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Abstract

Background: Human Cripto-1, a member of the EGF-CFC family, is involved in embryonic development,
embryonic stem cell maintenance, and tumor progression. It also participates in multiple cell signaling pathways
including Whnt, Notch, and TGF-f. Remarkably, it is expressed in cancer stem cell (CSC) compartments, boosting
tumor cell migration, invasion, and angiogenesis. Although Cripto-1 is overexpressed in a variety of human
malignant tumors, its expression in esophageal squamous cell carcinoma (ESCC) remains unclear. Our aim in this
study was to evaluate the possible oncogenic role of Cripto-1 in ESCC progression and elucidate its association
with clinicopathological parameters in patients.

Methods: In this study, Cripto-1 expression in 50 ESCC tissue samples was analyzed and compared to
corresponding margin-normal esophageal tissues using quantitative real-time PCR.

Results: Cripto-1 was overexpressed in nearly 40% of ESCC samples compared with normal tissue samples.
Significant correlations were observed between Cripto-1 expression and tumor differentiation grade, progression
stage, and location (p < 0.05).

Conclusions: Our results indicate that overexpression of Cripto-1 is involved in the development of ESCC.
Further assessment will be necessary to determine the role of Cripto-1 cross talk in ESCC tumorigenesis.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is
the most common cancer in the "Central Asian
Esophageal Cancer Belt,” which reaches from
China to northeast Iran. Because various molecular
mechanisms can influence the initiation,
progression, and invasion of ESCC (1), better
understanding of signaling pathways utilized
during ESCC development may improve
prognoses, diagnoses, and treatment strategies.

Therefore, identifying molecular markers involved
in various ESCC signaling pathways seems critical
(2). Cripto-1 (CR-1) or teratocarcinoma-derived
growth factor-1 (TDGF-1), a member of the
EGF-CFC gene family (epidermal growth
factor- Cripto/FRL1/Cryptic as a cysteine- rich
region), plays a critical role in self-renewal and
pluripotency capabilities of embryonic stem cells
(ESC) (3). CR-1, an identified oncogene, is
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overexpressed in a wide spectrum of human
malignant solid tumors, introducing a potential
therapeutic target for human cancers (4, 5).
Increased CR-1 expression is significantly
associated with initiation and aggressiveness of
human cancers. Intriguingly, CR-1 shows an
embryonic pattern of gene expression, commonly
expressed in ESCs but not in normal adult tissues
or normal cell lines (6, 7). Overexpression of CR-1
in human tumors may confirm the linkage between
stem cell biology and tumor development (8, 9),
and identify effective markers to predict cancer
initiation and progression (3). Along with cellular
transformational and angiogenic activities, CR-1
can function through major cell signaling pathways
such as the Nodal/ALK4/Smad-2 and the
Glypican-1/c-Src/MAPK/AKT pathways (10, 11).
CR-1, as a co-receptor for Nodal, a member of the
transforming growth factor B superfamily, binds to
the activin-like kinase type | (ALK4) and type Il
receptor complex (ActRII), triggering Smad-
2/Smad-3  phosphorylation and  Smad-4
accumulation to mediate transcription of target
genes. Consequently, CR-1/Nodal signaling
participates in early embryonic development and is
involved in formation of the primitive streak and
patterning of the anterior/posterior axis. (12). In
addition, the interaction of CR-1 with glypican-1, a
heparin sulfate proteoglycan, can boost the tyrosine
kinase c-Src, enhancing activation of mitogen-
activated protein kinase (MAPK) and AKT in a
Nodal-independent manner. Activation of the
MAPK and AKT intracellular signaling pathways
affects cell growth, differentiation, motility, and
survival (13, 14). CR-1 can also prevent signaling
by other members of the TGF-f family, such as
TGF-B1 and activin A/B, leading to tumor cell
growth (15). Wnt and Notch signaling target genes
are directly involved in ESCC progression and
development, and their deregulation plays a
fundamental role in tumorigenesis (1, 16). CR-1
interacts with several components of various
signaling pathways, including Wnt, Notch, TGF-f,
Oct-4, and NANOG (17). CR-1 is a downstream
target gene of the Wnt/B-catenin signaling pathway,
and its interaction with Wnts can regulate different
biological activities including embryo development,
stimulation of cell migration, invasion, and epithelial-
to-mesenchymal transition (EMT) (12). Remarkably,
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the Wnt pathway is activated in both normal and
cancer stem cells, playing roles in cell cycle
regulation and self-renewal (18). Moreover, cross talk
occurs between Notch and the Nodal/CR-1 signaling
pathway, suggesting Notch directly regulates the
expression of Nodal, and CR-1 binds to all four
Notch receptors (19). Notch, as an upstream gene of
Nodal, is essential for the induction of Nodal
expression (20). Notably, Notch signaling affects
embryogenesis, cell differentiation, proliferation,
organogenesis, and apoptosis, and its deregulation
may induce carcinogenesis (16, 21). CR-1 is a
downstream target of the transcription factors Oct-4
and NANOG, which regulate CR-1 expression
through binding to the CR-1 promoter. In addition,
these are stem cell-related genes. This suggests that
CR-1 expression can mediate NANOG and Oct-4
function by initiating and maintaining their expression
(22, 23). It is to be mentioned that the master
transcriptional complex containing Oct-4, Sox2, and
NANOG can deregulate differentiated cells to the
pluripotent stem cell phenotype (24).

