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h i g h l i g h t s
� Developmental pluripotency-associated 2 (DPPA2) is overexpressed in colorectal cancer.
� DPPA2 expression is correlated with the depth of tumor invasion and progression of tumor cells through advanced stages in CRC.
� This can shed light on the existence of stemness state regulatory transcriptional network in maintenance of CRC self-renewal.
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Introduction: Colorectal cancer (CRC) is one of the most important common causes of cancer-related
death globally and reorganization of regulatory mechanisms controlling initiation, progression and
metastasis of the CRC is critical to improve the prognosis, diagnosis and effective therapeutic treatment
of the patients. One of the newly identified pluripotency genes which is expressed specifically in
pluripotent stem cells is developmental pluripotency-associated 2 (DPPA2). It may play important roles
in the maintenance of pluripotency of ESCs and is associated with abnormal cell growth and cancer
formation. Methods: Protein expression of DPPA2 was specifically analyzed in tumors and their margin
normals of colorectal epithelium in 50 new cases CRC patients by immunohistochemical staining. Re-
sults: DPPA2 protein was significantly overexpressed in 60% of samples (30 of 50, P < 0.01). This level of
protein expression was significantly correlated to the depth of tumor invasion (p ¼ 0.047) and the stage
of tumor progression (p ¼ 0.028). Discussion: Due to existence of transcriptional linkage between
DPPA2/Nanog and OCT4 in mouse ESCs, our results suggest that a pluripotency transcriptional network
consisting of SALL4/OCT4/DPPA2/Nanog, as similar as ESCs, is activated in CRC which not only play
essential roles in maintenance of stemness state and self-renewal characteristics of tumor cells, but also
in progression of CRC cells through advanced stages leading to increase depth of tumor cell invasion.
Conclusion: DPPA2 protein expression is correlated with different indices of poor prognosis and may be
introduced as a new therapeutic marker in adjuvant therapy of colorectal cancer.
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1. Introduction

Colorectal cancer (CRC) is the third most common cause of
cancer-related death worldwide and approximately 1.23 � 106

peoples are affected by CRC leading 6� 105 deaths annually [1]. The
rate of CRC is rising rapidly in Iran and according to the Iranian
annual national registration report, CRC is the third and fifth
.
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common cancer in women and men respectively [2e4]. Age, rich
diet in redmeat, alcohol, colorectal polyps, family history and some
genetic factors are the main risk factors of CRC [1,5]. While surgery
and other therapeutic plans cure over 75% of CRC, more than 40% of
the patients develop recurrences and second malignancies [1].
Therefore, reorganization of regulatory mechanisms controlling
initiation, progression and metastasis of the tumors is important to
improve the survival of CRC patients.

Cancer cells and embryonic stem cells (ESCs) share different
biological properties such as self-renewal, extensive proliferation
potential, pluripotency and differentiation capacity [6]. These par-
allel mechanisms indicate that cancer cells may have similar
functions to ESCs which leads to an attractive concept describing
cancer as a stem cell disease [7]. Maintenance of undifferentiated
state of pluripotent ESCs is regulated by a complex network of
transcription factors such as OCT4, SOX2 and Nanog [8]. These
factors show autologous feedback in a large regulatory circle to
control expression of different pluripotency genes as well as each
other [9,10]. One of the newly identified pluripotency genes which
is expressed specifically in pluripotent stem cells is developmental
pluripotency-associated 2 (DPPA2) [11,12]. DPPA2 gene maps in
chromosome 3q13 over 9 exons coding a protein comprising 297
amino acids which is localized to the nucleus and contain DNA/RNA
binding SAP motif (SAF-A/B, Acinus, and PIAS). DPPA2 is expressed
in ESCs and involved in maintenance of ESCs pluripotency and self-
renewal [13]. Furthermore, it has been suggested that low level of
DPPA2 gene expression reduces alkaline phosphatase activity and
decreases expression of the pluripotency genes, leading differen-
tiation of ESCs [12]. In addition, it is proposed that DPPA2 may play
important roles in the maintenance of pluripotency of ESCs and is
associated with abnormal cell growth and cancer formation
[12,14,15].

