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Introduction
to Cancer Treatment
  



 








  

    
Cancer
is a devastating and complex disease that continues to affect
millions of people worldwide. It occurs when abnormal cells in the
body grow and divide uncontrollably, forming tumors that can invade
nearby tissues and spread throughout the body. Cancer treatment
involves a multidisciplinary approach that includes surgery,
chemotherapy, radiation therapy, immunotherapy, targeted therapy,
and
hormonal therapy. The goal of cancer treatment is to remove or
destroy cancerous cells while preserving healthy tissue and
minimizing side effects. The type of treatment used depends on
several factors, such as the stage of cancer, the location of the
tumor, and the patient's overall health. Despite significant
advances
in cancer research and treatment, it is still a challenging disease
to treat, and new therapies are needed to improve outcomes for
patients.
  



 








 








  

    
Surgery
for Cancer Treatment
  



 








  

    
Surgery
is one of the primary treatments for cancer and involves the
removal
of a tumor and surrounding tissue to prevent its spread. Surgery
can
be curative, meaning it removes all cancerous cells, or it can be
palliative, which aims to relieve symptoms and improve quality of
life. The success of surgery depends on several factors, such as
the
stage of cancer, the size and location of the tumor, and the
patient's overall health.
  



 








  

    
Surgical
procedures for cancer treatment may vary depending on the type and
stage of cancer. In some cases, minimally invasive techniques such
as
laparoscopic surgery or robotic surgery may be used to reduce
scarring, pain, and recovery time. Surgical procedures may
include:
  



 








  

    
1.
Biopsy: A biopsy is a procedure that involves removing a small
sample
of tissue from the tumor to determine if it is cancerous.
  



 








  

    
2.
Lumpectomy: A lumpectomy is a surgical procedure that removes only
the tumor and a small amount of surrounding tissue in the breast,
rather than the entire breast.
  



 








  

    
3.
Mastectomy: A mastectomy is the surgical removal of the entire
breast, including the nipple and areola.
  



 








  

    
4.
Lymph node dissection: Lymph node dissection involves the surgical
removal of lymph nodes near the cancer to determine if it has
spread.
  



 








  

    
5.
Prostatectomy: A prostatectomy is the surgical removal of the
prostate gland, typically performed for prostate cancer.
  



 








  

    
While
surgery can be effective in treating cancer, it does have risks and
potential side effects, including bleeding, infection, pain, and
scarring. Additionally, not all cancers can be treated surgically,
and sometimes surgery may need to be combined with other treatments
such as chemotherapy or radiation therapy to achieve the best
outcome.
  



 








 








 








  

    
Radiation
Therapy for Cancer Treatment
  



 









  
Radiation
  therapy is a type of cancer treatment that uses high-energy
  radiation
  to destroy cancer cells and shrink tumors. It works by damaging
  the
  DNA inside cancer cells, making it impossible for them to survive
  and
  reproduce. Radiation therapy can be delivered externally or
  internally. 




 








  

    
External
radiation therapy uses a machine called a linear accelerator to
deliver radiation beams to the tumor from outside the body. The
patient typically lies on a table while the machine moves around
them, delivering small doses of radiation at different angles. This
type of radiation therapy is usually given in daily sessions over
several weeks.
  



 








  

    
Internal
radiation therapy, also known as brachytherapy, involves placing
radioactive material directly into or near the tumor through an
implant or injection. This allows a higher dose of radiation to be
delivered directly to the cancerous cells while sparing healthy
tissue.
  



 








  

    
Radiation
therapy can be used alone or in combination with other treatments
such as surgery or chemotherapy. Sometimes radiation therapy is
given
before surgery to shrink the tumor and make it easier to remove.
Other times, it may be given after surgery to kill any remaining
cancer cells or to prevent the cancer from returning. Radiation
therapy can also be used to relieve symptoms caused by cancer, such
as pain or difficulty breathing.
  



 








  

    
While
radiation therapy is effective in killing cancer cells, it can also
damage nearby healthy tissue, leading to side effects such as
fatigue, skin irritation, and nausea. The severity of these side
effects depends on the location and dose of radiation, as well as
the
patient's overall health. Radiation oncologists work closely with
patients to develop a treatment plan that maximizes the benefits of
radiation therapy while minimizing its risks and side
effects.
  