Considering the important role of this embryonic
cancer stem cell marker in different cell signaling
pathways, evaluation of its clinical relevance in
cancer may be crucial for cancer therapy. The impact
of CR-1 mRNA expression on ESCC progression
and development has not been investigated, although
its overexpression was reported in various
malignancies. Therefore, our aim in this study was to
analyze CR-1 expression and determine its
clinicopathological relevance in ESCC.

Materials and Methods

Patients and Tissue Samples

Fresh tumor and distant tumor-free tissue
samples were collected from 50 ESCC patients
who underwent esophagectomy at the Omid,
Qaem, and Imamreza Hospital of Mashhad
University of Medical Sciences (MUMS), Iran,
and transferred to RNAlater solution (Qiagen,
Hilden, Germany). The recruited patients had not
received chemo- or radio-therapeutic treatments
before their operations. All tumor samples were
histologically confirmed to contain at least 70%
tumor cells. The study was performed based on
the ethical guidelines of the MUMS. The patients
declared their written informed consent.
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RNA Extraction, cDNA Synthesis, and Quantitative
Real-Time PCR

RNA was isolated and complementary DNA (cDNA)
synthesized from the tumoral and tumor-free samples as
previously described (25, 26). Comparative real-ime
PCR analyses of CR-1 mRNA expression was
performed in duplicate reactions using the primer sets
listed in Table 1 in a Stratagene Mx-3000P thermo
cycler (Stratagene, La Jolla, CA) applying the SYBR
Green (Ampliqune, Denmark) method.

The housekeeping glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene was applied as an
internal control to normalize real-time PCR data through
the comparative cycle threshold (Ct) method (27-29).
The following thermal profile was applied: 5 min at 95
°C as the initial denaturation step, followed by 40 cycles
at 95 °Cfor 30's, 58 °C for 30 s, and finally 72 °C for 30
s. Foldchange measurement of CR-1 mMRNA
expression in tumors relative to normal tissue was
assessed as described before (30, 31).

Table 1. Primer sequences used in real-time PCR.

Forward primer

Reverse primer

Cripto-1 GGGATACAGCACAGTAAGGAG ACGGTGGTAGTTCTGGAGTC
GAPDH GGAAGGTGAAGGTCGGAGTCA GTCATTGATGGCAACAATATCCACT

Statistical analysis

Data was analyzed using the SPSS 199 (SPSS,
Chicago, IL, USA). The ? or Fisher’s exact tests
were applied to evaluate correlations between
categorical variables and CR-1 mRNA expression.
Comparisons of expression levels with lymph node
metastasis, tumor depth of invasion, tumor location,
grade, and tumor stage were performed via the
independent sample t test and ANOVA. Results were
considered significant with p values < 0.05.

