were observed at a magnification of x400. Blinded to the 
origination of the features and clinical outcomes, the staining 
of each specimen was evaluated. Stained cancer cells were 
counted per 1,000 cancer cells in the maximum field of cancer 
tissue by two investigators. The rate of positively stained cells 
was classified as follows: 0%, 0; 1‑10%, 1; and 11‑100%, 2, and 
the staining intensity was scored as 0 (negative), 1 (weak) and 
2 (strong). The evaluation was expressed as a product of the 
score of positive rate and staining intensity. Positive staining 
was defined by a score of 2, while negative staining was scored 
at 0 or 1.

Statistical analysis. Statistical analyses were performed 
using GraphPad Prism 6 software (GraphPad Software, 
Inc., La Jolla, CA, USA). Fisher's extract test or χ2 test were 
performed to analze the contingency tables. In addition, the 
Mann-Whitney U test was conducted for comparison of the 
means of the two groups. The Kruskal-Wallis and one-way 
analysis of variance tests were used for comparisons between 
more than two groups. P<0.05 was considered to indicate a 
statistically significant difference and data are presented as the 
mean ± standard deviation.

Results

DPEP1 expression levels in CRC. The expression level of 
DPEP1 mRNA in the current cohort was determined using 
comprehensive gene expression analysis data. The expression 
ratios of DPEP1 were compared between 78 tumorous tissue 
samples and 50 non‑tumorous tissue samples. A significantly 
higher DPEP1 expression level was identified in tumorous 
tissue samples when compared with non-tumorous tissue 
samples (Fig. 1A; P<0.0001). DPEP1 expression levels and 
clinicopathological factors were then analyzed in the CRC 
specimens (Table I). Cases with poorly differentiated histo-
logical types (P=0.0001) and positive lymph node metastasis 
(P=0.024) showed significantly higher DPEP1 expression 
levels. However, the DPEP1 expression level was not associ-
ated with gender, age, tumor size, distant metastasis or stage. 
When the DPEP1 expression levels of the stage 1, 2 and 3 
cases were compared, DPEP1 expression was observed to be 
significantly elevated in more advanced stage tumors, which 
is consistent with a role for DPEP1 in cancer progression 
(Fig. 1B; P=0.016).

To further confirm the DPEP1 expression levels in CRC, 
RT-qPCR was performed for 28 randomly-selected samples 

of tumorous tissue and 20 samples of non-tumorous tissue 
from the cases used in Fig. 1A. DPEP1 mRNA expression 
was confirmed to be upregulated in tumorous tissue samples 
compared with non-tumorous tissue samples (Fig. 1C; 
P<0.0001). In addition, this DPEP1 mRNA expression data 
was positively correlated with the data from comprehensive 
gene expression analysis (R=0.742, P<0.0001), confirming the 
reliability of the microarray data (Fig. 1D).

In addition, DPEP1 protein expression was analyzed by 
western blotting in five representative non‑tumorous/tumorous 
CRC tissue samples that showed high levels of DPEP1 mRNA 
expression (Fig. 1E). Consistent with the RT-qPCR results, 
DPEP1 protein was highly expressed in the tumorous tissue 
samples when compared with non-tumorous tissue samples. 

Figure 1. Expression levels of DPEP1 in CRC specimens. (A) Expression 
differences of DPEP1 between 78 tumorous and 50 non-tumorous tissue 
samples from the CRC cohort. The dot plot represents DPEP1 expression 
levels from microarray analysis, and a log2 scale of expression levels is 
presented. Horizontal bars indicate the mean expression values. P<0.0001, 
Mann-Whitney U-test. (B) Expression differences of DPEP1 between stage 1 
(n=17), stage 2 (n=28) and stage 3 (n=23) (according to the 7th TNM classifi-
cation) tumorous tissue samples from the CRC cohort. The dot plot represents 
DPEP1 expression levels from microarray analysis, and a log2 scale of the 
expression levels is presented. Horizontal bars indicate mean expression 
values. P=0.016, one-way analysis of variance test. (C) Expression differ-
ences of DPEP1 between 28 tumorous and 20 non-tumorous tissue samples 
from the CRC cohort. The dot plot represents DPEP1 expression levels from 
RT-qPCR analysis and the horizontal bars indicate the mean expression 
values. P<0.0001, Mann-Whitney U-test. (D) Correlation of DPEP1 mRNA 
expression between microarray (x-axis) and RT-qPCR (y-axis) analyses in 
the CRC patients. (E) Western blot analysis of DPEP1 in five representa-
tive paired samples of non-tumorous and tumorous tissue from CRC cases. 
β-actin served as a loading control. N, non-tumorous tissue; T, tumorous 
tissue; DPEP1, dipeptidase 1; CRC, colorectal cancer; RT-qPCR, reverse 
transcription-quantitative polymerase chain reaction.
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These results demonstrate the upregulation of DPEP1 mRNA, 
which resulted in the upregulation of DPEP1 protein expres-
sion.

