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High Expression of Stem Cell-Related Genes in Polyps with
Villous Features and High-Grade Dysplasia Support Malignant
Phenotype and Colorectal Carcinogenesis
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Abstract

Objective: The aim of this project is to identify the differences in expression levels of stem cell related genes (SCRGs)
in normal colon tissue, histopathologically staged colon polyps and colon cancer, and to explain the role of SCRGs in
the formation of CC and for contributing the practical usage of SCRGs in the diagnosis and treatment of CC. Methods:
Normal colon tissue, hyperplastic polyps, histopathologically (HGD and LGD) staged tubular, tubulovillous and villous
polyps and colon cancer paraffin tissue (FFPE) samples were used. Transcription factor genes (OCT4, KLF4, SOX2,
MYC, NANOG, and REX1) and cell surface markers (CD133, LGRS), which are associated with embryonic stem
cells, induced pluripotent stem cells, and cancer stem cells, have been selected for measuring expression levels from
the selected tissues. After isolation of total RNA from FFPE tissues, SCRGs expressions were measured by RT-qPCR
method. Results: SCRGs expression differences were detected in normal-adenoma—cancer progression. A significant
increase was observed in the expression of LGRS (p: 0.01) and PROM1 (p: 0.005) genes in villous HGD polyps, LGRS
(p: 0.003) gene in G1, and LGRS (p: 0.0002) and MY C (p: 0.002) genes in G2 stage tumor tissues. When compared with
each other, a significant increase in SCRGs expression is noticeable in the formation from adenoma to cancer tissues
regarding malign phenotype. Conclusion: This study shows that the increase of SCRGs expressions occurs with high-
grade dysplasia (HGD), villous features, and the malignant phenotype. Increased expression levels of LGRS, PROMI,
KLF4, SOX2, and MYC in HGD and cancerous tissues support the malignant phenotype and the existence of cancer
stem cells and demonstrate that they can be used to assess diagnosis and prognosis. Identification of tissue-specific
SCRGs expressions will help design new therapies to control the development and progression of colonic neoplasia.
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Introduction

Colorectal cancer (CC) is one of the most common
cancers worldwide, and between one and two million new
cases are diagnosed each year, making CC the fourth most
common cancer. It is the third most common cause of
cancer death, with 700,000 deaths annually. Although one
of the most known cancers, the reality that CC causes over
2 million new cases, and over 1 million deaths annually
shows that this problem should be better enlightened
(Rawla et al., 2019).

From benign adenoma to malignant adenocarcinoma
and metastasis, CC formation follows a long, gradual
process (Harris and McCormick, 2010). All types of

adenomas show dysplasia with abnormal glandular
architecture and damaged intracellular structures. The
degree of dysplasia is varied, and in severe dysplasia,
malignancy risk increases.

Stem cells (SCs) can be divided into three groups:
embryonic, germinal, and progenitor somatic SCs
(Reya et al., 2001). About 25 transcription factors (TFs)
are expressed in stem cells. OCT4, SOX2, KLF4, and
NANOG form an essential regulatory network for the
maintenance and self-renewal of embryonic stem cells.
These TFs are strongly expressed in embryonic stem
cells, but are mostly suppressed in normal somatic cells,
except for a few adult stem cell types. Increasing evidence
suggests that embryonic specific TFs are overexpressed
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in human tumor tissues, implying the existence of cancer
stem cells. CSCs are distinguished by the expression of
stemness-related markers seen in embryonic stem cells
(ESCs) and adult stem cells, the two major kinds of human
stem cells. Retrospective investigations on patient cohorts
have also linked TF expression to survival outcomes in
certain tumor types, suggesting that TF expression levels
may help predict patient prognosis. Detecting the amount
of expression of these TFs may therefore help in tumor
diagnosis, classification, and treatment options (Zhao et
al., 2017).

Tumors have a heterogeneous structure consisting
of multiple structures and functions of a mixture of
cells. Stem cells are potential candidates for malignant
transformation due to their capacity to self-renew and
dedifferentiate, resulting in the acquisition of both
genetic and epigenetic changes needed for carcinogenesis
(Wuputra et al., 2020). Cancer stem cells (CSCs) are
known to lie at the center of this heterogeneous structure
(Ghoneim et al., 2020). Cancer stem cells (CSCs), with
their capacity to self-renew and differentiate into several
lineages, are self-renewing cells responsible for tumor
onset, recurrence, resistance to treatment, differentiation,
invasion, and metastasis (Nguyen et al., 2012).