Results

Study Population

CR-1 expression was assessed in ESCC samples by
comparative real-time PCR. The ESCC patients'
clinicopathological features are shown in Table 2.
The 50 ESCC patients recruited in this study included
26 (52%) females and 24 (48%) males with a mean
age * standard deviation (SD) of 61.94 + 11.76 years.
Patient ages ranged from 30 to 87 years. The tumor
specimens’ mean size £ SD was 42 + 1.86 cm.
Tumor sizes ranged from 1.5 to 12 cm. Twenty-six
(52%) tumor samples were cut from the middle and
23 (46%) from lower regions of the esophagus. The
entire esophagus was involved in one sample. Thirty-
three (66%) samples were moderately differentiated,
while 8 (16%) and 9 (18%) were poorly and well
differentiated, respectively. One tumor sample (2%)
was in stage | of tumor progression, while 29 (58%)
and 20 (40%) were in stages Il and 11, respectively.

In addition, 42 (84%) of tumor tissues showed
advanced depth of tumor invasion categorizing as

T3/T4, and 23 (46%) tumors had metastasized to
lymph nodes.

Up-regulation of Cripto-1 in ESCC patients

We evaluated CR-1 mRNA expression in 50 tumors
and their paired normal specimens by real-time RT-
PCR. The expression pattern of all patients is illustrated
as a scatter plot in Fig. 1. Nineteen (38%) of the ESCC
tumors overexpressed CR-1. The fold-changes ranged
from -6.62 to 6.33 (mean + SD = 0.58 + 2.48). The
expression levels in underexpressed/unchanged vs.
overexpressed samples are presented in Fig. 2 as a box
plot. Nineteen (38%) and six (12%) samples showed
normal and underexpression of CR-1 mRNA,
respectively.

Association of patients’ clinicopathological
variables with Cripto-1 mRNA expression

To evaluate the effect of CR1 gene expression on
ESCC progression and development, we investigated
the associations between CR-1 expression and
patients’ clinicopathological features. The results are
listed in Table 2. In the tumor samples that
overexpressed CR1, expression was significantly
correlated with tumor cell progression stage,
differentiation grade, and tumor mass location (p <
0.05). Of the 19 patients with CR-1 overexpression,
the tumors of the middle esophagus showed higher
levels of CR-1 expression than tumors of the lower
esophagus (mean fold change = SD = 0.683 + 0.407
vs. 0.495 +0.617, p = 0.05). Furthermore, higher CR-
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1 expression correlated with higher grade of tumor
differentiation (p = 0.05). Moreover, the stage Ill CR-
1 overexpressers had higher CR-1 expression than the
stage 1l overexpressers (mean fold change = SD =
0.756 + 0595 vs. 0.55 + 0432, p = 0.016). Nine of

the 19 (47.4%) tumor sample CR-1 overexpressers
had metastases to lymph nodes. The tumors with
lymph node metastasis had higher levels of CR-1
expression than those without (mean fold change +
SD =0.681+0.477 vs.0.499 £ 0.514).

Table 2. Correlations between Cripto-1 expression and clinicopathological characteristics of the ESCC patients

Criteria Total Cripto-1 overexpression pvalue

Patients 50 19

Age (meanzx SD) 61.94 +11.76 years

Size (mean = SD) 42+186¢cm

f/le;‘le 24 (48%) 0(526%)

Female 26 (52%) 9 (47.4%)

Location 23 (48%) 11 (57.9%)

Lower

Middle 26 (52%) 8(42.1%) 0.05
0, -

Middle and lower 1(2%)

Crade 8 (16%) 2 (105%)

M D 33 (66%) 12 (63.2%) 0.05

WD 9(18%) 5 (26.3%)

\'-(zg‘ph node 23 (46%) 9 (47.4%)

No 27 (54%) 10 (52.6%)

IStage 1(2%) )

" 29 (58%) 11 (57.9%) 0016

i 20 (40%) 8(42.1%)

ig/r_rr]gr invasion (T) 8 (16%) 5 (26.4%)

T34 42 (84%) 14 (73.7%)

WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated
NO: No regional lymph node metastasis; N1: Metastasis in 1 to 2 regional lymph nodes;
N2: Metastasis in 3 to 6 regional lymph nodes; N3: Metastasis in 7 or more regional lymph nodes
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Fig. 1. Scatter plot of Cripto-1 expression in ESCC patients.
The Y-axis indicates the fold change of gene expression, and
the X-axis represents the patients. A two-fold increase in gene
expression in tumor tissue was considered overexpression,
whereas a two-fold decrease was considered as
underexpression. Expression levels between the two were
defined as normal.
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Fig. 2. Box plot representation of relative Cripto-1 mRNA expression in ESCC patients. The Y-axis indicates the fold change in
expression, and the X-axis represents the patient groups. This plot represents the lowest, median, and highest observations of fold
changes in patients either with normal, underexpressed, or overexpressed Cripto-1.

