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Abstract

Nowadays colorectal cancer is still considered the third most common cancer in the world. The
tumorigenesis mechanisms of colorectal cancer have been widely studied at a molecular level. It
has been observed that morbidity and mortality caused by colorectal cancer impacts on the global
economy. This occurs through the loss of productivity and the burden on the healthcare system.
Therefore an effort is made by several researchers to expend considerably their resources to
develop treatments and preventative strategies to reduce the incidence of colorectal cancer. A
Large-scale sequencing of genome, proteome, microbiome, and transcriptome analyses of
colorectal cancer tissue has allowed researchers to better understand colorectal cancer subtypes.
Until now the following parameters have been identified with the etiology of colorectal cancer
genetic mutations, inflammatory processes, diet, and the gut microbes. In the current review we
will present the molecular pathways of CRC and discuss novel gene therapy approaches.
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Introduction

According to the latest statistical studies
colorectal cancer (CRC) is considered the third most
common cancer occurring worldwide [1]. Although
several efforts have been made towards diagnosis and
treatment, unfortunately; the incidence and mortality
of colorectal cancer is still high. It has been observed
that the incidence of CRC has increased in most
countries in the past decade, due to the changes in
lifestyle and everyday diet [2]. It has been observed
that physical activity is a key factor that may
significantly reduce the risk of colon cancer and can
be easily be adopted in the everyday lifestyle. In a

recently published meta-analysis in 2009 [3] both men
and women benefited from the protective effect of
exercise. In this study the protective effect in men
seemed a bit more pronounced than in women (24%
versus 21%) when the two genders were compared. It
was also observed in this study that physical activity
also reduced the risk of rectal cancer, but the effect
was not as strong as that in colon cancer [4, 5].
Moreover; reduced incidence of colon cancer was
observed in professionals that required continuous
daily physical activity. In recently published studies it
was observed that nearly 20% of patients were
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diagnosed at an advanced stage with metastatic
disease. The survival rate of CRC was detected at a
localized stage is 90.3%. [6-8] It is known that
approximately half of the CRC diagnosed patients
will eventually progress with metastasis. Liver is
known to be the most common metastatic site. Other
organs which also CRC metastasize are the lung and
bone.[9, 10] There are several examinations such as;
blood testing, immunochemical/molecular testing,
and colonoscopy-based screening which are used for
screening in developed countries as a preventive
measure for the detection of CRC in its early stages.
Colorectal cancer diagnosed in early stage is known
that 10% to 30% still relapses with metastases within
two years of surgical treatment.[11, 12] Researchers in
order to address this issue they use various
technologies such as aCGH, metaphase, and
next-generation sequencing. This technology can
identify prognostic biomarkers in early stage CRC.
Array-based analysis of DNA copy number
aberrations (CNAs), it has been observed to be very
effective in identifying recurrent CNAs in CRC.
Moreover; it has been argued that CNAs of recurrent
nature may be involved in their evolutionary
importance in driving CRC progression.[13, 14]
Furthermore; early detection of cancer will reduce the
number of cancer death because development of a
colorectal carcinoma may take several years. We need
early detection, so there is a large window of
opportunity for curable disease. Moreover; current
studies have identified that ineffective therapies are
due to lack of our understanding of precise molecular
mechanism involved in carcinogenesis. Finally,
chemotherapy is often associated with severe adverse
reactions.[15-17] Currently, different multidrug
combinations that combine agents with proven
anticancer  activity, such as  5-fluorouracil,
capecitabine, oxaliplatin and irinotecan, have been
used for colorectal cancer therapy in the clinic.[18-20]
These drug combinations are being used after patient
molecular screening in order to identify the best
combination. Hence, novel approaches for treatment
of colorectal cancer are needed.

Search Methods

We performed an electronic article search
through PubMed, Google Scholar, Medscape and
Scopus databases, using combinations of the
following keywords: colorectal cancer molecular
pathways, gene therapy. All types of articles
(randomised controlled trials, clinical observational
cohort studies, review articles, case reports) were
included. Selected references from identified articles
were searched for further consideration.