To evaluate probable role of DPPA2 in tumorigenesis, different
studies have analyzed the expression of DPPA2 in a variety of
cancers including liver, non small cell lung and lymphoma malig-
nancies and have showed the expression of DPPA2 in approxi-
mately 30% of tumor specimens. However, squamous cell
carcinomas expressed DPPA2 at higher levels in comparison with
other histological subtypes of malignancies [14,16], and up to date,
there is no report focusing on protein expression of DPPA2 in CRC
and its probable clinical relevance. Our aim in this study was to
investigate the protein expression of DPPA2 in normal and tumor
tissues of CRC patients and to evaluate the probable correlations
between the pattern of protein expression and different clinico-
pathological features.

2. Materials and methods

2.1. Study population

A total of 50 CRC patients were recruited in this study from the
Ghaem Hospital of Mashhad University of Medical Sciences
(MUMS). All patients did not receive any preoperative therapeutic
modality such as radio- or chemo-therapy treatments. De-
mographic and social habits of patients were obtained by trained
interviewers and filled in standard forms. The study was approved
by ethics committee of MUMS. Tumor samples andmacroscopically
corresponding adjacent normal tissues from eligible patients were
removed after surgery. Tumor and normal tissues were histologi-
cally confirmed as colorectal malignancy and tumor free tissues,
respectively. The eligibility criteria for enrolled CRC patients were
strictly controlled. First, the patients should have primary colo-
rectal cancer with no history of previous cancer in other organs.
Second, the patients who had received no therapeutic plan such as
chemotherapy or radiotherapy were selected. And finally, the
consent forms should be signed by all of the enrolled patients. All
samples dissected and fixed in 70% formalin and embedded in
paraffin.

2.2. Immunohistochemistry

Formalin fixed paraffin embedded (FFPE) sections, 3 mm in
thickness, were obtained from colorectal tumors and correspond-
ing adjacent normal specimens and mounted on poly-L-lysine-
coated slides for immunohistochemistry (IHC) study. Briefly, slides
were dewaxed and rehydrated in a series of graded alcohol, placed
in 10 mmol/L citrate buffer pH 6.0 as retrieval solution to unmask
the epitopes in a microwave oven for 40 min. The sections were
allowed to cool down in room temperature and then incubated by
endogenous peroxidase for 10 min. After blocking endogenous
peroxidase activity, primary mouse monoclonal DPPA2 antibody
(Abcam, Cambridge, UK) at a working dilution of 1/200 at 4 �C was
used overnight. Process was followed by phosphate buffered saline
washing. The primary antibody were detected with EnVi-
sionTM þ System/HRP, Rabbit/Mouse (DABþ) (DakoCy-tomation,
Carpinteria, CA, USA), a secondary antibody. Finally, the results of
staining were visualized by Meyer's Hematoxylin, followed by
acidified hematoxylin counterstaining for 1 min. At the end, sec-
tions were deeped through a sequence of increasing concentrations
of alcoholic solutions and cleared in xylene. DPPA2 positive section
was used in every section analysis. Expert pathologists who were
blinded to the clinical and molecular results evaluated the tissue
slides carefully.

2.3. Evaluation of immunohistochemical staining results

A specified scoring method was used for the assessment of both
the intensity of immunohistochemical staining and the proportion
of stained epithelial cells [17]. The intensity of staining was scaled
from 1 to 3 (1 ¼ weak, 2 ¼ moderate, 3 ¼ strong). Percentage of
positive stained cells were quantified and categorized to five groups
as follow: 0, <5%; 1, 5e25%; 2, 26e50%; 3, 51e75%; and 4, ¼75%.
Staining intensities then multiplied with the percentage of positive
epithelial cells to generate the immunoreactivity score (IS) for each
case. For example, if the staining intensity was moderate 2 and the
percentage of positive cells was >60% (3), then the IS would be
2� 3 ¼ 6. Therefore, the IS ranged between 0 and 12. A cutoff point
was selected considering different expression on normal and tumor
cells.

2.4. Statistical analysis

The Statistical Package for the Social Sciences software version
16.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses.
The correlations between DPPA2 protein expression and clinico-
pathological parameters were evaluated by Spearman test, inde-
pendent sample t test and ANOVA. All tests were two-sided, and p
values <0.05 were considered to be statistically significant.

