
Nanomedicine



Nanomedicine is a multidisciplinary field that applies the knowledge and tools of 
nanotechnology to the prevention, diagnosis, and treatment of diseases. It involves the 
use of nanoparticles, nanostructures, and nanoscale materials to develop innovative 
medical therapies and diagnostic techniques.

Nanomedicine seeks to improve the effectiveness of treatments by enabling targeted 
drug delivery, reducing side effects, and enhancing the bioavailability of therapeutic 
agents. It also has the potential to revolutionize diagnostics by developing highly 
sensitive and accurate devices for detecting diseases at an early stage, which can 
significantly improve patient outcomes.

Targeted drug delivery: Nanoparticles can be engineered to carry drugs specifically to 
the site of a disease, improving the efficiency of the treatment and minimizing side 
effects.
Imaging and diagnostics: Nanoscale materials can be used as contrast agents or 
imaging probes, enhancing the detection of diseases and providing real-time monitoring 
of therapeutic responses.
Regenerative medicine: Nanotechnology can be employed to develop scaffolds or 
nanomaterials that promote tissue regeneration and repair.
Gene therapy: Nanocarriers can be designed to transport genetic material into cells, 
allowing for the correction of genetic defects or the manipulation of gene expression.
Immunotherapy: Nanoparticles can be used to modulate the immune system, either by 
enhancing immune responses or suppressing overactive immune reactions.
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Virus Infection



Cancer Hallmark



Sustained proliferative signaling: Cancer cells can stimulate their own growth by 
producing growth factors or by overactivating growth factor receptors.

Evasion of growth suppressors: Cancer cells can bypass cellular mechanisms that 
normally inhibit cell growth and division, such as tumor suppressor genes like p53 and 
Rb.

Resistance to cell death: Cancer cells can avoid apoptosis, the programmed cell 
death that occurs when cells are damaged or dysfunctional, allowing them to survive 
and multiply.

Replicative immortality: Cancer cells can maintain the length of their telomeres, the 
protective caps on the ends of chromosomes, which enables them to divide indefinitely.

Induction of angiogenesis: Cancer cells can stimulate the formation of new blood 
vessels (angiogenesis) to supply the growing tumor with oxygen and nutrients.

Activation of invasion and metastasis: Cancer cells can break away from the 
primary tumor, invade surrounding tissues, and form secondary tumors in distant sites.

Hanahan, D., & Weinberg, R. A. (2000). The 
hallmarks of cancer. Cell, 100(1), 57-70.



An increasing body of research suggests that two additional hallmarks of cancer are involved in the 
pathogenesis of some and perhaps all cancers. One involves the capability to modify, or reprogram, cellular 
metabolism in order to most effectively support neoplastic proliferation. The second allows cancer cells to 
evade immunological destruction, in particular by T and B lymphocytes, macrophages, and natural killer cells. 
Because neither capability is yet generalized and fully validated, they are labeled as emerging hallmarks. 
Additionally, two consequential characteristics of neoplasia facilitate acquisition of both core and emerging 
hallmarks. Genomic instability and thus mutability endow cancer cells with genetic alterations that drive tumor 
progression. Inflammation by innate immune cells designed to fight infections and heal wounds can instead 
result in their inadvertent support of multiple hallmark capabilities, thereby manifesting the now widely 
appreciated tumor-promoting consequences of inflammatory responses.



Deregulation of cellular energetics: Cancer cells often exhibit altered metabolism, 
such as increased glucose uptake and glycolysis, even in the presence of oxygen (a 
phenomenon known as the Warburg effect).

Avoiding immune destruction: Cancer cells can evade detection and destruction 
by the immune system through various mechanisms, such as the expression of 
immune checkpoint proteins.

(Enabling characteristic) Genome instability and mutation: Cancer cells often 
have increased genomic instability, leading to a higher rate of mutations that can 
drive the acquisition of the other cancer hallmarks.

(Enabling characteristic) Tumor-promoting inflammation: Inflammation can create 
a tumor-promoting environment that fosters the growth, survival, and spread of 
cancer cells.

Hanahan, D., & Weinberg, R. A. (2011). 
Hallmarks of cancer: the next generation. 
Cell, 144(5), 646-674.