 








 








  

    
Chemotherapy
for Cancer Treatment
  



 








  

    
Chemotherapy
is a type of cancer treatment that uses drugs to destroy cancer
cells
or stop them from growing. Chemotherapy can be used alone or in
combination with other treatments such as surgery or radiation
therapy.
  



 








  

    
Chemotherapy
drugs are usually administered through an IV, but they can also be
taken orally or applied topically. The drugs travel through the
bloodstream to reach cancer cells throughout the body, making it an
effective treatment for cancers that have spread beyond their
original location.
  



 








  

    
Chemotherapy
works by targeting rapidly dividing cells, which includes cancer
cells. However, it can also affect healthy cells in the body that
divide rapidly, such as those in the bone marrow, hair follicles,
and
digestive system. This can lead to side effects such as nausea,
fatigue, hair loss, and an increased risk of infection.
  



 








  

    
The
specific chemotherapy drugs used depend on the type of cancer being
treated. Some drugs are designed to target specific types of cancer
cells, while others work more broadly. Chemotherapy may be given in
cycles, with periods of rest in between, to allow the body time to
recover from the effects of the drugs.
  



 








  

    
Some
common chemotherapy drugs include:
  



 








  

    
1.
Platinum-based drugs: These drugs are used to treat many types of
cancer, including lung, ovarian, and testicular cancer.
  



 








  

    
2.
Antimetabolites: These drugs interfere with DNA replication, making
it difficult for cancer cells to grow and divide. They are used to
treat leukemia, lymphoma, and some solid tumors.
  



 








  

    
3.
Anthracyclines: These drugs interfere with enzymes involved in DNA
replication and are used to treat breast cancer, lymphoma, and
leukemia.
  



 








  

    
4.
Taxanes: These drugs prevent cell division by stabilizing
microtubules, which are structures that help move chromosomes
during
cell division. They are used to treat breast, prostate, and lung
cancer.
  



 








  

    
While
chemotherapy can be effective in killing cancer cells, it can also
cause significant side effects. Patients receiving chemotherapy are
closely monitored for side effects, and supportive care may be
provided to manage symptoms such as nausea, pain, or
fatigue.
  



 








 








 








  

    
Immunotherapy
for Cancer Treatment
  



 








  

    
Immunotherapy
is a type of cancer treatment that harnesses the body's immune
system
to fight cancer. The immune system normally recognizes and destroys
abnormal cells, including cancer cells. However, some cancer cells
can evade detection by the immune system or suppress its
response.
  



 








  

    
Immunotherapy
works by either boosting the immune system's ability to recognize
and
attack cancer cells or by targeting specific proteins on cancer
cells
to make them more visible to the immune system. There are several
types of immunotherapy, including:
  



 








  

    
1.
Immune checkpoint inhibitors: These drugs block proteins on cancer
cells or immune cells that prevent the immune system from attacking
cancer cells. They are used to treat several types of cancer,
including melanoma, lung, bladder, and kidney cancer.
  



 








  

    
2.
CAR T-cell therapy: This involves removing T-cells (a type of
immune
cell) from a patient's blood and modifying them in a lab to
recognize
and attack cancer cells before injecting these T-cells back into
the
patient's body.
  



 








  

    
3.
Cancer vaccines: These vaccines stimulate the immune system to
recognize and attack cancer cells by exposing it to cancer-specific
antigens.
  



 









  
4.
  Monoclonal antibodies: These drugs are designed to attach to
  specific
  proteins on cancer cells and trigger an immune response against
  them.
  




 








  

    
Immunotherapy
has shown promising results in treating several types of cancer,
particularly those that are advanced or difficult to treat.
However,
not all patients respond to immunotherapy, and it can have side
effects such as fatigue, fever, and skin reactions. Researchers
continue to study new approaches to immunotherapy and to improve
its
effectiveness and safety for patients.
  



 








 








 








  

    
Hormonal
Therapy for Cancer Treatment
  



 








  

    
Hormonal
therapy is used to treat cancers that are sensitive to hormones
such
as estrogen or testosterone. It involves the use of drugs that
block
the production or action of these hormones. Hormonal therapy is
often
used to treat breast and prostate cancers.
  