3. Results

3.1. Detecting DPPA2 expression in FFPE samples

A total of 50 CRC cases (26 male, 24 female) were examined in
this study. The mean age of patients was 55.59 years at the time of
diagnosis. Based on microscopy evaluations, all tumoral slides
contained more than 70% tumor cells to ensure precise evaluation
of gene expression in tumor tissues. Approximately half of the tu-
mor samples (54%) were moderately differentiated (grade II), 36%
and 10% showed poor (grade I) and well (grade III) differentiation,
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respectively. The majority of tumors (66%) were between 2.5 and
6 cm in size and remained 34%were up to 10 cm. 52% of CRC tumors
Fig. 1. Expression of DPPA2 protein. a) Expression of DPPA2 in normal colorectal
epithelium, b) Low expression of DPPA2 in colorectal cancer tissue, c) High expression
of DPPA2 in colorectal cancer tissue.
showed metastasis to the lymph nodes, whereas the rest of them
(48%) were not metastatic.

DPPA2 immunoreactivity was detected in the nucleus and
cytoplasm of both tumor and adjacent normal epithelial cells
(Fig. 1). However, the immunoreactivity of tumor tissues was
significantly higher than normal tissues, and significant over-
expression of DPPA2 protein was detected in 60% of samples (30 of
50, P < 0.01). The samples with IS � 6 were considered as over-
expressed while samples with IS < 6 were considered under-
expression/no change. Furthermore, samples were classified into
three groups based on the expression pattern of DPPA2 protein
(High, low, and negative, Table 1). While all tumor samples showed
both cytoplasmic and nuclear expression of DPPA2 protein, 16 of 50
(32%) normal samples were negative for either nuclear or cyto-
plasmic DPPA2 protein expression. Interestingly, 22 of 50 (44%)
tumor samples were classified as highly expressed DPPA2 tissues
which 86.3% of them (19 of 22) showed cytoplasmic DPPA2
immunoreactivity, whereas in normal tissues only one sample
showed such level of the cytoplasmic protein expression. In normal
tissues, no DPPA2 immunoreactivity was detected in 16 of 50 (32%),
while 33 of 50 (66%) samples showed low nuclear and cytoplasmic
DPPA2 expression.

3.2. Correlation of DPPA2 gene expression with clinicopathologic
features

As shown in Table 1, the expression level of DPPA2 was signifi-
cantly correlated to the depth of tumor invasion (p¼ 0.047) and the
stage of tumor progression (p ¼ 0.028). There was no significant
association between tumor and normal adjacent tissue based on
DPPA2 positive expression. Our result showed that DPPA2 expres-
sion was not correlated to the lymph node involvement, tumor
grade and size.

4. Discussion

Normal stem cells have specific characteristics such as self
renewal, prolonged survival and the power of giving rise to the
differentiated cells. Having accumulated the genetic changes, a
normal stem cell can acquire the malignant phenotype of a cancer
stem cell. The correlations between stem cell specific genes and
several cancer outcomes are widely accepted [18,19]. Since cancer
stem cells are aroused from uncontrolled self renewing of normal
stem cells, the importance of involved genes in the maintenance of
stem cell pluripotency and self renewal is clearly obvious.

In this study we demonstrated that high expression of DPPA2 is
significantly correlated to the depth of tumor invasion of CRC and
tumor cells progression through advanced stages. Previously
DPPA2 was known as a human cancer antigen [14]. This gene is a
member of DPPA gene family which is a cluster of five genes
(DPPA1-5) [12]. The expression pattern of DPPA2 is highly similar to
OCT4, SOX2 and Nanog genes [12,20], but its biological function is
not clear [15]. There are some similar reports focusing on expres-
sion of DPPA2 in different cancers including lymphoma, melanoma,
lung and liver malignancies [7]. DPPA2 is described as a human
cancer antigen which is predominantly expressed in non-small cell
lung cancer and functions through binding to its target proteins
such as OCT3/4 and Nanog, making a complex to maintain active
epigenetic sites [14]. Furthermore, several groups have carried out
mouse in silico analyses comparing DPPA2 gene expression in
different pluripotent cells and suggested a common DNA binding
domain in DPPA2 and DPPA4 protein structures, a SAP motif, which
has DNA/RNA binding ability and plays key roles in chromatin
modification [14,19]. DPPA2 is a direct neighbor of DPPA4 gene,
located at 16.8 kb of non coding sequence downstream of DPPA4,



Table 1
Correlation of DPPA2 protein expression with clinicopathological features of CRC patients.

