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Colorectal cancer is the leading cause of cancer-related mortality in the western world. It is also
the third most common cancer diagnosed in both men and women in the United States with a
recent estimate for new cases of colorectal cancer in the year 2012 being around 103,170. Various
risk factors for colorectal cancer include life-style, diet, age, personal and family history, and
racial and ethnic background. While a few cancers are certainly preventable but this does not hold
true for colon cancer as it is often detected in its advanced stage and generally not diagnosed until
symptoms become apparent. Despite the fact that several options are available for treating this
cancer through surgery, chemotherapy, radiation therapy, immunotherapy, and nutritionalsupplement therapy, but the success rates are not very encouraging when used alone where
secondary complications appear in almost all these therapies. To maximize the therapeutic-effects
in patients, combinatorial approaches are essential. In this review we have discussed the therapies
previously and currently available to patients diagnosed with colorectal-cancer, focus on some
recent developments in basic research that has shaded lights on new therapeutic-concepts utilizing
macrophages/dendritic cells, natural killer cells, gene delivery, siRNA-, and microRNAtechnology, and specific-targeting of tyrosine kinases that are either mutated or over-expressed in
the cancerous cell to treat these cancer. Potential strategies are discussed where these concepts
could be applied to the existing therapies under a comprehensive approach to enhance the
therapeutic effects.

1. Introduction
Colorectal cancer is among the leading cause of cancer related death in the western world
which is also the third most common cancer diagnosed in both men and women in the
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United States [2]. The American Cancer Society's most recent estimate indicates a total of
103,170 new cases of colorectal cancer in the United States for 2012 (http://
www.cancer.org/Cancer/ColonandRectumCancer/DetailedGuide/colorectal-cancer-key) [3].
The risk factors for developing colon cancer include age, personal history, family history,
racial and ethnic background. Life style and diet related factors also contribute to the
development of colon cancer as well [4]. Mostly colorectal cancers occur due to lifestyle and
increasing age with only a minority of cases associated with underlying genetic disorders. It
typically starts in the lining of the bowel and if left untreated, can grow into the muscle
layers underneath, and then through the bowel wall. There are environmental (chemicals,
infectious agents, radiation) and genetic (mutations, immune system and hormone
dysfunction) factors that can interact in a variety of ways to potentiate carcinogenesis [5, 6].
Activated oncogenes can cause hyperplasia and protect the cancerous cell against apoptosis
while tumor suppressor genes can become inactivated in cancer cells, resulting in
dysfunctional cellular processes (DNA replication, cell cycle processes, dysplasia, and
immune cell interaction) [5, 6]. The goal of cancer therapy is to completely eradicate the
cancer without damaging the rest part of the body, and the choice of therapy depends on the
state of the patient, location, and stage of the cancer.
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There are many scientific and alternative methods of colon cancer treatment. Treatment
trials show their higher or lower effectiveness based on at what stage the cancer was
detected in the patients and the age of the patients where outcomes for the elderly have been
worse compared to younger patients. Nonetheless, standard-of-care treatment for the elderly
patients result in equivalent long-term outcomes to those observed in the younger
population; and available data support the use of aggressive surgery and adjuvant therapies
in well-selected patients [7]. In patients all the methods should not be tried at once because it
may be ineffective and sometimes even harmful. Usually cancer specialists offer timeproven standard methods of cancer treatment and in the case of favorable outcome the
patient needs only symptom control during the whole life to prevent metastases or return of
the disease. The choice of method of colon cancer treatment is very important because each
tumor responds to different methods differentially. It is selected according to many factors
including tumor type, stage of the disease, patient's age, patient's level of health, and his
attitude towards life. Today alternative medicine offers many methods that help a number of
people. Scientists also make their researches and present more and more new methods that
have all chances to become a panacea. However, specific methods for colon cancer
treatment are very limited. In addition, the pathogenesis of colon cancer which involves a
combination of many risk factors is poorly understood, and research efforts in these areas
are ongoing.
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2. Causes, stages, and conventional treatment approaches for colon cancer
2.1 Colon cancer: causes and etiology
The majorities of colorectal cancer cases are sporadic with no obvious heritable tendency or
family history. Somatic mutation of the adenomatous polyposis coli (APC) is a distinctive
marker of approximately 80-85% of the patients with nonhereditary sporadic adenomatous
polyposis (SAP). Mutation of the APC gene is thought to be an early step in the
development of colorectal cancer [8]. Causes of the APC mutation are not known but may
involve diets, smoking, environmental hazards, viruses, and life styles of different
individuals [9]. The accumulation of defective end product of APC gene contributes to
subsequent activation of Wnt/β-catenin signaling pathway leading to the transcriptional
activation of certain target genes such as c-myc and cyclin D. Following initial genetic
change, the process of carcinogenesis involves a series of genetic mutations, phenotypic and
pathologic changes such as the loss of p53 tumor suppressor gene toward invasive colorectal
carcinoma [10]. A minor group of colon cancer patients (8 to 15% of all cases) is associated
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with heritable tendency. About 1-2% of these cases develop familial adenomatous polyposis
(FAP). Genetic evidence shows that patients with FAP inherit a germ line mutation of the
APC gene and the lifetime incidence of colorectal cancer is almost 100%. They are the most
high risk group and if untreated, most of the subjects will eventually develop colorectal
cancer in their lifetime [11]. The progress from adenoma to carcinoma pathway in FAP is
very similar to that of nonhereditary sporadic colon cancer patients. A second group of
heritable colorectal cancer patients consists of those who are diagnosed with hereditary
nonpolyposis colorectal cancer (HNPCC) (also known as Lynch syndrome). The genetic
defects in HNPCC patients are less specific but are known to be associated with the
mutations of a number of DNA mismatch repair genes including MLH1, MSH2, MSH6,
PMS1 and PMS2 genes [8]. Although HNPCC cases are larger in size (5% of all hereditary
cases), the penetrance of HNPCC is significantly much less than that of FAP [12] and
patients with HNPCC usually have a higher 5-year survival rate. A much larger third group
of “heritable” colorectal cancer is those with a family history of colorectal cancer but is
distinct genetically from either FAP or HNPCC cases. The genetic mutations associated with
this group of patients appear to be unique involving different sets of genes. The significant
insight obtained from these groups of patients with inherited colorectal cancer has become
very important in our understanding of sporadic disease. Specifically, the same genetic
alterations leading to hereditary colorectal cancer have also been implicated in the
pathogenesis of sporadic non-hereditary colon cancer, and these include APC (Wnt/βcatenin pathway), TGF-β, Notch and hedgehog (Hh) signaling pathways [8, 13]. In addition,
other signaling pathways such as epidermal growth factor receptor (EGFR)[14], the ras/raf/
MAPK cascade [15], and activation of Akt kinase and STAT3 transcription factors have
been implicated in the oncogenesis of colorectal cancer [16-18].
2.2 Different stages of colon cancer and the percentage of patient survival
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Colorectal cancer is classified into four distinct stages along with a fifth stage called
“recurring”. According to American Joint Committee on Cancer, each stage has different
treatment options with a five-year survival rates (AJCC 5th edition; http://
www.cancerstaging.org). Stage 0; it is the very early stage of colon cancer where polyps are
formed in the mucosal lining of the colon. During colonoscopy, the polyps are eradicated
fully by polypectomy. This prevents the advanced stages of colon cancer to occur. Stage I; at
this stage polyp develops into a tumor and invades the inner-lining of the mucosa. Usually
surgery is the main option for treating the colon cancer at this stage where the cancerous
portion of the tissues is separated from the non-cancerous portion. Survival rate is around
95% if colon cancer is detected at this stage. Stage II; it is characterized by whether the
cancer has spread beyond colon but not to the lymph nodes through metastasis. This stage is
subcategorized into Stage IIA, Stage IIB, and Stage IIC depending on the spreading of
cancer to the muscular layer, or outermost layer of the colon or beyond colon. Resection
surgery is the only option to threat this stage of colon cancer and the survivalist of the
patients at this stage is 85%. Stage III; this stage of colon cancer is diagnosed with cancer
has already spread all the wall of the colon and also to the surrounding lymph nodes and the
survival rate is around 30-60%. This stage of cancer is subcategorized into stage III a, b and
c depending on the spreading of the cancer to the inner , middle and outer layer of colon and
the surrounding lymph nodes. Along with the surgery, chemotherapy and the other medical
therapy is required to treat this cancer. Stage IV; at this stage the cancer has speeded to the
other part / organ of the body like liver, ovary, testis, intestines. Survival rate is only 3%.
Surgical resection, chemotherapy, radiation therapy and surgical removal of the portion of
the other body parts with cancer are opted to treat at this stage of colon cancer. Colonoscopy
is recommended for all 50 years or older in their routine checks [19].
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There are several conventional methods for colon cancer treatments that include (a)
Polypectomy & Surgery, (b) Radiation therapy, (c) Chemotherapy, and (d) Targeted therapy.
a.