OCT4, SOX2, NANOG, and KLF4, which are
pluripotency factors specific to embryonic SCs, are called
induced pluripotent stem cells (iPSC) or Yamanaka factors.
These factors, which have been identified in embryonic
stem cells, were first used by Yamanaka et al. (2006)
and then by Wernig et al. (2007) in the transformation
of adult cells into pluripotent cells (Takahashi and
Yamanaka, 2006; Wernig et al., 2007). OCT4, NANOG,
SOX2, and REX1 are the four fundamental stemness
transcriptional factors responsible for cellular pluripotency
and differentiation (Javed et al., 2021). ESC regulation,
cellular reprogramming, and carcinogenesis may all be
regulated by the same fundamental master regulators.
Treatment resistance of lethal tumors was linked to OCT4,
SOX2, and NANOG in cancer patients (Hepburn et al.,
2019).

It has been reported that cells that initiate colon cancer
express markers such as LGRS and CD133 (Srinivasan
et al., 2016). LGRS is a G-protein coupled receptor that
may interact with and activate Wnt signaling by binding
to the furin-like repeat FU2 domain of R-spondin (de
Lauetal., 2014). LGRS has been identified as a potential
marker for CC stem cells. LGRS stimulation of Wnt and
TGF-b signaling in cancer stem cells has just recently been
discovered. LGRS overexpression promotes treatment
resistance and cancer stemness in both brain tumors and
CC. The presence of LGRS enhances cell-cell adhesion,
which promotes stemness and inhibits invasiveness and
migration (Javed et al., 2021). These results point to LGRS
as a possible marker of CC stem cells.

MYC has a gene activation function, a finding
consistent with MYC’s ability to regulate multiple
coactivator complexes (Adhikary and Eilers, 2005).
Oncogenic deregulation of MYC expression produces
cells with tumor phenotype during normal development.
REX1 (ZFP42 or REXO1) is a known marker of
pluripotency and is usually found in undifferentiated
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embryonic stem cells and teratocarcinoma cells. Besides
being a pluripotent marker, its regulation is also critical to
maintaining the pluripotent state (Filipczyk et al., 2015).

In this study, we performed an expression study on
116 patients to explain the importance of stem cell related
genes (SCRGs) in normal colon tissue, histopathologically
staged colon polyps and colon cancer (CC), and the role
of SCRGs in the formation of CC and for contributing the
practical usage of SCRGs in the diagnosis and treatment
of CC. Our data broadens the knowledge of SCRGs and
provides insights for colon carcinogenesis.

Materials and Methods

Tumor Samples and Patients

Formalin-fixed paraffin-embedded (FFPE) tissue
sample blocks were taken from Ataturk University Faculty
of Medicine, Department of Pathology. Healthy colon
tissue of CC patients was used as normal control. Normal
colon tissue, hyperplastic polyps, histopathologically
(HGD and LGD) staged tubular, tubulovillous and villous
polyps, and colon cancer FFPE samples were used (Table
1). Except for the control group, ten groups were formed
(Table 1). Each group was compared with the control
group, a fold change of 2 or more than 2 was considered
significant.

RNA Extraction, cDNA synthesis, and gRT-PCR

MiRNeasy FFPE Kit (Qiagen, Germany) was used
for isolation with QIAcube (Qiagen, Germany). Total
RNA was isolated according to the manufacturer’s
protocol. RNA quantity and quality were measured with
QIAxpert (Qiagen, Germany). A260: A230 ratio was
greater than 1,7, and A260: A280 ratio was between
1,8 to 2. Preamplification step was performed with RT2
PreAMP cDNA Synthesis Kit (Qiagen, Germany) on
samples containing sufficient quantity and quality of RNA.
PreAmp primers were specially designed and used for the
POUSF1 (OCT4), KLF4, SOX2, MYC, NANOG, REX1,
PROMI (CD133), LGRS, and ACTB genes. This step
was added due to the amount and purity of RNA obtained
from FFPE tissues could be variable and low. Steps were
followed according to the manufacturer’s protocol, and
the quantity and quality of RNA were increased. 100 ng
of RNA was used for cDNA synthesis.