 








  

    
Conclusion
  



 








  

    
The
treatment of cancer requires a multidisciplinary approach that
takes
into account the stage of cancer, the patient's overall health, and
the potential side effects of each treatment. Advances in cancer
research have led to the development of new treatments such as
immunotherapy and targeted therapy, which offer hope for patients
with advanced or difficult-to-treat cancers. As the field of
oncology
continues to evolve, it is likely that new treatments will emerge
that offer even greater efficacy and fewer side effects.
  



 








 








 








                    
                    
                

                
            

            
        

    
        
            
                
                
                    
                    
                        Chapter2: Cancer Treatment 2
                    

                    
                    
                

                
                
                    
                    
                    

  

    
Targeted
Therapy for Cancer Treatment
  



 








  

    
Targeted
therapy uses drugs that target specific molecules involved in the
growth and spread of cancer cells. These drugs are often used to
treat cancers that are resistant to other treatments or have a
specific genetic mutation. Targeted therapy can have fewer side
effects than chemotherapy but may still cause nausea, diarrhea, or
skin rash.
  



 








 









  

    
Targeted
    therapy using nanocomposite delivery systems 
  




  

    
The
clinical use of microRNAs in modern therapeutics shows immense
potential in overcoming the formidable challenge of cancer
metastasis
by identifying molecular limitations. miRNAs have a crucial role in
regulating gene expression at the post-transcriptional level,
influencing mRNA stability and translation capacity. Among these
microRNAs, miR34a acts as a master regulator of tumor suppressor
genes, cancer progression, stemness, and drug resistance in both
p53-dependent and independent signaling pathways at the cell level.
With advances in nanotechnology, particularly in nanomedicine, nano
drug delivery systems have become a prominent strategy in clinical
practices, coupled with miR34a delivery. Recent studies have
demonstrated that elevated miR34a expression in human cancer cell
lines and model organisms decreases cell proliferation and
metastasis
by targeting multiple signaling cascades. Various studies have also
reported that deregulated miR34a in cancer cells influences
apoptosis
and necessitates targeted nano-delivery systems for efficient
cancer
treatment. Accordingly, this review aims to provide an overview of
the clinical applications of miR34a regulation in targeted cancer
therapy.
  



  

    
MicroRNAs
(miRNAs) are a class of conserved, non-coding RNA molecules that
play
various functional roles. These small 18-25 nucleotide-long
molecules
regulate gene expression by inhibiting genetic translation and
reducing mRNA stability via complementary base pairing with the
3΄-untranslated region. MiRNAs possess anti-cancer activity and
have
been identified as potential therapeutic candidates for silencing
oncogene expression in human and mouse models. Some miRNAs act as
tumor suppressors or oncogenic RNA regulators and are believed to
be
crucial factors in targeted therapy in the future. OncomiRs are
oncogenic miRNAs that are aberrantly upregulated in cancer cells
and
contribute significantly to carcinogenesis by inhibiting tumor
suppressor genes.
  



 








  

    
MiRNA
therapeutic strategies, such as miRNA inhibitors, have proven to be
one of the most promising approaches for silencing OncomiRs. For
instance, miR-155 is a significant OncomiR that plays an oncogenic
role in several hematologic and solid tumors. Several studies have
reported the epigenetic downregulation of miR34a in different
cancer
cell lines. Consequently, the inactivation of miR-34a/b/c and its
related downstream molecular signaling cascades are significant
contributing factors to tumorigenesis.
  



 








  

    
MiRNA
replacement therapy is currently considered the most attractive
option for the scientific community to target abnormal cancerous
cell
dynamics, with miR34a being the first reported miRNA with tumor
suppression potential. Advances in miR34a biology have garnered the
interest of biopharmaceutical companies to design
therapeutically-effective candidates to combat molecular oncology.
Nanobiotechnology has emerged as a fascinating tool in the
scientific
community, where designing nano-sized delivery systems that act as
anticancer agents is an attractive avenue. To facilitate the
shuffling of these emerging delivery systems from the bench to the
bedside, they should be stable, safe, specific, and effective.
Hence,
this review article aims to cover the clinical application of
miR34a
in targeted cancer therapy, with special emphasis on its use
through
nanocomposite delivery systems.
  