Polypectomy & Surgery: The main surgical methods include radiation therapy and
medication treatment. Surgical removal of the pre-cancerous/cancerous tumor has
the potential for full recovery of the patient and can be an effective option for
small, localized cancerous growths. Surgical removal of the polyps during
colonoscopy is called as polypectomy. While recurrence is possible, surgery is
often the only way to treat solid tumors that are resistant to radiation and
chemotherapy or is inoperable at the time of diagnosis (e.g. pancreatic carcinoma).
In addition, for older patients, comprehensive geriatric assessment (CGA) can
identify frail patients with significantly increased risk of severe post-surgical
complications [20].

NIH-PA Author Manuscript

b. Radiation therapy: Radiotherapy is the use of ionizing radiation to control the
proliferation of malignant cells, and can be used to treat most common cancer
types. Because radiation poses a risk to normal tissue, including the formation of
radiation-induced cancers, shaped radiation beams are aimed from several angles of
exposure to intersect at the tumor, providing a much larger absorbed dose at the
cancer site than in the normal tissue. Apart from surgery, other techniques have
also been used particularly for oligometastasis. These include selective internal
radiotherapy (SIRT), trans-arterial chemoembolisation (TACE), and
radiofrequency ablation (RA). RA has played an important role in managing
localized disease but data from reports have documented fairly high local
recurrence-rate. Newer techniques developed may likely improve the local
recurrence rate and could ultimately shift the balance away from surgical resection
[21].
c.
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Chemotherapy: This is also the main method that is implemented in review of
cancer treatment. It includes medication-intake such as an alkylating agents,
antimetabolites, plant alkaloids, antitumor antibiotics, enzymes, hormones and
modifiers of biological response that destroy malignant cells, suppress tumor
growth or its cells division. Unfortunately, there is no medication that can destroy
only the malignant cells without damaging the normal tissues and sometimes their
side effects are dangerous. The treatment of metastatic cancer mainly relies on
chemotherapy, the method or process of administering a pharmaceutical compound
to kill tumor cells by direct cytotoxicity leading to tumor regression. These drugs
interfere with cell division pathways including DNA replication and chromosomal
separation, and are not specific to cancer cells. Targeting all rapidly dividing cells
in the body, only a small portion of the drug reaches the target tissue. This poses a
risk of harming healthy tissue, especially those tissues that have a high replacement
rate (e.g., intestinal lining and immune cells), though these cells usually repair
themselves after discontinuation of drug therapy.

d. Targeted therapy: Targeted drug delivery systems seek to concentrate anti-cancer
agents at the cancer tissue, while reducing the relative concentration of the
medication in the proximal tissue. Polymeric micelles increase the accumulation of
drugs in tumor tissues utilizing the enhanced permeability and retention effect
(EPR-effect) [22]. A variety of drugs can be incorporated into the inner core by
chemical conjugation or physical entrapment, and the diameter of the micelles can
be manipulated to ensure that the micelles do not pass through normal vessel walls.
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In combination with the conventional methods of treatment many a time current treatments
also include targeted therapies predominantly for advance stages of colorectal cancer. In
addition to the above strategies, some additional approaches are listed;
3.1 Immunotherapy
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Immunotherapy is based on the fact that immune system can help fight against cancer.
People with weakened immune systems are more likely to get certain cancers. In other
cases, people with normal immune systems still develop cancer where immune system fail
to recognize the cancer cells as foreign or the cancer cells do not express their antigens
which are different enough from those of normal cells. Sometimes the immune system does
recognize the cancer cells, but the responses are not strong enough to induce apoptosis in
these cells. Cancer cells themselves may also secret immunosuppressant that may keep the
immune system in check. To overcome these, researchers have designed ways to help the
immune system recognize cancer cells and strengthen its response so that it can destroy the
cancer cells. Treatments using immunotherapy are based on these premises. Immunotherapy
(also called biological therapy or biotherapy) not only strengthens body's own immune
system to detect and kill cancer cells but also in many a cases reduces treatment-related side
effects. It is used to halt or suppress the processes that allow cancer growth, help the
immune system identify cancer cells, and promote the body's natural ability to repair or
replace cells that have been damaged by cancer treatments. Immunotherapy has become an
integral part of modern treatment options in oncology, as it is not associated with many of
the drawbacks of conventional therapies. Cancer immunotherapy attempts to stimulate host
immune system thereby increases its capability to reject and destroy tumors, and the
complexity of the regulation of the immune system gives rise to many different treatment
approaches. Both chemotherapy and the tumor itself are known to potentially inhibit
immune response. Cancer cells create an immunosuppressive microenvironment within the
tumor that allows for escape from immune surveillance. Immunosuppressive tumorassociated macrophages, myeloid-derived suppressor cells, and regulatory T cells reside in
tumors, and their products along with tumor derived products, create a microenvironment
that counters immune activation and attack [23]. Utilizing a combination of anti-cancer
therapies is often necessary, despite the potency of cytotoxic anticancer agents and
specificity of immunotherapy, because neither by itself is often sufficient to eradicate the
disease. T-cell enhancement, one of the immunotherapy, refers to the induction of T-cell
responses against tumor-associated antigens is particularly important in tumor vaccination
strategies. These strategies to stimulate the dormant immune system against tumors are
varied and warrant further investigation for their potential to cancer therapy in the future
[24]. Adoptive T-cell transfer (ACT) using autologous tumor-infiltrating lymphocytes has
emerged as an effective treatment for patients with metastatic melanoma [25].
Immunotherapy is widely considered as the fourth treatment modality for patients with
cancer, and uses constantly increasing knowledge in molecular biology, cell biology and
immunology. Some biotherapies use naturally occurring biological molecules (e.g.,
cytokines and antibodies) to manipulate normal biological mechanisms to control or inhibit
tumor growth. Among important achievements in anticancer drug development are
immunotherapeutic strategies recently approved by the US FDA which are supported by
clinical data from cancer patients under clinical trials [26]. These utilize dendritic cells
harvested from a patient to activate a cytotoxic response towards patient-specific cancerantigens. These cells are either activated with an antigen or transfected with a viral vector
followed by placing back the activated dendritic cells into the patient. Once placed in
patient, these cells then present the antigens to effecter lymphocytes which initiate a
cytotoxic response to the cancerous cells bearing these antigens. T-cells with a naturally
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occurring reactivity to a patient's cancer can be found infiltrated in the patient's own tumors.
The tumor is harvested, and these tumor-infiltrating lymphocytes (TIL) are expanded in
vitro using high concentrations of interluekin-2 (IL-2), anti-CD3 and allo-reactive feeders.
These T cells are then transferred back into the patient along with administration of
exogenous IL-2 and GM-CSF. Our group has shown that a tight regulation of IL-2
concentration is necessary for maintaining a balance between apoptosis and proliferation in
epithelial cells [27]. These increase immune cells availability in the tumor vicinity, and thus
improve both antigen presentation and T-cell activation and proliferation. Cytotoxic Tlymphocyte antigen 4 (CTLA-4)-blocking monoclonal antibodies enhance immune activity
by prolonging T-cell activation. Despite the evidence that immune effectors can play a
significant role in controlling tumor growth under natural conditions or in response to
therapeutic manipulation, it is still unclear how malignant cells evade immune surveillance
in most cases [28].
So far as classification is concerned, the field of immunotherapy is broadly composed of (a)
Alternative Medicines-Chinese herbs, dietary supplements and homeopathic medicines, (b)
Biological-Pharmaceutical grade products developed by biotechnology/drug companies that
are clinically tested and require government approval/clearance for marketing. Within the
field of biological therapy there are three main categories of immunotherapy:
i.
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Passive immunotherapy: these refer to antibodies or other immune-system
components that are made outside of the body (i.e. in the laboratory) and
administered to patients to provide immunity against cancer, or sometimes to help
them fight off an infection. However it does not stimulate a patient's immune
system to “actively” respond to a disease in the way a vaccine does. Examples of
passive immunotherapies include different antibodies created outside patient body
using different molecular and cell biological techniques to destroy the cancer cells.