An expression study was performed using RT2 qPCR
Primer Assay (Qiagen, Germany) and SYBR Green dye.
RNAfold and Beacon Primer Designer (Premier Biosoft
International) software were used to evaluate the structure
and functionality of the primers. Real-time PCR protocol
for Rotor-Gen Q (Qiagen, Germany) and RT2 qPCR
Primer Assay (Qiagen, Germany) was applied according to
the manufacturer’s protocol. To check the PCR specificity,
dissociation (melting) curve analysis was carried out. Ina
melting curve program using real-time loop software, the
first derivative dissociation curve was constructed for each
well. A single peak was seen for each gene in each reaction.

Data Analyses
The data were evaluated in the SPSS version 20.0
statistics program. Student T-test was used to compare the



two independent groups in terms of numerical variables
with normal distribution, and p <0.05 was considered
statistically significant. Graphics were prepared with
Python (version 3.9.2).

Results

The mean age of the enrolled patients was 61 years.
SCRGs expressions were present in normal tissues,
possibly due to intestinal stem cells; even their expression
levels were higher than most polyps. In hyperplastic
polyps (group 1), there was a significant decrease in
the expression of PROM1 (p: 0.01), POUSF1 (p: 0.02),
LGRS (p: 0.01) and REX1 (p: 0.01) genes compared
to the control group. In tubular LGD polyps (group 2),
a significant decrease was found in the expressions of
POUSF1 (p: 0.04) and REX1 (p: 0.02) genes compared
to the control group. In tubular HGD polyps (group 3), a
significant decrease was observed in the expressions of
POUSFI (p: 0.03) and PROM1 (p: 0.047) genes compared
to the control group. Similarly, in tubulovillous LGD
polyps (group 4), a significant decrease in the expression
of POUSF1 (p: 0.03) and PROM1 (p: 0.046) genes was
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observed compared to the control group. There was no

statistically significant difference in tubulovillous HGD

(group 5) and villous LGD polyps (group 6) compared to
the control group (Table 2).

Table 1. Number of Groups and Histopathologically
Staged Tissue Types Used in the Study

Groups Tissue types Number (n)
Control Normal 18
Group 1 Hyperplastic 12
Group 2 Tubular-L
Group 3 Tubular-H
Group 4 Tubulovillous-L 10
Group 5 Tubulovillous -H
Group 6 Villous-L
Group 7 Villous-H 4
Group 8 Cancer-G1 10
Group 9 Cancer -G2 12
Group 10 Cancer -G3 14
Total 116
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Figure 1. Log2 Fold Change of the Stem Cell-Related Genes in Selected Tissues
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Table 2. Comparison of Gene Expression Fold Changes of the Groups Compared to the Control Group

PROM1 MYC KLF4 NANOG LGRS POUSF1 SOX2 REX1 ACTB

Hyperplastic (Group 1)

Fold Change 0.07 0.03 4.53 0.00 0.06 0.01 0.00 0.03 1.00

p-value 0.01 0.15 0.57 0.17 0.01 0.02 0.19 0.01 0.00
Tubular L (Group 2)

Fold Change 0.21 0.11 4.84 0.01 0.23 0.01 0.00 0.02 1.00

p-value 0.0503 0.22 0.77 0.25 0.17 0.04 0.22 0.02 0.00
Tubular-H (Group 3)

Fold Change 0.08 0.08 2.96 0.02 0.82 0.00 0.00 0.09 1.00

p-value 0.047 0.25 0.64 0.24 0.24 0.03 0.26 0.13 0.00
Tubulovillous-L (Group 4)

Fold Change 0.34 0.09 3.05 0.02 0.61 0.01 0.05 0.17 1.00

p-value 0.046 0.21 0.36 0.22 0.15 0.03 0.24 0.77 0.00
Tubulovillous -H (Group 5)

Fold Change 0.19 1.02 0.81 0.57 3.32 0.22 0.34 0.15 1.00

p-value 0.09 0.57 091 0.68 0.19 0.27 0.49 0.15 0.00
Villous-L (Group 6)