IHC staining for DPEP1 and EMT markers. To investigate 
DPEP1 protein expression, IHC staining for DPEP1 was 
performed in 55 CRC specimens. Positive staining for DPEP1 
at the apical cell surface (Fig. 2A), cytoplasm (Fig. 2B) or 
circumference of malignant cells (Fig. 2C) was observed in 
each of the CRC specimens. In addition, mixed patterns of the 
above localizations were observed in the specimens (Fig. 2D). 
As a result, the DPEP1 expression was observed to be positive 
in 45 cases (82%) and negative in 10 cases (18%). Based on 
the DPEP1 IHC staining intensity, the association between 
DPEP1 expression levels and clinicopathological factors was 
analyzed in the CRC patients (Table II). Consistent with the 
DPEP1 mRNA analysis, the positive expression rate of DPEP1 
was significantly correlated with a poorer histology (P=0.021). 

However, DPEP1 expression was not associated with gender, 
age, lymph node metastasis, distant metastasis, or TNM stage 
classification.

The expression levels of EMT markers, E-cadherin and 
Vimentin were observed in patients with CRC (Fig. 2E and F) 
and the impact of DPEP1 expression on EMT markers 
(Table III) was evaluated. However, EMT status was not 
identified to be associated with DPEP1 expression levels in the 
present study.

Discussion

In the present study, the tumor expression of DPEP1 was 
identified to be upregulated at the mRNA and protein levels 
in CRC. Increased DPEP1 mRNA expression levels were 
identified to be associated with positive lymph node metastasis 
and poorer tumor histology in CRC patients. Furthermore, 
in the IHC staining analysis, upregulated DPEP1 expression 
was associated with poorer tumor histology. These findings 
were consistent with previous studies demonstrating that 
DPEP1 is highly expressed in CRC compared with matched 
normal mucosa, indicating a significant role of DPEP1 in 
CRC development (16,17). While the current results indicate 
the oncogenic role of DPEP1 in CRC, no significant associa-
tions between DPEP1 expression levels and patient prognosis, 
as well as EMT status, were observed in the current cohort.

The associations between EMT status and DPEP1 levels 
were investigated in a CRC in the present study. The results 

Figure 2. Immunohistochemical staining of DPEP1 in CRC. Representative 
image of DPEP1 staining of (A-D) tumorous tissue samples, (E) E-cadherin 
and (F) Vimentin. (A) Apical, (B) cytoplasmic, (C) circumference and 
(D) mixed staining patterns for DPEP1 in CRC. (E) Positive staining pat-
tern for E-cadherin in CRC. (F) Negative staining pattern for Vimentin in 
CRC. Scale bar=100 µm. DPEP1, dipeptidase 1; CRC, colorectal cancer; 
E-cadherin, epithelial cadherin.

Table I. Clinicopathological factors and DPEP1 mRNA 
expression levels (n=78).

  DPEP1 mRNA 
Characteristic n expression ratio P-value

Age, years   0.188
  <65 31 3.2±1.4 
  ≥65 47 2.7±1.6 
Gender   0.346
  Male 53 3.0±1.6 
  Female 25 2.7±1.5 
TNM   0.117
classificationa

  I 17 2.3±1.3 
  II 28 2.8±1.7 
  III 23 3.5±1.5 
 IV 10 2.7±1.3 
Histology   <0.0001
   (tub1 vs. tub2)
  Tub1b 33 2.3±1.3 
  Tub2c 37 3.7±1.4 
  Otherd   8 1.6±1.3 
Lymph node   0.024
metastasis
  Absent 49 2.6±1.5 
  Present 29 3.4±1.4 
Distant metastasis   0.435
  Absent 74 2.9±1.5 
  Present   4 2.3±1.6 

Values are expressed as the mean ± standard deviation. aUICC TNM 
7th classification (18,19). bWell and cmoderately differentiated tubular 
adenocarcinoma. dSolid-type poorly differentiated, mucinous and 
papillary adenocarcinoma or adenosquamous carcinoma. P-values 
were calculated using Mann-Whitney test or a Kruskal Wallis test, 
where appropriate. DPEP1, dipeptidase 1.
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are inconsistent with those of a recent study, indicating that 
DPEP1 promotes CRC metastasis through regulation of 
E-cadherin expression (17). E-cadherin is a transmembrane 
protein and acts as an anchor between neighboring cells to 
form adherens junctions (7,22). Therefore, it is reasonable that 
loss of E-cadherin promotes cancer metastasis. In addition to 
E-cadherin, Vimentin and neural (N-) cadherin serve as clas-
sical EMT markers for diagnosing whether tumor cells are 
an epithelial phenotype or mesenchymal phenotype. It is well 

known that downregulation of E-cadherin, and upregulation of 
Vimentin and N-cadherin are key markers for EMT, and that 
re-upregulation of E-cadherin is a key marker for MET and is 
also a necessary process of metastasis (6).