Molecular Pathways

Nowadays it is known that for the epigenetic
alteration, the most studied mechanisms are DNA
methylation, modifications in histone proteins, and
microRNAs [21-23]. In specific the Mutations of TSGs
APC (Wnt pathway controlling gene) and TP53
(genome integrity pathway controlling gene) and
oncogene KRAS (mitogen-activated protein kinases
[MAPK]-signaling pathway controlling gene) are
known to be critical [24] in colon cancer development
and progression. It has been observed that, the KRAS
gene is mutated in 30%-50% of colon cancer tumors
[25, 26]. Moreover; chemotherapy with oxaliplatin is
suggested that is correlated the activity MAPK,
JAK-STAT, and PI(3)K-AKT-mTOR pathways, which
belong to the EGFR-signaling network.[27]Moreover;
concurrent mutations such as APC and KRAS are high
in tumor cells of colon cancer.[24] Furthermore;
mutations of other genes including PIK3CA, SMAD4,
and TP53 are known to trigger the tumor malignancy
and induce metastasis [24]. In mutated KRAS gene
several variants in codons G12 (27%) and G13 (9.1%)
have been observed [28]. In specific, the variants
G12D, G12V, and G13D at exons 2 are among the most
common mutations of KRAS gene,[29] representing
12%, 73%, and 8.1% colon cancer cases,
respectively.[28] Moreover; there are four mutated
genes (AXIN1, KRAS, MLH1, and TGFBRII), which are
associated with the activity of the drugs and belong to
distinct pathways. The molecular regulation of KRAS
and MTOR genes, which belong to MAPK and
PI(3)K-AKT-mTOR pathways respectively, correlate
with the activity of both oxaliplatin and 5-FU. In
laboratory findings it was observed that the activation
of the PI(3)K-AKT-mTOR pathway resulted in drug
resistance to oxaliplatin [30] and 5-FU51-53 in colon
cancer cell lines. Several variants of some genes were
investigated and it was observed that they were
related to the EGFR-signaling network and correlated
with the activity of oxaliplatin or 5-FU or both in the
colon cancer cell lines. It is speculated based on these
findings that members of the EGFR-signaling network
may be used as potential targets alone or together
with oxaliplatin and 5-FU for colon cancer treatment
[31]. Moreover; it has been observed that aberrant
Wnt signaling pathway is associated with a wide
array of tumor types and this pathway plays an
important role in the maintenance of stemness of
colorectal stem cells [32, 33].

Over the past decade research has shown that
cells harboring loss-of-function mutation involving
components of the Wnt signaling cascade, such as
APC, p-catenin and Axin. [34-36] cause aberrant
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transcriptional induction of Wnt/p-catenin target
genes.[37, 38] Novel drug was presented in a recent
study indicating that XAV939 a novel small molecule
inhibitor of WNT signaling pathway, can brake Wnt
signaling pathway in cancer cell lines through binding
to tankyrase (TNKS) catalytic poly-ADP-ribose
polymerase (PARP) domain. The inhibition results in
a marked stabilization of the Axin protein, finally
leading to increased p-catenin destruction.[39]
XAV939 resulted in the WNT pathway inhibition and
induced apoptosis by 5-FU/DDP, accompanied by
lowering the protein expression level alteration of
[B-catenin, Axin and CSC markers in colon cancer
cells.[40] There are several genes such as; IGF1, ESR1,
MMP1, and F2, that are known to be colon
adenocarcinoma-related genes. Insulin-like growth
factor-1 (IGF-1) is known to be one of the factors
contributing to the increased risk in colon cancer.[30]
Insulin-like growth factor-1 can activate also, many
more signaling pathways involved in carcinogenesis,
such as; PI3K/ Akt, MAPK, and STAT3.[41] Therefore;
inhibition of these pathways may have preventive
and therapeutic potential. Estrogen receptor-alpha
(ESR1) is also known to be increased in colon cancer
cell proliferation and also, increases cancer incidence.