Discussion

Cancer cells and embryonic stem cells regulate
cell signaling pathways in similar ways (32). A
small subpopulation of either adult or progenitor
stem cells can contribute cancer stem cells
(CSCs), which support the growth and
maintenance of tumor cells in most types of
cancers, including colon, breast, prostate, and
ESCC (24). Therefore, investigation of stem cell
regulatory genes in cancers may help to identify
potential biological markers for early diagnosis.

Cancer cells proliferate from CSCs, and recent
findings have demonstrated that CR-1 s
overexpressed in human embryonal carcinoma
cells, which have cancer stem cell-like features
(33). CR-1 has a key regulatory role in early
embryogenesis, oncogenic proliferation, and
transformation via its activity in multiple signal
transduction pathways, which include TGF-f,
Notch, and Wnt signaling cascades. CR-1
overexpression can induce cell proliferation,
epithelial-to-mesenchymal transition (EMT), and
tumor angiogenesis (34, 35). CR-1 induces
invasion, tumor cell proliferation, cellular
migration, and cell motility in many different
cancers (10).

Previous studies reported that CR-1 is
significantly up-regulated in various cancers (36).
Furthermore, a correlation between CR1
expression and cancer cell proliferation, both in
vitro and in vivo, has been demonstrated. CR-1
MRNA overexpression has been demonstrated in

the early stages of colon and breast cancers (5, 37,
38), and CR-1 protein overexpression has been
shown in breast and cervical carcinomas, gastric
and pancreatic adenocarcinomas, and oral
squamous cell carcinoma (10). Previous studies of
several cancers have shown that CR-1
overexpression may be an early event in
tumorigenesis (10). Accordingly, the high CR-1
expression in most malignant tumors, but its
absence or low expression in normal tissues, as
well as its role in various signaling pathways,
indicate CR-1 may be a potential marker for
cancer prognosis and target for treatment (11).

In this study CR-1 mRNA expression was
elucidated in human ESCC using real-time RT-
PCR. CR-1 overexpression was detected in 38%
of our ESCC samples. CR-1 expression also
correlated with  ESCC linicopathological
characteristics including tumor grade, stage, and
location. These results demonstrate the
contribution of CR-1 in ESCC tumorigenesis.
CR-1 was overexpressed in moderately- and well-
differentiated ESCC samples. Previous studies
have demonstrated the correlation between CR-1
overexpression with high grade, moderately- and
well-differentiated breast and cervical carcinomas,
gastric adenocarcinomas, oral squamous cell
carcinoma, and bladder cancer (3, 5, 10, 39),
although no correlation was reported between
CR-1 expression and the tumor grade in
pancreatic neoplasms (40). Furthermore, CR-1
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expression was significantly associated with the
tumor stage, with overexpression found in the
advanced stage (Ill). In gastric, cervical, and
nasopharyngeal carcinomas, CR-1 overexpression
was significantly associated with advanced
clinical stages (40-42). The significant correlation
of CR-1 mRNA expression with high grade and
stage indicates a critical role for CR-1 in ESCC
proliferation and metastasis.

Other  clinicopathological  characteristics,
including lymph node metastasis, tumor size, and
depth of tumor invasion have been demonstrated
to associate with CR-1 expression in gastric,
cervical, and nasopharyngeal carcinomas (40-43);
however, no significant correlation was found
between these clinical parameters and CR-1
expression in ESCC. It has been illustrated that
CR-1 affects tumor cell formation, invasion,
migration, and metastasis, as well as tumor
angiogenesis. Our findings indicate CR-1
involvement in ESCC invasion and metastasis.
Although the precise role of CR-1 in ESCC
progression is not yet clear, it can activate various
signaling  pathways leading to ESCC
development.

The molecular oncogenic mechanisms of CR-
1 remain to be elucidated; however, various
functions for CR-1 protein can be described.
First, it is a vital factor during normal
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