ii. Active immunotherapy: these immunotherapies stimulate the body's own immune
system to fight the tumor. It includes cancer vaccines, cellular therapies, and
adjuvants. Cancer vaccines as well as the cellular therapies are discussed in detail
in a separate section below. In adjuvant-immunotherapy an adjuvant is injected
together with an antigenic protein or other bio-molecule like monoclonal antibodies
(anti-idiotypic vaccine) or cancer-antigen that increases or boosts the immune
response to that particular antigenic part of the vaccine or the cancer antigen.
Examples include: BCG, KLH, IFA, QS21, Detox, DNP, GM-CSF. However the
limitations to adjuvant-immunotherapies include adjuvant associated toxicities.
Moreover many adjuvants can only be administered once or twice to patients, and
can only be administered sub-cutaneously, and cannot be infused.
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iii. Combination immunotherapy: this immunotherapy constitutes drugs that possess
both active and passive immunotherapy activity. As with other drugs this
immunotherapy may also cause side effects. Compared to the side effects of
chemotherapeutic drugs, the side effects of naked monoclonal antibodies (mAbs)
which are generally administered intravenously are usually fairly mild and are often
more like an allergic reaction. In most cases it occurs during very first
administration to patients. The possible side effects may include fever, chills,
weakness, headache, nausea, vomiting, diarrhea, low blood pressure, rashes etc.
These side effects can interfere with one's ability to participate in daily-activities.
Therefore, to be effective immunotherapy is often provided in conjunction with
other treatment modalities, such as surgery, radiation therapy and chemotherapy.
Limitations of immunotherapies—Some of the limitations of current
immunotherapeutic drugs include; Provenge an autologous cancer vaccine that works by
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stimulating the patient's own immune system to target prostate cancer cells. Though it
represents an important clinical success and has shown very positive results, however it is
very hard to produce in large quantities. It is an autologous vaccine, meaning one patientone vaccine (prepared from the patient's own cancer cells). The targets can differ among
different patients, and the targets can change when cancer cells mutate. The second major
limitation of current immunotherapies includes drug administration to patients at a late-stage
in the cancer therapy cycle, at which the patient's immune system is already weakened. In
order to achieve a meaningful immunotherapeutic effect when treating cancer,
immunotherapy should be used as early treatment in the disease process. It should be used
before any potential effect on the immune system that might be caused by radiation,
chemotherapy and surgery, and before the cancer has possibly become “tolerated” by the
affected individual's immune system. Future advances in cancer therapy will require an
integrative immunological approach to inform on the finer details of the immune signaling
networks that will be directly applicable for designing novel anticancer strategies.
Inflammation plays a dominant role at all stages of tumor development viz. initiation,
progression, and metastasis [29]. Tumor-associated inflammation causes a decline in
immune function and overrides tumor immunosurveillance and immunotherapy [30].
Understanding the immune regulatory mechanisms of inflammation and balancing them in
favor of tumor immunity will help improve cancer immunotherapy approaches. The success
of an immune effecter response depends on a fine productive balance between the innate and
adaptive components of immunity. Besides providing an effecter response, cognate adaptive
immune cells are also necessary to mediate tissue specificity in the chemokine promoted
recruitment of innate immune cells to the site of cancer or other lesions following a
pathological insult and to generate their effecter responses in a controlled fashion.
Identification of the underlying signaling mechanisms responsible for the cross-talk between
innate cells and the various populations of resting, effector, and regulatory T cells, as well as
B cells, will help decipher new networks of immune regulation. This will reveal new
intervention targets applicable for cancer therapy and prevention [31-33]. Immunotherapy
represents a new and powerful tool for cancer treatment. For that reason immunotherapies
involving cytokines and antibodies have now become part of standard cancer treatment these
days. Besides these there are other examples of immunotherapy that are still experimental.
Although many clinical trials of new forms of immunotherapy are in progress, an enormous
amount of research remains to be done before the findings can be widely applied.
3.2 Cancer vaccines
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The idea behind cancer vaccine is generally meant to boost the immune system to fight
against the cancer just like vaccine to infection. Developing an effective vaccine against
cancer is both fascinating and promising. Though most of the cancer vaccines are in clinical
trials, research suggests promise in the therapeutic potential of a prototypic melanoma
vaccine based on recombinant adenovirus expressing tumor-antigen. In the presence of a
tumor however, the magnitude of T-cell immunity evoked by the vaccine was significantly
reduced. Success of any cancer vaccine would depend on the induction of an effective
tumor-specific immune response to break tolerance and to elicit long lasting anti-tumor
immunity. Though preventative vaccines, like those that protect against viruses or the flu are
given before a person becomes sick, in recent years scientists have attempted to develop
therapeutic vaccines with the first successful prostate cancer vaccine called Provenge
approved in 2010 by the US FDA [34]. In contrast to preventive vaccines the therapeutic
cancer vaccines are given to a person who already has the disease. Cancer vaccines are
active immunotherapies because they trigger the patient's immune system to respond. These
are also targeted because they not only boost the immune system in general but also cause
the immune system to attack the cancer cells through honing in on one or more specific
tumor antigens. Cancer vaccines typically consist of a source of cancer-associated material
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(antigen), along with other components, to further stimulate the immune response against
the antigen. The challenge has been to find better antigens as well as to package the antigen
in such a way as to enhance the patient's immune system to fight cancer cells that have those
antigens. Few examples of Cancer vaccines include: Tumor cell vaccines, Antigen vaccines,
Dendritic cell vaccines (Provenge), Anti-idiotype vaccines, DNA vaccines, and vector-based
vaccines. Thus a cancer vaccine may contain cancer cells, parts of cells, or purified tumorspecific antigens with overall goal to increase the targeted immune response against cancer
cells already present in the patient. Cancer vaccines are also conjugated to carrier called
adjuvants that help boost the immune response even further. Antigen presenting cells (APC)
are key players in the initiation of an effective immune response [32]. Dendritic cells (DC),
which reside in peripheral tissues, are professional APC. Appropriate activation of dendritic
cells (DC) is essential for successful vaccination and induction of cell-mediated immunity
[35]. Although high systemic levels of chemotherapeutic agents are invariably lethal to
immune effector cells, they can actually activate DC when applied locally and might thus act
as an adjuvant in vaccination settings [36]. Studies showed that combined effect of DC
vaccination with paclitaxel treatment, resulted in increased anti-tumor responses [37].
Cancer vaccines are either cell-based vaccine, where cells from the patient's own cancer
cells are presented to the patient's own immune system cells albeit in an in-vitro condition in
laboratory. These in-vitro activated immune cells are then injected back to the same patient
with other proteins (e.g., IL-2) to further facilitate immune activation of these tumor
antigens primed immune cells. In other instances of vector-based cancer vaccines,
engineered viruses or other vectors are used to introduce cancer specific proteins and other
molecules to the patient in order to stimulate the patient's immune system to recognize the
tumor and mount immune response against cancer cells. Both approaches are designed to
stimulate the patient's own immune system to attack tumors.
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Limitations of cancer vaccines—Since cancer vaccines are targets, the limitations of
such vaccines are very similar to the limitations of other targeted therapies like mAbs.
Tumor cells mutate as a result of chemotherapy or radiation treatment, and therefore the
target antigens on the tumor cells at which the therapies are aimed also change. Thus if the
targets change the vaccines which are target-specific become ineffective. Other vaccine
limitations include autologous nature of the vaccine customized for the same patient which
presents scale up challenges for commercialization as it may not be effective in other
patients. These make autologous therapy is very costly. Moreover many cancer vaccines are
poorly immunogenic and require the use of adjuvants to elicit an effective immune response.
Though addition of adjuvants increases immunogenicity of the vaccine but also cause
increased toxicity. The increased antigenicity of the patient's own cellular derived materials
used to produce autologous cancer vaccines in many instances also cause auto-reactivity and
subsequent development of an autoimmune diseases. Patients treated with genetically
engineered vaccines may also produce neutralizing antibodies which could cause subsequent
therapies with the same product ineffective. Antigen selection and the identification of new
target antigens are of high importance in the field of vaccination strategies. Also active
vaccination with Tumor Associated Antigen (TAA) peptides or passive vaccination with
specific lymphocytes against these TAAs did not however demonstrate encouraging results
in clinical trials. Attempts at cytokine therapy were also met with challenges of high
systemic toxicity and a lack of specific lymphocyte activation [38].
3.3 Cellular therapies
Cellular therapies are usually single cell type agents derived from the cancer patient which
are modified in the laboratory to become more adept at recognizing and killing the patient's
own tumor. This type of active immunotherapy is designed to boost specific parts of the
immune system to cause tumor cell death. Vaccines, in contrast, attempt to get the body's
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immune system to react to specific antigens. Examples of cellular therapies include:
Lymphocyte activated killer cells therapy, tumor infiltrating lymphocyte with IL-2, and
suppressor regulatory T cell. Limitations: Not all tumor infiltrating lymphocytes grow well
enough in cultured conditions to generate enough quantity of cells that would be required to
produce a useful anti-tumor effect when they are infused back into the patient. Even when
they are able to grow outside, infusing back into a cancer patient of billions of cells that
have been grown or modified genetically “in vitro” is not completely without risk and
sometimes may be associated with immediate and delayed hypersensitivity reactions that
can be life threatening. Autologous therapy is cumbersome, very costly, and does not easily
lend itself to the commercial scale mass production techniques necessary to reach the
multitude of cancer patients world-wide.
3.4 Gene therapy
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Gene therapy is the transfer of gene/s to dysfunctional cells to correct a deficiency in the
DNA or genome of a patient. Gene therapy provides a still poorly explored opportunity to
treat cancer by “active” immunotherapy as it enables the transfer of genes encoding
antibodies directed against specific oncogenic proteins. Gene therapy can be applied to
genetic disorders as well as diseases acquired over the lifetime of an individual, such as
cancer or infection, to confer a specific property to the cell allowing it to combat the disease.
Gene therapy is mostly done through delivery of genes using viral and non-viral mediated
methods which involves introducing foreign DNA into host cells. Current efforts in the area
of gene delivery include the development of targeted delivery in which the gene is active
only in the target area of the body. Telomerase is the enzyme responsible for immortalizing
the cell and is specific to cancer cells, making it an excellent potential to target cell sets.
Telomerase activation is a critical step for human carcinogenesis through the maintenance of
telomeres, but the activation mechanism during carcinogenesis remains unclear. If a drug
can deactivate telomerase, telomere degradation will resume and cancer cells will age and
die like normal cells. Telomerase inhibition in many types of cancer cells grown in culture
has led to the massive death of the cell population. Current development of vaccine methods
attempt to teach the human immune system to attack cancer cells expressing telomerase.
Three examples of gene delivery targets are; angiogenesis-associated targeting, targeting to
uncontrolled cell proliferation markers, and tumor cell targeting [39]. There are several
physical methods of gene delivery which include microinjection, gene gun, and
electroporation. Sonication represents a means of increasing membrane permeability via
ultrasound, and holds potential to be advantageous as a gene delivery mechanism [40]. Apart
from genes other bio-molecules such as peptide and protein, antibody, vaccine and gene
based drugs, might be susceptible to enzymatic degradation or cannot be absorbed into the
systemic circulation efficiently due to molecular size and charge issues and must be
delivered by injection. A potential way to overcome these is ultrasound, which can be used
to increase the efficacy of genes for improving cancer treatment by affecting tissue
permeability thereby enhancing the delivery of conventional agents [41].
Virus-mediated gene delivery—these utilize the ability of a virus to infect and integrate
its genetic material into host cell genome. A gene of interest that is intended for delivery is
packaged into a viral particle and allowed to transfect cells. Viral vectors are tailored to their
specific applications but generally share a few key properties. A viral vector should have
low toxicity and minimal effect on the physiology of the host cell that it infects. Viruses that
are genetically unstable and can rapidly rearrange their genomes are not desirable gene
therapy candidates. In fact these may be detrimental because of their unpredictability and
non-reproducibility. Cell type specificity is also important because most viral vectors are
engineered to infect a wide range of cell types. In cancer treatment, it may be desirable to
have a viral vector that is specific for cancer cells. In order to accomplish this, the viral
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receptor can be modified to target the virus to these types of cells. A drawback may be the
inability to easily track or monitor virus activity during treatment. Oncolytic viruses can be
further engineered to delete immunosuppressive viral components and to insert transgenes
that enhance antitumor immunity. Transcriptional regulation of the human telomerase
reverse transcriptase (hTERT) gene is the major mechanism for cancer-specific activation of
telomerase, and a number of factors have been identified to directly or indirectly regulate the
hTERT promoter. These have been used as tools for cancer diagnostics and therapeutics by
utilizing the hTERT promoter [42]. The utilization of rAdv-shRNA-hTERT promoter
binding system could efficiently deactivate the RNA template of telomerase, therefore not
granting the replicative immortality to cancer cells. Combining new immunomodulating
agents (cyclophosphamide) or cell therapy approaches will likely further augment specific
antitumor immunity using viral vector based therapy [43]. Oncolytic virotherapy has
demonstrated multimodal antitumor mechanisms like simultaneous cytoreduction and
conferring personalized anticancer immunity, without the need for personalized
manufacture. Although viral vectors are occasionally created from pathogenic viruses, they
are modified in such a way as to minimize the risk of handling them. This usually involves
the deletion of a part of the viral genome critical for viral replication. Lentiviruses are
retroviral RNA virus vectors that are used in the packaging and transduction of genetic
components into cells. The viral genome in the form of RNA is reverse-transcribed when the
virus enters the cell to produce DNA, which is then inserted into the genome at a random
position by the viral integrase enzyme. The vector remains in the genome and is passed on to
the progeny of the cell when it divides. For safety reasons lentiviral vectors never carry the
genes required for their replication. An advantage lentivirus has over other RNA viruses are
its ability to integrate into the genome of non-dividing cells. The site of integration is
unpredictable, which can pose a problem, as the provirus can disturb the function of cellular
genes and lead to activation of oncogenes promoting the development of cancer, which
raises concerns for possible applications of lentivirus in gene therapy. By a bidirectional
lentiviral vector, the monoclonal antibody gene transferred into live animals by systemic
administration or by local intratumoral delivery resulted in substantial inhibition of tumor
growth. These data provide proof of concept both for targeting the Met receptor and for a
gene transfer-based immunotherapy strategy [44]. Adenoviruses are another class of DNA
viruses that do not integrate into the genome and is not replicated during cell division. Their
primary applications are in gene therapy and vaccination. Transduction with recombinant,
replication-defective adenoviral vectors (rAdv) encoding a transgene is an efficient method
for gene transfer into human dendritic cells [45]. Research has shown that adenovirus
showed strong tumor-cell selectivity in vitro and antitumor efficacy in mouse models,
suggesting potential clinical applications for the treatment of solid tumors [46]. Reports
suggest intralesional administration of the adenovirus into subcutaneous tumor xenograft
significantly suppressed tumor growth and provided a survival benefit. The results
demonstrated that a human telomerase reverse transcriptase (hTERT) specific oncolytic
adenovirus expressing an hTERT specific transgene is applicable for cancer therapy [47].
Conditionally replicative adenovirus (CRAD) represents another approach for rAdv cancer
therapy, with high specificity to cancer cells and low cytotoxicity to normal cells [48].
Telomelysin, a telomerase specific replication-competent adenovirus with hTERT promoter,
showed a strong anticancer effect by inducing cell lysis of human non-small cell lung cancer
and colorectal cancer cells [49]. Because adenoviruses commonly come into contact with
humans, causing respiratory, gastrointestinal and eye infections, they trigger a rapid immune
response with potentially dangerous consequences. This problem must be overcome before
treating cancer effectively in a large population, by way of finding adenoviruses to which
humans do not have immunity. Recombinant Adeno-associated virus (rAAV) is a small
virus which infects humans and some other primate species. AAV is not currently known to
cause disease and consequently the virus causes a very mild immune response. AAV can
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infect both dividing and non-dividing cells and may incorporate its genome into that of the
host cell. However, recombinant AAV has low in vivo transduction efficiency contrasted
with the undesirably strong immunogenicity of adenovirus which has limited their clinical
utilization in cancer gene therapy. A combinatorial application of rAAV - hTERT and a
therapeutic dose of rAdv-hTERT is potentially a promising treatment for some types of
cancer [50]. Another class of viruses known as Sendai Virus (HVJ) is an enveloped viral
vector which combines the advantages of viral and non-viral vector systems as a safe and
easy ‘‘non-viral” transfection reagent that has the ability to deliver of various molecules
including plasmid DNA, siRNA, protein, antisense oligonucleotides, and wide usability
from in vitro to in vivo [51]. Non-viral vehicles has received great attention due to their
several favorable properties, including low toxicity and immunogenicity, resistance to
nucleases, and their high affinity for DNA targets [52]. The two main modes of delivery of
nucleic acids are chitosan-based systems and non-chitosan-based systems. These delivery
systems can traverse the gut and gain entry into the bloodstream in sufficient quantities for
efficacy in diseased tissues at distant sites [53]. Moreover, viral mediated –shRNA delivery
system may hold promise as an effective cancer therapy agent [54].
3.5 Targeted therapy