Fold Change 0.72 0.54 5.37 0.01 0.37 0.05 0.00 0.09 1.00

p-value 0.48 0.59 0.23 0.26 0.41 0.08 0.26 0.06 0.00
Villous -H (Group 7)

Fold Change 6.88 1.23 7.48 0.06 11.14 0.05 0.10 0.05 1.00

p-value 0.005 0.62 0.98 0.44 0.01 0.19 0.51 0.11 0.00
Cancer-G1 (Group 8)

Fold Change 1.87 5.24 5.65 0.46 10.62 1.36 0.91 0.76 1.00

p-value 0.13 0.15 0.08 0.33 0.003 0.36 0.87 0.52 0.00
Cancer -G2 (Group 9)

Fold Change 0.77 9.49 3.89 0.59 11.46 0.53 203 085 1.00

p-value 0.36 0.002 0.60 0.26 0.0002 0.10 0.81 0.73 0.00
Cancer -G3 (Group 10)

Fold Change 1.27 6.88 9.28 0.46 4.12 0.83 3.23 0.50 1.00

p-value 0.23 0.11 0.12 0.55 0.14 0.87 0.055  0.26 0.00

In villous HGD polyps (group 7), a significant increase  Discussion

was observed in the expression of LGRS (p: 0.01) and
PROMI1 (p: 0.005) genes compared to the control group. A
significant increase in expression of LGRS (p: 0.003) gene
was found in G1 stage tumor tissues (group §) compared to
the control group. A significant increase was observed in
the expression of LGRS (p: 0.0002) and MYC (p: 0.002)
genes in G2 stage tumor tissues (group 9) compared to
the control group. There was no statistically significant
difference in G3 stage tumor tissues (group 10) compared
to the control group. Although some genes in some groups
show more than two-fold change expressions, this change
seems statistically insignificant due to the large difference
between the highest and lowest Delta Ct values (Table 2).
When compared with each other, a significant increase
in SCRGs expression is noticeable in the formation from
adenoma to cancer tissues regarding malign phenotype.
Our study supports that cells with stem cell-like features
increase from adenoma to cancer (Figures 1 and 2).
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The annual incidence of colon cancer is increasing.
Colon cancer is considered to be caused mainly by
adenomatous polyps. The transformation of a polyp into
invasive carcinoma is related to its histopathological
type and size; the degree of dysplasia also determines
the transformation of adenoma into cancer. High-grade
dysplasia (HGD) has a higher risk of transforming into
cancer than low-grade dysplasia (LGD). Neoplastic
cells penetrating the basement membrane and acquiring
metastatic properties mark a critical point in the
progression from adenoma to carcinoma (Ahnen, 2011).

Tumors have a heterogeneous structure, with cancer
stem cells (CSCs) at the center of the structure (Ghoneim
etal., 2020). In many cancers, CSCs are self-regenerative
cells responsible for tumor onset, recurrence, resistance
to treatment, differentiation, invasion, and metastasis
(Hepburn et al., 2019). Although they are rare in cancer
tissue, they are seen as one of the most significant causes
of cancer treatment failure (Clevers, 2011; Nguyen et al.,
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Figure 2. Heatmap: Showing Increased Expression Levels of the Stem Cell-Related Genes from benign to Malignant

Phenotype

2012). DNA methylation studies have revealed that CSCs
resemble embryonic stem cells rather than normal stem
cells (Wong et al., 2008). Therefore, in our study, we
selected transcription factor genes (OCT4, KLF4, SOX2,
MYC, NANOG, and REX1) and cell surface markers
(CD133, LGRS) associated with embryonic stem cells,
induced pluripotent stem cells, and CSCs. Our research
findings support the increase in the number of stem cell-
like cells in the progression from adenoma to cancer.

We saw an increase in POUSF1 expression in tissue
with villous and high-grade dysplasia compared to
other polyp tissue, but this increase was not statistically
significant compared to normal tissue. In their study
on metastasis in colon cancer, Singovski et al. showed
that the metastatic features of cancer reprogrammed
with OCT4, SOX2, KLF4, and +/- cMYC increased.
NANOG expression also increased, but LGRS decreased
(Singovski et al., 2016). OCT4 expression in the intestine
has been reported to cause dysplasia by inhibiting cellular
differentiation, as in ES cells (Yamada and Watanabe,
2010).