 








  

    

      
miR34a
    
  



  

    
MiR34a
is a crucial player in regulating tumor suppressors, serving as a
master regulator. Multiple lines of evidence suggest that miR34a
regulates gene expression at the post-transcriptional level,
influencing mRNA stability and translation capacity directly or
indirectly. The human genome encodes fewer than 1000 miRNAs,
playing
an essential role in regulating most genes that control
translation.
Among these, the miR34 family comprises three significant members:
miR34a, miR34b, and miR34c. MiR-34a is expressed ubiquitously in
normal tissues in humans and mice, but miR-34b and miR-34c are
predominantly expressed in specific tissues such as the brain,
testes, fallopian tubes, and lung tissues. The miR-34a gene is
located on chromosome 1p36.2 in humans, while miR-34b and miR-34c
are
expressed from a common transcript on chromosome 11q23.
  



 








  

    

      
Regulation
of miR34a
    
  



  

    
Activation
of p53 regulates the transcriptional expression of miR34a, which is
known to halt cell cycle proliferation by inducing cell damage
repair
or apoptosis. Researchers have identified the 5΄ upstream region of
miR34a as the selective binding site for p53 in response to DNA
damage or cell stress. Upon genotoxic stress, miR34a upregulation
is
strongly induced in a p53-dependent manner. In several studies on
cancer models of lung, pancreas, colon, and breast cancer, it has
been established that p53 mutation negatively regulates miR34a
expression. However, several molecular studies also report
p53-independent regulation of miR34a. Current molecular evidence
supports that miR34a overexpression inhibits cell proliferation,
induces cell senescence, and its expression level determines cell
fate.
  



  

    
Recent
studies have shed light on the biological interaction between MDM2,
MDMX/4 proto-oncogenes and p53 tumor suppressor protein. Both MDM2
and MDMX/4 degrade p53 by interacting with its C-terminal
regulatory
domain, leading to suppression of apoptosis. Molecular
investigations
in miR34a knockout mice models have revealed that miR34a plays a
significant role in infertility, post-natal mortality, fibrotic
diseases, breast abnormality, invasive carcinoma, and multiple
lung-related complications.
  



 








  

    
Histone
acetylation and deacetylation also play an essential role in
eukaryotic gene expression regulation. SIRT-1, a histone
deacetylase,
has been implicated in many cancers, including lymphoma, breast,
lung, ovarian, pancreatic, and bladder cancer. It directly
deacetylates p53, leading to deregulation of the biological
mechanism
of controlling cell division (apoptosis). The HDAC-1 gene encodes a
deacetylase protein that targets tumor suppressor proteins such as
p53 and Rb genes, modulating their biological activity of cell
growth
and apoptosis. miR34a inhibits SIRT-1 and HDAC-1 histone
deacetylase
activity, inducing p53 transactivation and downstream signaling
cascade to limit abnormal division of cancer cells.
  



 








  

    
CD44
is a cell surface molecule that regulates complex biological
processes such as cell proliferation, differentiation, migration,
angiogenesis, and cytokine production, making it a crucial player
in
cancer pathogenesis. miR34a has a robust association with cancer
stem
cell regulation in various cancer types. Researchers have validated
CD44 as a functional target of miR34a, where over-expression of
miR34a leads to CD44 knockdown and inhibition of cancer cell
regeneration and metastasis. Additionally, miRNAs play a vital role
in coupling and antagonizing Dicer-1, whose downregulation leads to
metastasis induction. Dicer-1 deficiency is responsible for the
over-expression of CD44 in colon cancer cells, and its deregulation
in humans and other mice models is linked with defective production
of miR34a.
  



 








  

    
The
proper functioning of cellular surveillance mechanisms in the human
body's guardian of the genome, the "Onco-suppressor p53,"
depends on various biomolecules. Recent research has shown
promising
therapeutic potential of miR34a in downregulating the expression of
NOTCH-1 and Bcl-2, which could increase apoptotic mechanisms,
according to both xeno-grafted mouse models and in vitro analysis.
The deregulation of NOTCH is associated with an increase in
apoptosis, similar to Bcl2. MiR-34a plays a crucial role in
initiating programmed cell death triggered by the activation of p53
genes. To study the expression of miR-34a at the cellular level,
Tsungeng Chang et al. conducted a series of experiments using cells
with wild and mutant type p53 genes separately. The authors found
that cells with a functional p53 gene expressed miR-34a more than
those with a mutated form of p53. Inducing synthetic miR-34a in
both
wild and mutated cells showed a higher rate of apoptosis in the
wild
type with functional p53 genes compared to mutated cells. These
results suggest that miR-34a-regulated apoptosis depends on the
functionality of the p53 gene. Additionally, these experiments have
demonstrated that reduced expression of miR-34a is the leading
cause
of cancer in pancreatic cells, highlighting its key function in
regulating gene expressions proposed by the p53 gene.
  