NIH-PA Author Manuscript
NIH-PA Author Manuscript

Chemotherapy not only eradicates the cancer cells but also upsets the normal cells. Treating
the cancer with the monoclonal antibodies drugs that specifically target the cancerous cells
comes under targeted therapies (table 1). These and other drugs have been developed over
the last five years that target on signaling pathways that control cell division and tumor
angiogenesis mainly for non small cell lung cancer (NSCLC). Angiogenesis inhibitors,
especially monoclonal antibody to VEGF, evacizumab, have also been developed in the last
few years. Bevacizumab associated with classical cytotoxic chemotherapy led, in selected
patients to an increase of median survival to more than 12 months with tolerable toxicity.
Panitumumab is a fully human monoclonal antibody directed against the epidermal growth
factor receptor (EGFR) and has been used in association with best supportive care (BSC) for
metastatic colorectal cancer treatment [55]. Combination of some of these targeted therapy
with chemotherapy have shown to achieve a median survival of over 2 years [56]. Other
drugs that have both anti-EGFR activity and anti-angiogenic properties will soon be
developed, since future bioactive anti-cancer drugs will have to be multi-targeted drugs [57].
These drugs are used as a combinational therapy along with chemotherapy or by themselves
when chemo is no longer working. Though they have side effects but are less severe. A
positive feedback loop has been indentified between tumor cells and macrophages that
propagates the growth and promotes the survival of colon cancer cells. Tumor cells
stimulate macrophages to secrete IL-1β, which in turn, promotes Wnt signaling and
stabilizes Snail in tumor cells, conferring resistance to TRAIL. Vitamin D3 halts this
amplifying loop by interfering with the release of IL-1β from macrophages. Accordingly,
vitamin D3 sensitizes tumor cells to TRAIL-induced apoptosis, suggesting that the
therapeutic efficacy of TRAIL could be augmented by this readily available chemo
preventive agent (http://www.cancer.gov/cancertopics/factsheet/Therapy/targeted). Targeted
therapy using antibodies is generally done on patients with advance cancer. New class of
drugs available to patients under targeted therapy includes; Monoclonal antibody (mAb):
Several monoclonal antibodies are now used to treat different types of cancer including
colorectal cancer. Clinical trials are also using vaccines and many other immunotherapies as
adjuvant to surgery, with and without chemotherapy. Success of mAbs as cancer
therapeutics relies substantially on their ability to engage the immune system having
significant efficacy in cancer therapy without the side effects of conventional chemotherapy
or radiotherapy. Since the approval of rituximab by the FDA in 1997, several other mAbs
have been validated for the treatment of cancer, both for solid tumors and hematologic
malignancies [58]. More targeted agents have been developed in recent years to specifically
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stimulate immune cells. Targeted immunotherapy is usually directed to a single target on
cancer cells such as an antigen or a receptor sites on cancer cells. Many a times these are
specific enzymes or proteins on cancer cells. Although some of these immunostimulatory
agents have yet to be tested in clinical trials, preclinical data evaluating their combination
with antitumor mAbs appear promising where targeting immune effector cells might
enhance the efficacy of antitumor mAbs. Typical immune cell candidates include NK cells
(through anti-killer immunoglobulin-like receptor; KIR and anti-CD137 mAb), macrophages
(through anti-CD47 mAb), gd T-cells (through gd T cell agonists), and DCs (through tolllike receptors; TLRs agonists) [59]. Monoclonal antibodies bind only to cancer cell-surface
specific antigens. When an antibody recognizes the antigen against which it is directed, they
fit together like two pieces of a puzzle setting off a cascade of events leading to tumor cell
death. Examples of monoclonal antibodies include: Avastin, Erbitux, Rituxan, Herceptin,
Mylotarg, Campath, Zevalin, Bexxar, Vectibix. Tumors that develop drug resistance would
still be a suitable target for immunotherapy [60]. Immune evasion is one of the major
problems in the development of cancer immunotherapy. The STAT3 signal in immune cells
appears to be one of the therapeutic targets to overcome some of the limitations of cancer
immunotherapy. The negative role of STAT3 for DC activation in both mice and humans is
an attractive target for the development of effective cancer immunotherapies that do not
induce harmful inflammatory responses [61]. Dendritic cells (DCs) play a pivotal role in the
induction of Ag-specific T-cell immune responses [62]. Immunotherapies using DCs have
been attempted for various diseases. For cancer patients, a number of DC immunotherapies
have been developed and evaluated in preclinical and clinical settings [63-65]. However, the
effectiveness of DC vaccines has been limited [66]. Therefore, improvements in DC therapy
are essential for successful cancer immunotherapy. Limitations; Despite being the most
widely used form of cancer immunotherapy, monoclonal antibodies have not been as
successful as expected. This is because of several reasons a few of which are discussed here.
The mAb products were not always as pure or specific as they initially were thought to be
and were generally more toxic when given systemically, especially when given at high
doses. Many mAbs are not administered as first-line therapy and are usually administered as
a second, third, or last resort cancer treatment when the immune system is already weakened
by chemotherapy, surgery, and radiations. These also limit their effectiveness. In general,
response rates of these “targeted therapies” appear to be around 20 to 30%. To optimize this
type of therapy, it would be necessary to identify each subgroup of patients with a specific
cancer and develop therapies targeted to, or directed specifically at, their individual cancers.
Tumor cells mutate as a result of chemotherapy and radiation treatment, and therefore the
target antigen on the tumor cell at which the therapy is aimed is also changed. As the target
changes, the mAbs which target those specific antigens become ineffective. In addition the
toxicity associated with some of the targeted therapies can be significant.
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3.5 Nutritional supplement therapy
The highest rates of these therapies were found in Australia, New Zealand, Europe, and
North America. On the other hand the lowest rates were found in Africa and South Central
Asia [67]. Diet or food is also one of the factors that make a human susceptible to cancer.
For example the amounts of red meat (beef, pork), refined sugars and alcohol consumption
are more compared to plant derived foods in the countries with high incidence cancer
compared to the countries with the low incidence. It was reported that a few ingredients
derived from plants could help in fighting cancer (http://www.cancer.gov/cancertopics/
factsheet/Therapy/targeted). Discussing them all is beyond the scope of this review;
however a few of them are described here. Most of the drugs used to treat cancers are a
plant-derived product that is the reason they are also called as to have privileged structures.
Fermented wheat germ extract (FWGE); Mueller et al. reported that FWGE in
combination with anti-neoplastic chemotherapy drug dacarbazine showed a significant
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benefit for patients in terms of progression free survival (anti-metastatic) and overall
survival. FWGE showed significant anti-proliferative effects and induce apoptosis in cancer
cells via caspase and poly [ADP Ribose] polymerase dependent pathways. It also regulated
the immune system by down regulation of MHC-I complex expression and induction of
TNF-α and other interleukins [68]. Curcumin: Recurrence of tumor after treatment with
chemotherapy is a major problem for the colorectal cancer patients and it was partly
attributed to cancer stem cells (CSCs) that had the ability to relapse and metastasize by
giving rise to new tumors. Studies showed that curcumin with dasatinib (a Src kinase
inhibitor) has the ability to inhibit the growth and other properties of carcinogenesis of
chemo-resistant colon cancer cells that are enriched in CSCs sub-population. The
combinatorial approach showed substantial decrease (80-90%) in the expression of CSC
markers ALDH, CD44, CD133, CD166 and inhibition of cellular growth, invasion, and
colonsphere [69]. Since curcumin is also implicated in amelioration of inflammation in
uncreative colitis, hence may play a role in decreasing the risk of inflammation induced
colorectal cancer. STAT3 phosphorylation is commonly detected in various cancers
including colorectal cancer. It was reported that an analogue of curcumin GO-Y030 and
curcumin itself inhibits STAT3 phosphorylation, cell viability, and tumorsphere formation
in colon cancer stem cells. It was also found that GO-Y030 was more potent than curcumin
in inhibiting cancer growth. GO-Y030 reduced the downstream target gene expression and
induced apoptosis in colon cancer stem cells and suppressed tumor growth in SW480 and
HCT116 cancer cell lines in mouse model. Curcumin also has the ability to elicit cell cycle
arrest followed by the suppression of cell proliferation in HCT116 cells [70]. Quercetin:
Knock down of p53 (a tumor suppressor) has been linked to abrogation of apoptosis and
induction of colorectal cancer (CRC). CRC with microsatellite instability showed
remarkable resistance to chemotherapy with 5-fluorouracil (5-FU, a pharmacological drug
for CRC treatment). Studies showed that a significant induction of apoptosis when CRC
cells (CO115 and HCT115 cells) were incubated with quercetin and 5-FU through increased
p-53 expression and activating apoptotic via mitochondrial pathways [71]. Besides, when
APC (Min/+) mice were treated with 0.02% of quercetin in diet for 4-20 weeks it was found