Although the expression of KLF4 detected in tissue
with villous and high-grade dysplasia is higher than
that of other polyp tissue, it is also highly expressed in
normal colonic tissue. Hu et al. (2011) stated that KLF4
expression is increased in normal-adenoma—cancer
progression (Hu et al., 2011).

MYC expression, which is low in hyperplastic
and tubular polyps, increases with the acquisition
of HGD and villous features and peaks in cancerous
tissues. Oncogenic deregulation of MYC expression
produces cells with the tumor phenotype during normal
development. High MY C expression levels can block cell
differentiation and improve the self-renewal of processed
and differentiated cells. During tumor progression, MYC
promotes the formation of cancer-initiating cells that

retain developmental plasticity O(Eilers and Eisenman,
2008; Wuputra et al., 2020).

In colon cancer, increased levels of NANOG
expression are associated with advanced cancer stages
and a poor prognosis. NANOG expression is likely
functionally crucial in colon cancer, as overexpression
of the NANOG gene increases the proliferation of cancer
cells (Meng et al., 2010). As the cells begin to differentiate,
REX1 becomes stiff and is abruptly downregulated (Wang
et al., 2006). In our study, REX1 expression levels in
polyp and cancer tissue were low compared to levels
in normal tissue. However, REX1 expression increases
in the progression from adenoma to cancer. It has been
reported that the REX1 gene product is a direct target
of the NANOG gene; REX1 expression is increased by
SOX2 and OCT-3/4 (Shi et al., 2006).

The increased expression of the CD133 gene,
especially in villous HGD polyps (group 7), supports
the presence of cells that highly express CD133. LGRS
is one of the most important markers of colon CSCs
(Langan et al., 2013; Javed et al., 2021). Its expression
gradually increases, especially in polyps showing high-
grade dysplasia (groups 3, 5, and 7) and cancer tissues.
The increasing expression pattern from normal tissue to
cancer is a good indicator that the dominance of cells
expressing LGRS in the environment has increased.
The distribution of the LGRS gene expression increase
in adenomas indicates that a stem cell/progenitor cell
hierarchy is preserved in early neoplastic lesions (Barker
et al., 2009).

The most relevant cancer formation pathways,
such as Wnt, BMP4, and TGFb, are associated with
SCRGs. These signal networks are responsible for tissue
homeostasis. The Wnt pathway, which is closely related
to the oncogenic phenotype, plays an essential role in
the growth and control of stem cell functions in cells.
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Ninety percent of colorectal cancers produce B-catenin and
APC mutations responsible for Wnt pathway activation
(Vermeulen et al., 2010; Javed et al., 2021).

The most significant finding here is the predominance
of LGRS, PROMI1, MYC, and KLF4 in villous HGD
polyps. LGRS and CD133 are the most important colon
CSC markers. Many studies show that LGRS shows
tumor-initiating cells in the intestinal system (Asfaha et
al., 2015). Similarly, cells expressing CD133 have been
implicated in the onset of cancer (Curley et al., 2009). This
research shows that CSC-related factors occur with HGD
and villous features, supporting the hypothesis that polyps
with villous features and HGD have a marked tendency
to develop cancer. LGRS, PROM1, and MY C expression
levels can be helpful in diagnosis and prognosis.

In conclusion, changes in the expression levels of
the chosen genes in cancer tissues are noteworthy. This
supports the hypothesis that stem cell-related factors use
common pathways to perform their functions and are
interdependent. While some comparisons are statistically
insignificant due to high SCRGs expressions in normal
tissues, likely in relation to intestinal stem cells, it is
noteworthy that SCRGs show an increasing pattern of
expression from adenoma to cancer. Identification of
tissue-specific SCRGs expressions will aid in the design
of new treatments for controlling the development and
progression of colonic neoplasia. The results obtained in
this study may form the basis of new-generation genetic
screening tests. Similarly, the development and application
of new and sensitive specific biomarkers in the near future
will aid in developing diagnostic strategies and improving
prognoses.
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