  
The
  tumor suppressor protein p53 is the primary modulator in cancer
  biology to initiate a p53-dependent transcriptional feedback
  network
  by regulating miRNA expression upon genotoxic stress [31].
  Clinical
  trials of miR-34a replacement therapy have shown potential for
  cancer
  treatment, but its expression is controlled by p53, which is
  often
  deregulated in carcinogenesis. Therefore, alternative
  p53-independent
  strategies to stabilize miR-34a expression have gained
  significant
  clinical acceptance. These strategies involve intrinsic and
  extrinsic
  signaling cascades that can function independently or in
  conjunction
  with p53-dependent mechanisms or deregulated p53 cells [33].
  




 








  

    
MiR-34a,
a tumor suppressor miRNA, is frequently depleted in cancer tissues
and is associated with the genetic expression of numerous signaling
pathways and biological molecules, including NOTCH-1, CD44, Bcl-2,
Myc, Met, CDK-4/6 [33]. Transcription of miR-34a is predominantly
triggered by p53 binding domains/sites on the promoter region of
miR34a after DNA damage [34,35], and multiple feedback loops can
also
trigger its expression. Clinical studies have demonstrated induced
miR-34a expression in p53-deficient cells and mouse models,
supporting p53-independent strategies for its expression
[36].
  



 








  

    
Therefore,
the disrupted effect of p53 needs to be considered when formulating
miRNA-based anti-cancer drugs, given the involvement of multiple
feedback loops. MiR-34a targets approximately 700 genes to regulate
cell proliferation, apoptosis, senescence, cancer stemness,
immunity,
and downregulation of miR-34a shows a strong molecular association
with the onset of cancer [33]. However, in some cases, deletion of
the genome locus of chromosome 1p36, responsible for encoding
miR34a
transcript, has been reported in different cancers [40].
  



  

    
MicroRNA-based
therapies for cancer treatment aim to downregulate the expression
of
targeted oncogenes, restoring the body's innate potential to fight
against cancer onset. One such therapeutic product candidate is
MRX34, which has made advancements in clinical testing as the first
microRNA replacement therapy. The miRNA-34 family was first
identified in 2007 as a direct target of p53, and in 2013, miR34a
entered human clinical trials and successfully met primary goals in
phase 1 study.
  



 








  

    
However,
systemic delivery of miR34a by liposome-based approach in phase 1
clinical trials was terminated due to immune-related adverse
effects
in multiple cases, highlighting the need for improved alternative
delivery systems that target advanced biological entities. Direct
transfection of miR34a mimics has also been ineffective due to
their
non-specificity and instability in serum. To overcome these
limitations, researchers have focused on novel nano-delivery
systems,
including synthetic, multi-dynamic, and emerging nano-conjugation
delivery systems designed to support efficient transfection.
  



 








  

    
Lipid-based
nanocarriers, such as cation liposomes, have revealed great
potential
for nucleic acid delivery as they effectively interact with
negative
charge nucleic acids forming colloidal nanoparticles (lipoplexes)
that are taken up by cells through endocytosis. Moreover,
nanotechnology-based formulation of biopharmaceutical drugs is in
the
advanced phase of clinical trials by designing nanocarrier surfaces
for different biological molecules including non-coding RNAs
(miR34a). A variety of nanocomposites have been investigated to
deliver miR34a specifically to desired targeted localities or
neighborhoods of cell microenvironments, including silver, zinc,
gold, PEG, PLGA, hyaluronic acid-chitosan nanoparticles, and silver
bullets.
  