that the total intestinal polyps were decreased by 67%. Quercetin also decreased the
macrophage number and spleen weight an indicator of infection and inflammation [72].
Aberrant crypt foci (ACF) are the abnormal tube like glands seen before colorectal polyps in
the lining of colon and rectum that many a time leads to cancer. Quecertin decreased the
number of ACF's by 4 fold in an azoxymethane (AOM) induced rat colon cancer model. It
was reported that quecertin induced apoptosis by mitochondria-induced apoptotic pathways
through caspase-9 [73]. Garlic: Diallyl disulfide (DADS) is an organosulfur compound and
is one of the principal components of the distilled oil of garlic. It is believed that this dietary
constituent prevents the development of colorectal cancer. Though the detailed mechanism
is unclear, it was demonstrated that DADS selectively induced redox stress in cancerous
cells that led to apoptosis. Treatment of HT-29 cells (a colon adenocarcinoma cells) with
DADS initiates a decrease in cellular proliferation, translocation of phosphatidylserine to the
plasma-membrane outer layer, activation of caspase-3, and -9, genomic DNA fragmentation,
and G(2)/M phase cell-cycle arrest. DADS when combined with butyrate enhanced the
apoptotic effect on HT29 cells [74]. The studies showed that DADS induced antiproliferative effects on HT-29 cells could be through DHDG and DHUG genes [75]. In
addition some other foods that have anticancer activity include pomegranate, wine, fish,
milk, and tomatoes.
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In recent years miRNAs, a new class of naturally occurring small (19 to 25-nucleotides)
non-coding single-stranded RNA molecules, have gained attention as a family of molecules
involved in cancer development. Emerging evidence suggests that miRNAs function as key
regulators in tumor oncogenesis, progression, invasion, metastasis, and angiogenesis [76].
Highly specific alterations in miRNA expression profiles have been reported for various
cancer entities that are likely to have diagnostic and prognostic value. In addition, an
increasing number of miRNAs has been functionally investigated and have shown to possess
tumor suppressor or oncogenic activity [77, 78]. Recent evidence suggests that miRNAs
cause posttranscriptional gene silencing by inducing target mRNA degradation via the RNA
induced silencing complex (RISC) or by repressing the translation process upon binding to
the 3’-untranslated region of their target mRNAs [79-82]. It was reported that miR-21
induces invasion/intravasation/metastasis in colorectal cancer cells. Findings also suggest
the involvement of let-7 miRNA in the growth of colon cancer cells; therefore inhibitory
strategies against miR-21 or let-7 will have a strong rationale for future therapeutic against
colon cancer [83, 84]. Besides, miR-34b/c and BTG4 are recently discovered tumor
suppressors in colorectal cancer and that the miR-34b/c CpG island, which bi-directionally
regulates miR-34b/c and BTG4, is a frequent target of epigenetic silencing in colorectal
cancer [85].
4.2 Short interfering nucleic acid (siRNA)
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Interfering nucleic acids include interfering RNA (RNAi), small-interfering RNA (siRNA),
and short-hairpin RNA (shRNA). Cancer is one of the diseases for which RNA interference
is a potential therapeutic approach. Genes involved in the promotion or maintenance of
tumor growth is obvious targets for RNAi. RNA interference is a posttranscriptional genesilencing event in which short double-stranded RNA degrades target mRNA. These
interference molecules can be used to induce an effective “gene knockout” by binding
genetic moieties and preventing their subsequent translation into undesirable gene products.
For instance, the promoter of hTeRT is highly active in cancer cells, with approximately
90% of all tumors expressing telomerase reverse transcriptase. In cancer cells this enzyme
prevents cellular senescence by preventing telomeric degradation. RNAi-mediated specific
gene-silencing has been shown to significantly suppress tumor growth via intratumoral
delivery. SiRNA has shown a high specificity for their molecular target mRNAs as they can
selectively inhibit cancer-promoting genes that differ from normal cells by a point mutation.
Research also suggests that siRNA can be used for genotype-specific inhibition of tumor
growth targeting in vivo [86-88]. It has been demonstrated that conventional anti-leukemic
drugs have small or no differential effects under cell-culture conditions, whereas both
imatinib and specific RNAi significantly inhibit proliferation of BCR-ABL-expressing TonB
cells compared to normal tissue [89]. Therapeutic applications of small interfering RNA
however require efficient vehicles for stable complexation, protection, and extra- and intracellular delivery. The delivery of RNAi effecter to the target cells is one of the key factors
determining therapeutic efficacy, because gene silencing is limited to cells reached by RNAi
effectors. SiRNA formulated in stable nucleic acid lipid particles (SNALP) displayed potent
antitumor efficacy in both hepatic and subcutaneous tumor models. This was correlated with
target gene silencing following a single intravenous administration that was sufficient to
cause extensive mitotic disruption and tumor cell apoptosis. SiRNA formulations induced no
measurable immune response, minimizing the potential for nonspecific effects [90]. To
overcome cancer, long-term suppression of target transcripts in all cells without toxic effects
may be required. The design of DNA sequences including shRNA contained in the vector
and virus-host interactions during infection needs to be carefully considered [91, 92]. Little
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is known about shRNA in-vivo processing, accumulation, functional kinetics, and side
effects related to shRNA saturation of the cellular gene silencing machinery. Findings
suggest that a minimal amount of processed shRNA is required for efficient silencing in
vivo, and that adenoviral vectors can deliver sufficient shRNA to mediate inhibition of gene
expression without saturating the silencing machinery [93]. Quantitative analyses of the
gene-silencing effect revealed that short-hairpin RNA expressing plasmid DNA (pshRNA)
has more durable effects than siRNA [94]. The combination of adenovirus and shRNA to
form an anticancer expression system against C5aR and IL-8 (a potent pro-angiogenic
factor) has gained some ground as a potential therapeutic agent [95, 96]. The yield of
infectious adenoviral vector particles was increased about 10-fold in a novel packaging cell
with stable production of an shRNA that can silence the transgene, as compared to the yield
in standard packaging line, and the consumption of nutrient in the novel packaging cell line
is decreased due to silence of adenoviral transgene expression. An oncolytic adenovirus
containing a promoter to express short hairpin RNA directed against a membrane-associated
inhibitor of apoptosis protein that protects cells against apoptosis that was up-regulated in
certain tumor cells [97]. Constitutive Wnt signaling is required to complement downstream
mutations in the evolution of colorectal cancer, thus a blockade of the Wnt signal using
siRNA may have a therapeutic role in the treatment of colorectal cancer [98].
4.3 Nanoparticles
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Nanoparticles hold great promise as non-viral gene delivery systems for therapeutics in
cancer. These particles range in size from 1-100 nm, have size-dependent properties,
stability in solvents, precise size for delivery within the body, and tunable surface chemistry
that makes them ideal for targeted delivery within the body [99]. Early clinical results
suggest that nanoparticle therapeutics can show enhanced efficacy, while simultaneously
reducing side effects, owing to properties such as more targeted localization in tumors, and
active cellular uptake [100]. Non-chitosan based systems like sustained release liposomes,
represent a type of nanoparticle that can interact with cells. Tumor growth and metastasis is
facilitated by interactions between tumor cells and supporting cells, which consist of
adaptive and innate immune cells. Liposomal systems have been designed to target
supporting cells in tumor tissue [101]. Research showed that transferrin (Tf) associated
liposomes for siRNA complexation and gene silencing holds promise. Complexation of
siRNA with the cationic liposomes associated with Tf form stable siRNA lipoplex with
reduced toxicity and enhanced specific gene knockdown activity compared to conventional
polymeric gene carriers (polyplex) [102]. Thus polyplex could also hold promise as delivery
agents. Drug polymer conjugates like the polyelectrolyte complex (PEC), a micelle-based
siRNA delivery system have been developed for anti-angiogenic gene therapy. The
interaction between poly ethylene glycol (PEG)-conjugated vascular endothelial growth
factor siRNA (VEGF siRNA-PEG) and polyethylenimine (PEI) led to the spontaneous
formation of nanoscale polyelectrolyte complex micelles (VEGF siRNA-PEG/PEI PEC
micelles) having a characteristic siRNA/PEI PEC inner core with a surrounding PEG shell
layer [103]. The cationic polymer PEI has been widely used for nucleic acid delivery due to
its versatility and efficiency. In particular, the last generation of linear PEI (L-PEI) is being
more efficient in vivo than the first generation of branched PEI. No major production of proinflammatory cytokines or hepatic enzymes was observed after injection of DNA or
oligonucleotides active for RNA interference complexed with L-PEI [104]. Efficient
intracellular processes including cytosolic release and unpacking of siRNA from the carrier
in the cytoplasm are some of the efficiency determining steps involved in achieving
successful gene silencing. Acid-degradable ketalized linear polyethylenimine (KL-PEI) was
synthesized for efficient, intracellular target-specific, and biocompatible siRNA delivery.
The siRNA/KL-PEI polyplex resulted in much higher RNA interference efficiency than