During investigation of colorectal adenocarcinoma
cancer cell lines it was observed that NR3Cland PGR
genes were not annotated to be colon adeno-
carcinoma-related, they were associated, however;
they were associated with other cancers. However;
evidence shows that NR3C1 displayed methylation in
carcinomas and that it could appear occasionally in
the early events in colorectal cancer development.[42]
Previous studies indicated that there is a significant
impact of progesterone receptors (PGR) on prognosis
of ER+/HER2- breast cancer.[43] Moreover; PGR
positivity is correlated with response to tamoxifen
therapy, both in the adjuvant setting and metastatic
setting.

Furthermore, the PGR status is an independent
predictive factor for survival.[44] It is speculated that
PGR and NR3C1 genes may also have significant
relationship with colon adenocarcinoma. MiR-590 has
been also investigated and it was found to be a
complement region of RhoB gene.[45] RhoB is known
to have tumor suppressor activity. MiRNAs have
been found to play important roles in regulating hub
nodes and could serve as biomarkers to identify colon
adenocarcinoma.[45, 46] (Figures 1 and 2)

EGFR FAMILY

SMAD2/3/4

B-catenin

PROLIFERATION,
SURVIVAL,
ANTI-APOPTOSIS

Figure 1. EGFR; epidermal growth factor, AKT; Protein kinase B (PKB), mTOR; mammalian target of rapamycin, MEK; Mitogen-activated protein kinase
kinase (also known as MAP2K, MEK, MAPKK), ERK; Extracellular signal-regulated kinases STAT; signal transducer and activator of transcription (STAT)
protein family, JAK3; Tyrosine-protein kinase JAK3, SMAD2/3/4; SMADs are intracellular proteins that transduce extracellular signals from transforming
growth factor beta ligands, PI3K; Phosphatidylinositol-4,5-bisphosphate 3-kinase (also called phosphatidylinositide 3-kinases, phosphatidylinositol-3-kinases,
Pl 3-kinases, PI(3)Ks, RAF; RAF kinases are a family of three serine/threonine-specific protein kinases that are related to retroviral oncogenes, KRAS;

V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog
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Figure 2. The arrows indicate the initiation, transition and progression of colorectal cancer cells

Gene Therapy

Nowadays gene therapy is proposed as a novel
treatment CRC, in specific preclinical data using
adenovirus vectors have shown promising results and
a number of clinical trials utilizing this vector are
underway.[47, 48] Previously the safety of adenovirus
vectors has been established in various phase I trials,
however, the factors determining the efficiency of
gene delivery still remain under investigation. To
enhance the efficiency of in vivo siRNA delivery,
delivery systems, including viral and non-viral
vectors, have been developed. Viral vectors can
achieve highly efficient gene transfer but have the risk
of causing undesired immune stimulation.[49] In
contrast, non-viral vectors such as cationic polymer-
or micelle based carriers (“polyplexes” or
“micelleplexes”)[50] and liposomes have been
reported as good siRNA carriers that can suppress
expression of target genes with very little
immunotoxicity.[51] And polymers such as
polyethylene glycol (PEG) can be conjugated to
siRNA to further improve its stability and prolong its
blood circulation time after intravenous (i.v)
administration.[52] In the study by Lee S. Y. et. al. [53]
a multifunctional theranostic micellar drug delivery
system utilizing cationic = PDMA-block-poly/(e-
caprolactone) (PDMA-b-PCL) micelles as nanocarriers
of SN-38 (7-ethyl-10- hydroxycamptothecin) was
developed. Additionally, the SN-38/USPIO-loaded
siRNA-PEG mixed micelleplexes acted as a negative
magnetic resonance imaging (MRI) contrast agent in
T2-weighted imaging, resulting in a powerful tool for

the diagnosis and for tracking of the therapeutic
outcomes.