EPR Effect



The Enhanced Permeability and Retention (EPR) effect is a phenomenon that is 
commonly exploited in nanomedicine for the passive targeting of nanoparticles to solid 
tumors. The EPR effect is based on the unique characteristics of the tumor 
microenvironment, which include leaky blood vessels and impaired lymphatic drainage.

In solid tumors, the rapid growth of cancer cells leads to the formation of new blood 
vessels through a process called angiogenesis. However, these newly formed blood 
vessels are often disorganized and have large gaps between endothelial cells, 
resulting in increased permeability. This enhanced permeability allows nanoparticles, 
which are typically in the size range of 10-200 nm, to passively accumulate in the 
tumor tissue more efficiently than in healthy tissues.

The second key factor contributing to the EPR effect is the impaired lymphatic 
drainage in the tumor microenvironment. The lymphatic system is responsible for 
removing excess fluids, proteins, and waste products from tissues. However, in tumors, 
the lymphatic vessels are often compressed or dysfunctional, which hinders their 
ability to efficiently drain the accumulated substances. This results in the retention of 
nanoparticles within the tumor tissue for extended periods, allowing them to exert their 
therapeutic effects.

The EPR effect provides a passive targeting mechanism for nanomedicines, 
enhancing their accumulation and retention within solid tumors, while reducing their 
distribution to healthy tissues. t.





EPR Effect







Potential EPR Markers
Vascular endothelial growth factor (VEGF): VEGF is a key factor that stimulates 
angiogenesis in tumors, promoting the formation of disorganized and leaky blood 
vessels. High levels of VEGF in a tumor may suggest an increased likelihood of the 
EPR effect.

Angiopoietin-2 (Ang-2): Ang-2 is another angiogenic factor that contributes to the 
formation of leaky blood vessels in tumors. Like VEGF, elevated levels of Ang-2 may 
indicate a tumor microenvironment conducive to the EPR effect.

Hypoxia-inducible factors (HIFs): HIFs are transcription factors that are activated 
under low oxygen conditions (hypoxia), which are common in solid tumors. HIFs 
regulate the expression of various genes involved in angiogenesis, including VEGF, 
and can, therefore, serve as indirect indicators of the EPR effect.

Endoglin (CD105): Endoglin is a protein that is highly expressed on the surface of 
endothelial cells involved in angiogenesis. It can be used as a marker to identify newly 
formed blood vessels in tumors and may provide some indication of the EPR effect.

Platelet-derived growth factor (PDGF): PDGF is another factor involved in 
angiogenesis and blood vessel maturation. Elevated levels of PDGF may be 
associated with the formation of leaky blood vessels in the tumor microenvironment, 
which can contribute to the EPR effect.





Doxil/Caelyx (liposomal doxorubicin): Doxil (known as Caelyx outside of the US) is a 
liposomal formulation of the chemotherapy drug doxorubicin. The liposomal 
encapsulation improves the pharmacokinetics of the drug, reduces side effects such 
as cardiotoxicity, and enhances its accumulation in tumors.









Abraxane (albumin-bound paclitaxel)
Abraxane is a nanoparticle-based formulation of the chemotherapy drug paclitaxel, 
bound to albumin protein. It is used for the treatment of breast cancer, non-small 
cell lung cancer, and pancreatic cancer. The albumin-bound formulation enhances 
the solubility of paclitaxel and allows for better drug delivery to tumors.
Journal of Clinical Oncology, 23(31), 7794-7803.





Onivyde (liposomal irinotecan): Onivyde is a liposomal formulation of the 
chemotherapy drug irinotecan, approved for use in combination with other drugs 
for the treatment of metastatic pancreatic cancer. The liposomal encapsulation 
improves the pharmacokinetics and biodistribution of irinotecan, increasing its 
therapeutic effect.



The Lancet, 387(10018), 545-557.



Targeted Delivery
Active targeting: Active targeting involves the functionalization of nanocarriers with 
ligands that specifically recognize and bind to receptors or other molecular targets 
overexpressed on cancer cells or tumor-associated blood vessels. This approach can 
enhance the selectivity and efficacy of nanomedicines.