unmodified L-PEI via selective cytoplasmic localization of the polyplex and efficient
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disassembly of siRNA from the polyplex [105]. Chitosan, a natural cationic linear polymer,
has also emerged as an alternative non-viral gene delivery system. These drug delivery
systems have been developed in attempts to deliver therapeutics specifically to the target
lesion site. Correlations have been established between the structure and the properties of
chitosan-pDNA polyplex in-vitro [106]. These findings suggest a high distribution with a
high level of transgenic expression combined with efficiency comparable to that of
commonly used cationic lipids. The use of chitosan as a gene delivery system is a nontoxic
alternative to other cationic polymers. With DNA enzyme and siRNA encapsulation into
chitosan nanoparticles, the therapeutics can be targeted to tumors [107].
4.4 Janus kinases (Jaks,a family of tyrosine kinases) based therapeutics
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Jak-1 is involved in interferon responses. Jak-1 has been shown to be essential for signal
transduction processes mediated by the receptors for IFN-alpha, IFN-gamma, G-CSF, and
prolactin. Cells lacking Jak1 showed complete defect in interferon responses. Jak-2 is
associated with the receptors for growth hormone (Epo) and is involved in signal
transduction processes mediated by these factors. It facilitates the coupling of Epo binding
to its receptor to tyrosine phosphorylation and mitogenesis. Jak-2 is also activated by IL-3,
GM-CSF, G-CSF, Prolactin, and IFN-gamma. Jak-2 tends to associate with the receptor
subunit that is shared with the receptors for GM-CSF, IL3, and IL5. Signaling molecules
cooperating with Jak-2 have been identified as STAM-1 and STAM-2. Tyrosine kinase-2
(Tyk-2) is associated with interferon gamma. Jak-3 is closely related to Jak-2. Like other
Jak-kinases, Jak-3 is a cytoplasmic non-receptor tyrosine kinase known to be expressed in
hematopoietic cells. It associates with the common gamma chain of theof the receptors for
IL-2, IL-4, IL-7, IL-9, and IL-15. Studies of whole organ homogenates showed that Jak-3 is
also expressed in the intestines of both human and mice. However, neither its expression nor
its function was defined in intestinal epithelial enterocytes. We have demonstrated for the
first time that functional Jak-3 is expressed in both human intestinal enterocytes including
colon cancer cells. In enterocytes Jak-3 played an essential role in the epithelial cell
migration in response to IL-2 [108]. Under neoplastic condition this could be correlated to
metastatic potential of colon cancer cells. IL-2-stimulated redistribution of Jak-3 was
inhibited by the Jak-3 specific inhibitors. Besides, Jak-3 also induced redistribution of the
actin cytoskeleton in migrating cells through tyrosine phosphorylation of cytoskeletal
protein villin. In these cells Jak-3 interacted with the cytoskeletal protein villin in an IL-2
dependent manner. Inhibition of Jak-3 activation resulted in loss of tyrosine phosphorylation
of villin and a significant decrease in cell migration of the intestinal epithelial cells [108].
Besides we have also determined the molecular mechanism and the structural determinants
of Jak-3 that regulates its interactions with villin (Mishra et. al. 2012 manuscript under
review). Moreover, increased levels of autoantibody to villin were identified in the serum of
colon cancer patients. Anti-villin antibody was most prevalent in patients with colon cancer
at significantly higher (P < 0.005) levels than normal controls[109]. It appears that villin
expression was deregulated in these cancerous cells resulting in its leakage to the serum. On
the other hand, deregulated Jak-3 expression has been linked to different types of cancer
including colon cancer [108]. Cytoplasmic Janus protein tyrosine kinases (JAKs) are crucial
components of diverse signal transduction pathways that govern cellular survival,
proliferation, differentiation and apoptosis. Activated JAKs create binding sites for the
signal transducers and activators of transcription (STAT) via phosphorylation (rate-limiting
event) of specific tyrosine residues on cytokine receptor subunits. STAT transcription
factors translocate from receptor docking sites at the membrane, dimerize, and translocate to
the nucleus where they initiate the transcription of genes containing appropriate regulatory
sequences in their promoter regions. While it is likely that activation of STAT proteins may
be an important function attributed to the JAK, it is certainly not the only function
performed by this key family of cytoplasmic tyrosine kinases. Emerging evidence indicates
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that phosphorylation of cytokine and growth factor receptors may be the primary functional
attribute of JAK. Aberrations in JAK kinase activity, that may lead to derailment of one or
more of the above mentioned pathways could disrupt normal cellular responses and result in
disease states. Thus, over activation of JAK kinases has implications in tumorigenesis. In
contrast, loss of JAK kinase function has been found to result in disease states such as severe
combined immunodeficiency. The full potential of Jak kinases based therapeutic is yet to be
exploited. [110].
4.5 Pharmacogenetics and pharmacogenomics
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Pharmacogenetics is the study of the variability in drug response and (or) drug toxicity and
its association with the polymorphisms in certain genes involved in the metabolism of those
drugs. On the other hand pharmacogenomics is the study of the influence of genomic
variability on drug response. Under phamraccogenomics, the association of groups of
different single nucleotide polymorphism (SNPs) distributed throughout the genome are
studies as a functions of the variation in drug response. The goal of this field of science is to
adapt drugs to a patient's specific genetic background and therefore make them more
efficacious and safe. The wider use of pharmacogenetic testing is viewed by many as an
outstanding opportunity to improve prescription safety and efficacy. Comparisons of the list
of drugs most commonly implicated in adverse drug reactions with the list of metabolizing
enzymes with known polymorphisms found that drugs commonly involved in adverse drug
reactions were also those that were metabolized by enzymes with known polymorphisms.
Variants in genes that influence either the efficacy or toxicity of common drugs used in the
treatment of inflammatory bowel diseases (IBD) such as ulcerative colitis (UC), Crohn's
disease (CD), and colon cancer include sulfasalazine, mesalazine, azathioprine (AZA), 6mercaptopurine (6-MP), methotrexate (MTX), glucocorticosteroids (CSs), and infliximab
[111]. Although pharmacogenetics is a promising field that already contributed to a better
understanding of some of the underlying mechanisms of action of drugs used in IBD, the
only discovery translated until now into daily practice is the relation between thiopurine Smethyltransferase (TPMT) gene polymorphisms and hematological toxicity of thiopurine
treatment. Clinical use of targeted therapies such as tyrosine kinase and angiogenesis
inhibitors via molecular profiling may allow for highly individualized prognostic, predictive
and therapeutic treatment plans tailored for each patient based on the molecular diagnostic
profile of their tumor. Advances in genetic susceptibility, early detection, and individualized
therapy based on each tumor's unique biological properties, all hold promise for the future
management of cancer [112]. As a greater number of genes responsible for drug metabolism
are discovered, future chemo/bio/genetic therapeutic agents used to treat cancer can be
tailored to the patient's genetic polymorphisms. This will allow for the most efficient dosing
while minimizing side-effects.
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5. Combinatorial approach
5.1 Prevention and combined treatment for colon cancer
Given, the high frequencies of occurrence and recurrence of the disease following treatment,
chemoprevention of colorectal cancer has attracted great attention in recent years [113].
Effective chemopreventive strategies may provide an attractive alternative in the current
approach to reducing the morbidity and mortality from this disease. Chemoprevention is
defined as the use of specific natural or synthetic chemical agents to reverse, suppress or
prevent the progress from adenoma to invasive colorectal cancers. Epidemiologic data
showed that chronic intake of traditional non-steroidal anti-inflammatory drugs (NSAIDs)
could reduce the incidence of colorectal cancer [114, 115]. Recent clinical trial studies
showed that celecoxib, a selective COX-2 inhibitor, is effective in reducing colorectal
adenomas in animal models and patients with FAP, yet with superior GI safety as compared
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to traditional NSAIDs [116]. Two COX-2 inhibitors (celecoxib and refocoxib) have been
approved by FDA as adjuncts to usual care in FAP patients, and are currently being studied
in patients with sporadic adenomas and other types of cancers [113]. In addition to COX-2
inhibitors, a number of pharmacological and nonpharmacological agents have also been
examined as potential chemopreventive agents for colorectal cancer [117]. These include
difluoromethylornithine, an irreversible inhibitor of ornithine decarboxylase, hepatic
hydroxymethylglutaryl coenzyme A reductase inhibitor, ursodexoycholic acid, the 7-β
epimer of chenodeoxycholic acid, calcium, folate, vitamins, selenium and its derivatives,
and dietary fiber. The mechanism of action of each agent appears to be unique and different
in lowering the incidence of colorectal cancer. The exact mechanisms of chemoprevention
by these agents are not fully understood. However, at least five potential pathways and
mechanisms are likely to be involved by these agents: (a) Increased sensitivity of cancerous
cells to apoptosis, (b) Inhibition of angiogenesis, (c) Modulation of inflammation and