In summary, we established a theranostic
micellar drug and gene delivery system that not only
synergistically combined gene silencing and
chemotherapy but also served as a negative MRI
contrast agent, which reveal its potential as a novel
colorectal cancer therapy. The utilization of
biocompatible nanocarriers allows integration of
multiple  functions, including drug loading,
tumor-specific targeting delivery, and gene delivery.
In the study by Hussain A. et. al. [54] it was observed
that PI3K pathway signaling up-regulated cancer cell
proliferation, metastasis and angiogenesis through
modulation of cancer metabolism. These oncogenic
metabolic processes were disrupted, by a novel PI3K
inhibitor, 3-Dihydro-2-(naphthalene-1-yl) quinazolin-
4(1H)- one (DHNQ) in colon cancer cells. DHNQ
inhibited the Warburg effect and lipid synthesis by
reducing gene expression of glycolytic and
lipogenesis regulatory enzymes. In the study by
Davudian S. et. al. [55] results indicated that BACH1
down-regulation in HT29 CRC cells had no effect on
cell growth, however; they inhibited cell migration by
decreasing metastasis-related gene expression. These
results suggested that BACH1 may function as an
oncogenic driver in colon cancer and may represent a
potential target for gene therapy for colorectal cancer
treatment.

In the study by Kiani M. et al [56]
Polyelectrolyte complex (PEC) nanoparticles (PECs)
of chitosan and thiolated dextran were used as either
an injectable or oral gene delivery system. hSET1
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antisense was loaded into the polyelectrolyte complex
(PEC) nanoparticles (PECs) to suppress proliferation
of colon cancer cell line. The nanoparticles prepared
had ~115 nm diameter size and positive zeta potential
with high mucoadhesion properties. They were able
to protect antisense from degradation in serum and
biorelevant fluids (FaSSIF and FaSSGF). The prepared
nanoparticles  demonstrated  superior cellular
penetration and inhibitory effect on SW480 colon
cancer cell proliferation. It was observed that all
nanoparticles significantly down regulated hSET1 in
comparison to naked antisense. It can be concluded
that thiolated polyelectrolyte complex (PEC)
nanoparticles (PECs) have potential use for injectable
or oral delivery of nucleic acids such as antisense. In
the study by Liang X. et. al. [57] F-PLP/pIL15, a
FRa-targeted  lipoplex  loading  recombinant
interleukin-15 plasmid (pIL15) was constructed. Its
antitumor effects in vivo using a CT26 colon cancer
mouse model was investigated. It was observed that
targeted delivery of IL15 gene might be associated
with its in wvivo antitumor effects, which include
inhibiting tumor proliferation, inducing tumor cell
apoptosis, and promotion of the activity of immune
cells such as T cells and natural killer cells. Most
importantly with the additional help of hematoxylin
and eosin staining of vital organs following
F-PLP/pIL15 treatment no detectable toxicity was
observed. Indicating that intraperitoneal
administration of this therapy is safe. F-PLP/pIL15
could be considered a potential targeting preparation
for colon cancer therapy.

In the study by Ayeka P.A.et. al. [58] it was
observed that G.uralensis polysaccharides especially
those of low molecular weight could be used as
anticancer agents. Polysaccharides can up-regulate
anticancer cytokine IL-7, which is important in
proliferation and maturation of immune cells. This
compound can be used for immunomodulation in
cancer therapy. In the study by Zhang B. et. al. [59] the
recombinant L. lactis NZ9000-401-kiss1 successfully
expressing the human kiss1 was constructed. It was
observed that the secreted KiSS1 peptide inhibited
human HT-29 cells’ proliferation and migration
probably. The mechanism of action was probably
induced by invoking, or mediating the cell-apoptosis
pathway and by down regulating MMP-9 expression,
respectively. Results suggested that L. lactis is an ideal
cell factory for secretory expression of tumor
metastasis-inhibiting peptide KiSS1, and that could
serve as a new tool for cancer therapy in the future. In
the study by Song L. et. al. [60] the targeted delivery
system for P6-siRNA was constructed and it was
suggested that it could be an approach to improve
therapeutic efficacy of colon cancer. In specific

integrinf6 target immune-liposomes were
constructed for high efficiency and selective delivery
of B6-siRNA in colon cancer, which consequently
resulted in greater growth suppression, invasion and
metastasis of colon cancer cells.