DPPA2 expression (tumor) DPPA2 expression (normal)

High Low Neg. P High Low Neg. P

Age(years) 57.82 ± 3.39 53.81 ± 2.89 e 0.248 37.00 ± 0.00 54.12 ± 2.96 59.81 ± 2.77 0.637
<60 10 17 e 1 20 6
>60 12 11 e e 13 10

Gender 0.648 0.057
Male 12 (54.5) 14 (50) e e 16 (48.5) 10 (62.5)
Female 10 (45.5) 14 (50) e 1 (100) 17 (51.5) 6 (37.5)

Tumor size 5.25 ± 0.35 5.1 ± 0.34 e 0.872 e 5.33 ± 0.3 4.78 ± 0.44 0.110

Invasion depth 0.047a 0.425
T1 0 (0) 0 (0) e 0 (0) 0 (00) 0 (0)
T2 2 (9.1) 1 (3.6) e 0 (0) 2 (6.1) 1 (6.3)
T3 7 (31.8) 18 (64.3) e 0 (0) 16 (48.5) 9 (56.3)
T4 13 (59.1) 9 (40.9) e 1 (100) 15 (45.5) 6 (37.5)

Differentiation 0.220 0.343
WD* 3 (13.6) 2 (7.1) e e 3 (9.1) 2 (12.5)
MD 14 (63.6) 13 (46.4) e e 18 (54.5) 9 (56.3)
PD 5 (22.7) 13 (46.4) e 1 (100) 12 (36.4) 5 (31.3)

Lymph node 0.393 0.221
N0 11 (50) 13 (46.4) e e 15 (45.5) 9 (56.3)
N1 6 (27.3) 10 (35.7) e e 12 (36.4) 4 (25)
N2 5 (22.7) 5 (17.9) e 1 (100) 6 (18.2) 3 (18.8)

Stage 0.028a 0.292
I/II 13 (59.1) 11 (39.3) e e 14 (42.4) 10 (62.5)
III/IV 9 (40.9) 17 (60.7) e 1 (100) 19 (57.6) 6 (37.5)

* WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated.
a Statistically significant.
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arranged in the same transcriptional orientation and share 32%
identity and 47% similarity at the amino acid level with DPPA4 [21].
These data strongly suggest that they are derived from a common
ancestor gene [21].

DPPA2 protein has binding site for POU domain and SOX pro-
teins [22]. Different reports emphasize the transcriptional linkage
between DPPA2/Nanog and OCT4 in mouse ESCs, where OCT4 may
regulate expression of DPPA2 and Nanog [23,24]. Du et al. have
indicated that expression of DPPA2 as well as OCT4 and Nanog in
mouse ESCs is decreased upon differentiation. Although it has been
reported that coexpression of DPPA2 and OCT4 might be involved
in regulation of the ESCs differentiation to the endoderm, tro-
phectoderm and germ layer cells, there are evidences that indicate
the regulatory role of OCT4 on DPPA2 and Nanog genes expression
[12,21,25]. Our group also showed that DPPA2 mRNA is overex-
pressed in CRC in correlation with lymph node metastasis of tumor
cells especially in advanced stages (III/IV) of CRC progression and
development [26].

Having combined these data with DPPA2 expression which is
reported here, we can hypothesize that a pluripotency transcrip-
tional network consisting of SALL4/OCT4/DPPA2/Nanog is activated
in CRC, as similar as ESCs, which play essential roles not only in
maintenance of stemness state and self renewal characteristics of
tumor cells, but also in progression of CRC cells through advanced
stages leading to increase depth of tumor cell invasion. Such finding
strongly suggests that CRC progression and development might be
related to stem cell-like cells contribution in tumorigenesis and
confirms hypothesis of cancer stem cell-based tumor development
and progression. Since this regulatory transcriptional network is
very important in maintenance of undifferentiated state of stem
cells and regulates their proliferation and self-renewal, we can also
hypothesize that any malfunction in such network may lead to
initiation and/or development of CRC through direct or indirect
mechanisms.

5. Conclusion

We explored the DPPA2 protein expression in CRC patients and
revealed its significant high expression in tumor cells. Our results
showed that DPPA2 expression was significantly correlated to the
depth of tumor invasion and progression of tumor cells through
advanced stages in CRC. This can shed light on the existence of
probable regulatory transcriptional network of SALL4/OCT4/
DPPA2/Nanog inmaintenance of stemness state and self-renewal of
CRC cells. Based on our knowledge, this is the first report eluci-
dating DPPA2 protein expression in CRC and its probable correla-
tions with clinicopathological features of the patients.
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