 








  

    
Recent
studies have shown that polymer-based nanocomposite delivery
systems
are well-tolerated and result in the downregulation of several
oncogenic pathways in cancer patients, including the c-Met and PDGF
signaling pathways. Furthermore, a phase I clinical trial conducted
by miRagen Therapeutics using a nanoparticle-based delivery system
for miR34a showed evidence of antitumor activity and successful
downregulation of several oncogenic pathways, including the BCL2
and
STAT3 pathways.
  



 








  

    

      
Nanoscale
delivery systems
    
  



 








  

    
The
use of nanocarriers for the delivery of microRNA (miRNA) based
therapies has shown great potential in cancer treatment.
Researchers
have combined lipids such as phosphatidylcholine, cholesterol, and
PEGylated lipids to formulate nanocomposites for in vitro and in
vivo
evaluation of their efficacy in reducing tumor growth and
inhibiting
dysregulated cytokines in preclinical studies of cancer treatment.
This review paper outlines a few predominant types of nanocarriers
that have been used for the delivery of miR34a in cancer treatment
and their mechanisms of action.
  



 








  

    
LNPs
are lipid-based spherical structures that can encapsulate miRNAs
and
deliver them to target cells through endocytosis. These lipid-based
nanocomposites are designed to specifically target cancer cells.
Once
inside the cancer cell, the nanocomposite releases therapeutic
cargo
(such as miR34a) into the cytoplasm using pH-sensitive or
membrane-disrupting lipids. The therapeutic cargo then interacts
with
its target molecules within the cancer cell, leading to the
inhibition of tumor growth or induction of apoptosis. The
lipid-based
nanocomposite and any unbound therapeutic cargo are eventually
eliminated from the body through various routes such as the kidneys
and liver.
  



 








  

    
LNPs
have been found to enhance miR34a expression and inhibit tumor
growth
in preclinical studies. Recent research has demonstrated the
potential of lipid-based nanoparticles as an effective and safe
drug
delivery system for the treatment of various cancers, including
pancreatic cancer. In a study published in the Journal of
Controlled
Release in 2022, researchers developed a lipid-based nanoparticle
formulation for the delivery of a small molecule inhibitor of the
protein kinase CK2 to treat pancreatic cancer. The nanoparticles
effectively delivered the CK2 inhibitor to the tumor site and
significantly inhibited CK2 activity in vitro and in vivo.
Moreover,
the nanoparticles were well-tolerated and did not show any signs of
toxicity in mice. This study highlights the potential of
lipid-based
nanoparticles as a promising drug delivery system for cancer
therapy.
  



 








  

    
PNPs
are polymeric-based nanoparticles that can encapsulate miRNAs and
deliver them to targeted cells through endocytosis. PNPs offer the
advantage of protecting miRNAs from degradation, and they have been
shown to enhance the delivery of miR34a and inhibit tumor growth in
preclinical studies. Moreover, PNPs have the additional benefit of
immunomodulation, which helps to modulate the immune response to
cancer cells, leading to increased recognition and destruction of
cancer cells by immune cells.
  



 








  

    
Recently,
a group of researchers developed a polymeric nanoparticle-based
drug
delivery system for the treatment of pancreatic cancer. The
nanoparticles were formulated using a polymer called
poly(lactic-co-glycolic acid) (PLGA) and loaded with the
chemotherapeutic drug gemcitabine. In vitro and in vivo studies
confirmed that PNPs effectively inhibited tumor growth and reduced
drug toxicity by delivering gemcitabine directly to the tumor site.
The study demonstrated the potential of polymeric nanoparticles as
an
effective and safe drug delivery system for the treatment of solid
tumors such as pancreatic cancer. Furthermore, the PNPs were
well-tolerated and did not show any signs of toxicity, indicating
their potential use in future clinical trials.
  



 








  

    
MSNs
refer to porous silica-based nanoparticles that can encapsulate
miRNAs and deliver them into target cells via endocytosis. They can
provide sustained release of miRNAs and are designed to
specifically
target cancer cells using various mechanisms, such as endocytosis.
MSNs can also load chemotherapy drugs into their pores and release
these agents in a controlled manner over time. This results in
improved drug efficacy and reduced toxicity to healthy tissues.
Additionally, MSNs can modulate the tumor microenvironment, promote
an anti-tumor immune response, and inhibit tumor angiogenesis.
Eventually, they are eliminated from the body through various
excretory routes.
  