In the study by Ye P. et. al. [61] it was observed
that HDAC2 can regulate Dox sensitivity of CRC cells
by targeting ABCB1 transcription. Moreover; it was
suggested that HDAC2 might be an important target
for colorectal cancer therapy. Furthermore, the
combination of HDAC2-specific inhibitor and
anticancer drugs including Dox might be an efficiency
doublet approach to enhance treatment of colorectal
cancer. In the study by Oh Y. B. et al [62]
siRNA-mediated down-regulation of livin gene
expression and it was observed that it could
significantly suppress colon cancer growth and
enhance the cytotoxic effects of the anticancer drugs
5-FU and L-OHP. It was observed that silencing livin
gene expression in combination with treatment with
anticancer drugs might be a novel dual anti-cancer
therapy for CRC. In the study by Yu T. et. al. [63] a
novel gene delivery system based on the newly
synthesized copolymer COOH-PEG-PLGA-COOH
(CPPC) was developed. In this study this construction
was capable of overcoming the disadvantages of viral
vectors and cationic lipids/polymers-based non-viral
carriers. In this study PEDF gene loaded CPPC
nanoparticles (D-NPs) were fabricated by a modified
double-emulsion water-in-oil-in-water (W/O/W)
solvent evaporation method. Increased in vitro
antitumor effect was found in two cell lines C26 and
A549 cells treated by D-NPs. Furthermore D-NPs
were also investigated for their in vivo antitumor
activity in a C26 subcutaneous tumor model by
intravenous injection and demonstrated that D-NPs
could achieve a significant antitumor activity with
sharply reduced micro-vessel density and
significantly promote tumor cell apoptosis. Moreover;
it was observed both in vitro and in vivo serological
and biochemical analysis that D-NPs had no obvious
toxicity. All data indicated that the novel CPPC
nanoparticles are ideal vectors for the systemic
delivery of PEDF gene and could be a potential gene
delivery system.

In the study by Zhou D. et al. [64] plasmid of
small interfering RNA (siRNA) to interfere with GHR
expression under diseased conditions involving
hepatic metastases in colon cancer was constructed. In
the study by Li K. et al. [65] results indicate that
siRNA-mediated silencing of B -catenin could inhibit
the proliferation and invasion of SW480 cells and
induce apoptosis. In the study by Zhao C. et. al. [66] a
non-peptide small molecule STAT3 inhibitor, LY5,
using in silico site-directed Fragment-based drug
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design (FBDD) was constructed. The inhibitory effect
on STAT3 phosphorylation, cell viability, migration
and colony forming ability by LY5 were examined in
human liver and colon cancer cells. It was observed
that LY5 inhibited constitutive interleukin-6
(IL-6)-induced STAT3 phosphorylation, STAT3
nuclear translocation, decreased STAT3 downstream
targeted gene expression and induced apoptosis in
liver and colon cancer cells. Moreover; LY5 had little
effect on STAT1 phosphorylation mediated by IFN-y.

In the study by Wang Y. et. al. [67] a combination
of antitumor effects combining interleukin-2/
interferon-P-based gene therapy in colorectal cancer
was administered. In this study it was observed that
transfection of the fusion gene expression plasmid
induced significant apoptosis of Lovo cells.
Furthermore; the fusion gene exhibited strong
inhibitory activity against tumor growth and
apoptosis when the complex was injected into the
nude mice implanted with human CRCs. Moreover;
the tail-vein injection presented a more notable effect
than direct injection into tumor. Combined
interleukin-2/interferon-p-based gene therapy with
the carcinoembryonic antigen promoter might be an
effective novel antitumor strategy. In the study by
Zhu P. et. al.[68] a new delivery system, pluronic P85
block copolymers, combining the chemotherapeutic
agent 5-fluorouracil (5-Fu) for inhibiting growth and
metastasis of colon cancer was designed and
developed. In this study, it was demonstrated that
5-Fu produce a strong pesticide effect at lower doses
in the present of pluronic P85 compared to control
groups. It was observed that 5-Fu/P85 copolymer
micelles could inhibit the growth and metastasis of
colon cancer, which could be attributed to the
decrease of the content of CD133 + CXCR4+ cells and
suppression of EMT of CD133 + CXCR4+ cells. In the
study by Zho Y-S. et. al. [69] it was demonstrated that
species B-based adenoviral gene therapy could be a
suitable approach for generally CD46-overexpressed
CRC but would require a careful consideration
preceding CD46 analysis and categorizing CRC
patients. (Table 1)