immune responses, (d) Decreased metastasis and (e) Inhibition and removal of endogenous
carcinogen formation in-vivo [115, 118-120]. These agents, either alone or in combination
with other chemotherapeutic agents, are being studied in various preclinical settings of
colorectal cancer. The success of these studies will have far-reaching impact on our current
understanding and approach to treatment and prevention of colorectal cancer. It is also
common to combine radiotherapy with surgery, chemotherapy, hormone therapy, called
“combination chemotherapy”. Systemic treatment decisions are guided by specific tumor
characteristics and individual patient factors. Agents targeting angiogenesis, the epidermal
growth factor receptor, and various signal transduction pathways have been combined with
chemotherapy and possess excellent biologic activity [121]. However, emerging data focus
on another aspect of cancer chemotherapy, the antitumor immunity effect as well. Although
cancer chemotherapy was usually considered as immunosuppressive, some
chemotherapeutic agents have recently been shown to activate an anticancer immune
response, which is involved in the curative effect of these treatments. Cancer development
often leads to the occurrence of an immune tolerance that prevents cancer rejection by the
immune system and hinders efficacy of immunotherapy. They can restore an efficient
immune response that contributes to the therapeutic effects of chemotherapy. Taking into
account the immunostimulatory capacity of chemotherapeutic agents, and using them in
combined chemo-immunotherapy strategies when tumor-induced tolerance is overcome
[122]. Water soluble conjugates of doxorubicin with N-(2-hydroxypropyl)methacrylamide
(HPMA) copolymer carrier have emerged as efficient therapeutics because they are able to
not only directly destroy cancer cells but also elicit systemic tumor-specific anticancer
responses [123]. Anthracyclines and gemcitabine, are effective boosters of the immune
response through tumor-specific antigen over-expression followed by apoptotic tumor cell
destruction. The treatment of some leukemia's and lymphomas requires the use of high-dose
chemotherapy, and a total body irradiation (TBI). This treatment ablates the bone marrow,
and hence the body's ability to recover and repopulate the blood. For this reason, bone
marrow, or peripheral blood stem cell harvesting is carried out before the ablative part of the
therapy, to enable “rescue” after the treatment has been given, which have the potential of
harming normal, otherwise healthy, non-neoplastic cells.
5.2 Combination of chemotherapy and immunotherapy
Chemotherapeutic agents have shown immunomodulatory activities that enhance the
efficacy of tumor cell vaccines and favor the activity of adoptively transferred tumorspecific T-cells. Synergy between monoclonal antibodies and chemotherapy or peptide
vaccination is based upon the induction of endogenous humoral and cellular immune
responses [124]. The direct effects of chemotherapy on tumor or host environment, such as
induction of tumor cell death, elimination of regulatory T cells, and/or enhancement of
tumor cell sensitivity to lysis by CTL may account for enhancement of immunotherapy by
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chemotherapy. On the other hand, immunotherapy may directly modulate the tumor's
sensitivity to chemotherapy. Anti-tumor mAb can increase the sensitivity of tumor cells to
chemotherapeutic drugs and patients treated first with immunotherapy followed by
chemotherapy showed higher clinical response rates than patients that had received
chemotherapy alone. In essence, combination of active specific immunotherapy or adoptive
mAb or lymphocyte immunotherapy with chemotherapy has great potential for the treatment
of cancer patients which needs to be confirmed in larger controlled and randomized Phase
III trials [125].
5.3 Tailoring immunotherapy to radiation therapy
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Radiation may act synergistically with immunotherapy to enhance or broaden antitumor
immune responses in part, because of radiation-induced phenotypic alterations of tumor
cells that render them more susceptible to immune-mediated killing [126]. The interactions
between the host and the tumor are complicated as there are many tumor-escape
mechanisms. Immunotherapy is an attractive option for patients with high risk
neuroblastoma due to their poor long-term survival rates after conventional treatment.
Neuroblastoma cells express tumor antigens not widely seen in normal cells, monoclonal
antibodies target these tumor associated antigens using tumor vaccines and adoptive transfer
of tumor-directed T-cells [127]. Investigation of adjuvant treatment settings and
combinations of vaccination and other treatment modalities show promising results in
clinical trials. For instance, the combination of vaccination with high-dose
cyclophosphamide was able to skew the response toward the target antigen and enhanced
both the quantity and quality of antigen-specific CD8+ and CD4+ T-cell responses in tumorbearing mice, which resulted in the inhibition of tumor growth. When tumor-specific
antigens were targeted by the vaccine, the combination therapy actually produced tumor
regression, which appeared to result from the high frequency of antigen-specific T-cells.
Recombinant adenovirus vaccines are compatible with conventional high-dose
chemotherapy and that the combined treatment resulted in improved therapeutic outcomes
relative to either agent individually [128]. Although a firm conclusion cannot be drawn on
T-cell induction in cancer patients during vaccination therapy, results show that CRC
patients retain their antiviral T cells, suggesting a potential susceptibility to immunotherapy
[129]. Strategies have improved because of advances in the characterization of tumorassociated antigens, the development of improved vaccine delivery systems, and the
combination of vaccines with cytokines and other immunostimulants to enhance immune
responses [130]. DNA vaccines, dendritic cell based vaccines, HSP based vaccines, and
gene transfer technology are being developed to further refined and overcome their inherent
limitations [38]. Anti-apoptotic molecules like survivin that enhance the survival of cancer
cells and facilitate their escape from cytotoxic therapies are vaccination candidates. T-cell
death upon drug exposure may be immunogenic or non-immunogenic depending on the
specific chemotherapeutics. Also, chemotherapy represents one of several options available
for clearance of CD4+ Foxp3+ regulatory T cells. Moreover, therapies based on monoclonal
antibodies may have synergistic potential in combination with vaccination, both when used
for targeting of tumor cells and endothelial cells [131].
5.4 Combinatorial immunotherapy
Combination immunotherapy is generally considered to be multi-targeted because it is
aimed at multiple targets on the cancer cell and because preliminary data suggests that it has
the potential to activate multiple cellular components of the immune system which will then
target tumor cells and may cause an anti-tumor immune response. The combination of
anthraquinone-based chemotherapy and the administration of DC differentiation-inducing
cytokines (e.g., GM-CSF) might lead to the simultaneous rapid maturation of functional DC
and the release of tumor associated antigens from dying tumor cells, a seemingly ideal
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scenario for in-vivo tumor immunization. In line with this, Apetoh et al. previously showed
that anthracyclins (i.e., doxorubicin) can induce immunogenic tumor cell death due to the
release of the high mobility group box 1 (HMGB1) protein from dying cells, which can
induce DC activation through interaction with TLR4 [33]. The development of new
treatment modalities, including specific immunotherapy, is of great importance in the field
of cancer immunotherapy. Recently, new paradigms have emerged in the field of cancer
vaccine research. In particular, the potential use of combination therapies that incorporated
immune modulators and standard radio- and chemo-therapy synergized with cancer
vaccines. Cytotoxic chemotherapy is generally considered immunosuppressive, because of
its toxicity for dividing cells in the bone marrow and peripheral lymphoid tissue. Therefore,
the combination of cancer vaccines with chemotherapies has been considered to be
inappropriate because the immunosuppressive effects of the chemotherapy would negate the
efficacy of cancer vaccines. However, increasing evidences have been mounting to suggest
that immunotherapy has the possibility of achieving better success when used in
combination with conventional chemotherapy [132, 133]. A standard cytotoxic agent,
gemcitabine, not only exerts direct antitumor activity, but also mediates immunological
effects relevant for cancer immunotherapy [100–102]. Cross-presentation of TAAs by DCs
is essential for induction of augmented CTL responses. Treatment of cancer cells and DCs
with gemcitabine resulted in enhanced cross-presentation of TAAs by DCs, CTL expansion,
and infiltration of the tumor, all of which are associated with augmented CTL [134].
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5.5 Investigational combination immunotherapy
A potential investigational combination immunotherapy in what may become a new class of
immunotherapy drugs. Multikine (Leukocyte, Interleukin Injection) is an investigational
new drug being studied as a potential combination immunotherapy. This type of
immunotherapy is thought to work on multiple fronts against advanced cancer. Multikine
investigational therapy is comprised of a mixture of cytokines and is not one cell or one
protein. It is a combination of molecules and proteins (interleukins, interferons, chemokines,
and colony stimulating factors) derived from the stimulation in culture of normal immune
system cells. Multikine investigational therapy is a patented defined mixture of biologically
active, natural cytokines, for which preliminary evidence from studies to date suggests the
potential to simulate the body's healthy immune response [135].