 








  

    
Preclinical
studies have shown that MSNs enhance miR34a expression and inhibit
tumor growth. In a recent study, researchers developed mesoporous
silica nanoparticle-based drug delivery systems for the treatment
of
breast cancer. They loaded MSNs with the chemotherapy drug
doxorubicin (DOX) and conjugated them with a tumor-targeting
peptide
called iRGD. The researchers evaluated the MSNs in vitro and in
vivo
for their efficacy in inhibiting tumor growth and reducing drug
toxicity. The MSNs successfully delivered DOX to the tumor site and
significantly inhibited tumor growth in a mouse model of breast
cancer. Moreover, the iRGD-conjugated MSNs showed enhanced tumor
targeting and uptake, resulting in a higher accumulation of DOX in
the tumor tissue.
  



 








  

    
GNPs
are gold-based nanoparticles that can be functionalized with miRNAs
and delivered to target cells through cellular uptake via
endocytosis. They have been shown to enhance miR34a expression and
inhibit tumor growth in preclinical studies. GNPs can also be
designed to specifically target cancer cells using various
mechanisms, such as receptor-mediated endocytosis.
  



 








  

    
Moreover,
GNPs can be activated by external stimuli such as laser light or
magnetic fields, leading to localized hyperthermia that induces
cellular damage in cancer cells while leaving surrounding healthy
tissues relatively unharmed. Additionally, GNPs can generate ROS
under certain stimuli, leading to oxidative stress in cancer cells.
GNPs can also be loaded with various drugs and targeted to cancer
cells, improving drug delivery and reducing toxicity to healthy
tissues. These nanoparticles have been shown to modulate the tumor
microenvironment, promoting an anti-tumor immune response and
inhibiting tumor angiogenesis.
  



 








  

    
In
a recent study investigating the mechanism of action of GNPs for
the
treatment of glioblastoma, researchers used GNPs conjugated with a
tumor-targeting peptide and loaded them with the chemotherapeutic
drug temozolomide (TMZ). The GNPs penetrated the blood-brain
barrier
and accumulated in the tumor tissue, where they released TMZ in a
controlled manner. The GNPs induced oxidative stress and DNA damage
in the tumor cells, leading to cell death via apoptosis. The
researchers observed that GNPs were able to modulate the immune
response in the tumor microenvironment, leading to the recruitment
of
immune cells that further enhanced the anti-tumor effect of the
treatment.
  



 








  

    
Viral
vectors are considered nanocomposites as they comprise a nanoscale
viral particle (typically between 20 and 100 nm in diameter) that
has
been engineered to deliver genetic material into cells.
Lentiviruses
and adenoviruses are viral vectors suitable for miRNA delivery. The
mechanism of action involves the integration of miRNAs into the
host
genome, leading to sustained expression of the therapeutic
molecule.
Preclinical studies have demonstrated the effectiveness of these
viral vectors in enhancing miR34a expression and inhibiting tumor
growth.
  



 








  

    
The
choice of viral vector is based on its ability to infect cancer
cells
efficiently and selectively. The vector is modified to express
miR34a
and reduce toxicity or immune response risks. The modified vector
is
then introduced into the body via injection into the bloodstream or
directly into the tumor. Cancer cells take up the viral vector, and
miR34a is delivered into the cytoplasm where it inhibits the
expression of target genes or molecules, leading to apoptosis of
the
cancer cells. After successful therapy, the viral vector is
eliminated from the body through the excretory system.
  



 








  

    
In
a recent study, researchers utilized a lentivirus to deliver miR34a
in patients with malignant pleural mesothelioma, and it was
observed
that this led to significant tumor growth reduction in mouse
models.
The therapy was also found to be safe and well-tolerated in phase I
clinical trials, with some patients experiencing disease
stabilization or regression.
  



 








  

    
This
review highlights the potential of nanocomposite-mediated delivery
of
miRNAs as a promising approach for cancer treatment, particularly
challenging cancers. Furthermore, the use of tumor-targeting
peptides
and GNPs that modulate the immune response may enhance therapeutic
efficacy. This approach could potentially treat other types of
cancer, particularly those linked to overexpression of targetable
genes such as c-Met.
  