EMT and MET are regulated by multiple modulators, such 
as transcription factors, epigenetic modifications, alternative 
splicing, and miRNA networks (6,7). Transcription factors, 
such as snail family transcriptional repressor 1, snail family 
transcriptional repressor 2, twist family bHLH transcription 

Table II. Clinicopathological factors and DPEP1 expression levels (n=55) observed by IHC staining.

 DPEP1 IHC staining
 ---------------------------------------------------------------------------------------------------------
Characteristic n Positive, n=45 (%) Negative, n=10 (%) P-value

Age, years    0.056 
  <65 23 22 (48.9) 1 (10.0) 
  ≥65 32 23 (51.1) 9 (90.0) 
Gender    0.780
  Male 35 29 (64.4) 6 (60.0) 
  Female 19 16 (35.6) 4 (40.0) 
TNM classificationa    0.086
  I 14 10 (22.2) 4 (40.0) 
  II 18 14 (31.1) 4 (40.0) 
  III 16 15 (33.3) 1 (10.0) 
  IV   7   6 (13.3) 1 (10.0) 
Histology    0.021 (tub1 vs. tub2)
  Tub1b 24 17 (37.8) 7 (70.0) 
  Tub2c 26 25 (55.6) 1 (10.0) 
  Otherd   5 3 (6.7) 2 (20.0) 
Lymph node metastasis    0.231
  Absent 33 25 (55.6) 8 (80.0) 
  Present 22 20 (44.4) 2 (20.0) 
Distant metastasis    1.000
  Absent 48 39 (86.7) 9 (90.0) 
  Present   7   6 (13.3) 1 (10.0) 

Values are expressed as the mean ± standard deviation. aUICC TNM 7th classification (18,19). bWell and cmoderately differentiated tubular 
adenocarcinoma. dSolid-type poorly differentiated, mucinous and papillary adenocarcinoma or adenosquamous carcinoma or adenosquamous 
carcinoma. P-values were calculated using Fisher's exact test or a χ2 test, where appropriate. DPEP1, dipeptidase 1; IHC, immunohistochemical.

Table III. Epithelial to mesenchymal transition status and DPEP1 mRNA expression levels in colorectal cancer patients (n=51).

 Immunohistochemical staining
 --------------------------------------------------------------------------
E-cadherin Vimentin n DPEP1 mRNA expression ratio (means ± standard deviation)

Positive Positive 0 -
Positive Negative 45 2.9±2.0
Negative Positive 0 -
Negative Negative 6 3.1±1.4

DPEP1, dipeptidase 1; E-cadherin, epithelial cadherin.
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factor 1, zinc finger E-box binding homeobox 1 and zinc 
finger E-box binding homeobox 2, have previously been 
investigated (7). Furthermore, there are continued efforts to 
identify a novel EMT regulator to further understand cancer 
progression and metastasis via an EMT process (23). However, 
as the EMT process may be a ‘druggable’ target by specific 
inhibitors, candidate therapeutic targets are being developed. 
Sorafenib is one example of a drug that inhibits EMT via 
histone modifications that occur during EMT in lung adeno-
carcinoma cell lines (24). Currently, sorafenib is used for 
cases with an activating mutation of A-Raf proto-oncogene, 
serine/threonine kinase (25); with further research, sorafenib 
may be administered to CRC patients. In addition, an acti-
vating mutation in fibroblast growth factor receptor 4, which 
enhances EMT in colon cancer cells, is also hypothesized to 
be a therapeutic target of specific inhibitors for CRC (26,27). 
Further experimental studies or mice studies investigating 
the functional role of DPEP1 are required to reveal whether 
DPEP1 may be a candidate therapeutic target for CRC.

In conclusion, the current study revealed that the level of 
DPEP1 expression was significantly increased in tumorous 
cells, and no positive correlation was observed between 
DPEP1 and EMT markers. The present results prompt further 
investigations into the efficacy of DPEP1 as a biomarker or 
therapeutic target in CRC.
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