Conclusion and Future Direction
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Cancer in general and colorectal cancer in particular is a very complex disease to treat, not
only because of its ability to avoid being recognized by the immune system, but also
because of its ability to immortalize and continue to divide endlessly. A number of therapies
are available to cancers patients including those having colorectal cancer depending on the
stage of the cancer and the degree of complications. All the therapies are having their own
success-rate and limitations. Effectiveness of a therapy would depend on the survival-rate of
the patients and level of recurrence. In this review we have highlighted and emphasized the
combinatorial approach along with the conventional methods of cancer treatment that could
be much more effective and would enhance the patient's survival. Success-rate driven
combinatorial therapy holds a promise and could be foreseen as treatment of choice and the
clinical trials for such an approach should be encouraged in future (Fig 1). Also it would be
imperative in future, to find out the success rate for different combinatorial approach to
overcome the limitations of treating the colorectal cancer.
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Figure 1.

Limitations and future of treating cancer through combinatorial approach
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Target Molecule

Mechanism

Drug (reference)

EGFR

Inhibits activating by
growth signals

Cetuximab (Erbitux)

EGFR

Prevents sending growth
signals

Panitumumab (Vectibix)

VEGF

Prevents it from interacting
with receptors on
endothelial cells

Bevacizumab (Avastin)

*

Vit D3

Macrophages
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