Table 1. Gene therapy formulations with eluting drugs

-Magneto-fluorescent silica nanoparticles (MFSN) [70]
- Folic acid conjugated guar gum nanoparticles (MTXFA-GGNP)

- Wheat germ agglutinin (WGA)-functionalised
chitosan-Ca-alginate (CTS-Ca-ALG) microparticles (MPs) [71]

- Anti-VEGF antibodyconjugated dextran-coated iron oxide
nanoparticles (anti-EGF-NPs) [72]

- HA modified mesoporous silica nanoparticles (HA-MSNs) [73]

Discussion

Current screening methodology is efficient,
however; a novel approach regarding therapy is
needed. Several efforts have been made towards
identifying the genome of CRC cancer and therefore
providing targeted therapy, mostly in the form of
chemotherapy or inhibitors. Gene therapy in the form
of molecular pathway inhibition has been proposed
with the help of drug delivery systems for efficient
delivery such as; the SN-38, and nanoparticles [74-76],
liposomes [77], carbon nanotubes [78] and polymeric
micelles.[79, 80] Today the investigation of the various
resistance mechanisms has led to the development of
new drugs that can be specifically targeted as
inhibitors of certain molecular pathways.[81] In the
case however, of chemotherapy drugs these drugs
suffer from a substantial failure rate and from
toxicity.[82] Therefore although there is the trend to
administer chemotherapy based on the molecular
genome, additional efforts to overcome resistance to
chemotherapy has been so far unsuccessful because of
the ambiguous inter- and intratumor heterogeneity
(tumor matrix) and complex biology of cancer cells
with wide individual variations.[83] Enhancing
treatment with gene targeting relies on the selection of
a gene for treatment, therefore, the identification of a
specific target affecting tumors is important. It has
been observed that chromosome instability is a
common feature of tumor cells, and is an important
mechanism in tumor formation.[84-86]

Moreover; accurate regulation of the binding
and dynamic changes of microtubules is essential for
chromosome stability. Non-specific cytotoxic agents
act on different phases of the cell division, if
additional drug selection is done based on the
overexpressed genes then non-specific cytotoxic
agents become more efficient. Furthermore, drugs
designed with polymers, microparticles, liposomes,
solid lipid nanoparticles might be used for targeting
of anticancer drug to colon tumor as they can
penetrate the tumor microenvironment more
efficiently. Diffusion of a dtug within a solid tumor is
a very important factor for efficient therapy. Gene
therapy is an optimistic approach in cancer treatment
utilization the inhibition methodology. Probably in
the future we will use gene therapy as
immunotherapy for up-regulation of our immune
system. Nowadays for efficient delivery of gene
materials, designing an appropriate vector is
necessary. Several carriers are being used such as;
plasmids, antisense, and siRNA which become a
promising approach in treatment of various forms of
cancer such as colon cancer. It has been observed that
nanoparticles can be administered either as both as

http://www.oncm.org



Oncomedicine 2017, Vol. 2

99

oral and as

injectable DNA delivery system.

Moreover; no obvious toxicities of D-NPs have been
observed, indicating that D-NPs are safe for systemic
administration. D-NPs offer an innovative strategy for
gene therapy delivery by intravenous injection and
this delivery system might be a potential therapeutic
approach for various cancers.[63] Future studies will
elucidate probably a combination of injectable
non-specific cytotoxic drugs with pill as gene
inhibitors making CRC treatment more efficient.
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