Liposomes functionalized with antibodies: Doxil® is a PEGylated liposomal formulation 
of doxorubicin, an anticancer drug, that passively targets tumors through the EPR effect . 
Researchers have developed immunoliposomes, which are liposomes conjugated with 
antibodies specific to cancer cell surface antigens, such as HER2, to actively target 
cancer cells.

Polymeric nanoparticles: Polymeric nanoparticles have been developed to deliver 
chemotherapeutic agents, such as paclitaxel, to tumors. For example, Genexol-PM is a 
formulation of paclitaxel-loaded polymeric micelles that passively target tumors through 
the EPR effect. Active targeting can be achieved by conjugating ligands, such as folic 
acid, to polymeric nanoparticles to target cancer cells that overexpress folate receptors

Gold nanoparticles: Gold nanoparticles have been used for the targeted delivery of 
anticancer drugs and photothermal therapy. For example, researchers have 
functionalized gold nanoparticles with aptamers, which are short nucleic acid sequences 
that specifically bind to target molecules, to actively target cancer cells that overexpress 
the EpCAM antigen





Folate decorated polymeric micelles for targeted delivery 





Immune Cells



Immune System
Innate immunity: This is the first line of defense and provides a rapid, 
nonspecific response to harmful substances or pathogens. Innate immunity 
consists of various physical and chemical barriers (e.g., skin, mucous 
membranes, stomach acid), immune cells (e.g., neutrophils, macrophages, 
dendritic cells, natural killer cells), and proteins (e.g., complement system, 
cytokines). The innate immune system can recognize common molecular 
patterns associated with pathogens, such as lipopolysaccharides on the surface 
of bacteria, through pattern recognition receptors (PRRs).

Adaptive immunity: This component of the immune system provides a highly 
specific, targeted response to specific pathogens or antigens. It is slower to 
develop than innate immunity but has the advantage of immunological memory, 
which allows for a faster and more robust response upon subsequent 
encounters with the same pathogen. Adaptive immunity is mainly mediated by 
two types of white blood cells: B lymphocytes (B cells) and T lymphocytes (T 
cells).



Innate immune cells
Neutrophils: These are the most abundant type of white blood cells and are the first 
to arrive at the site of infection. They are phagocytic cells, meaning they engulf and 
destroy pathogens. They also release enzymes and antimicrobial peptides to kill 
microbes and recruit other immune cells to the site of infection.

Macrophages: These large phagocytic cells play a critical role in both innate and 
adaptive immunity. They engulf and destroy pathogens, remove dead cells, and 
secrete cytokines that regulate inflammation and recruit other immune cells. 
Macrophages also function as antigen-presenting cells, displaying fragments of 
foreign substances to T cells and initiating an adaptive immune response.

Dendritic cells: These cells act as sentinels in tissues exposed to the external 
environment, such as the skin and mucosal surfaces. They capture and process 
foreign substances and present them to T cells, thus bridging the gap between innate 
and adaptive immunity.

Natural killer (NK) cells: NK cells are lymphocytes that can recognize and kill virus-
infected cells and cancer cells without prior sensitization. They play a crucial role in 
the early defense against infections and tumors.



Adaptive immune cells
B lymphocytes (B cells): B cells are responsible for producing antibodies, which are proteins 
that can recognize and neutralize specific pathogens or infected cells. When a B cell 
encounters its specific antigen, it differentiates into plasma cells that produce and secrete 
large amounts of antibodies, and memory B cells that provide long-lasting immunity against 
the same antigen.

T lymphocytes (T cells): T cells play a central role in the adaptive immune response. They can 
be divided into several types, including:
a. Helper T cells (CD4+ T cells): These cells coordinate the immune response by secreting 

cytokines that activate and regulate other immune cells, such as B cells, cytotoxic T cells, and 
macrophages.
b. Cytotoxic T cells (CD8+ T cells): These cells can directly kill infected or abnormal cells by 

releasing cytotoxic molecules, such as perforin and granzymes, that induce apoptosis (cell 
death).
c. Regulatory T cells (Tregs): These cells help maintain immune tolerance by suppressing 

overactive immune responses and preventing autoimmune reactions.

Memory T cells: These long-lived T cells are generated following an immune response and 
provide long-lasting immunity against the same antigen. They can rapidly differentiate into 
effector T cells upon re-exposure to the antigen, resulting in a faster and more robust immune 
response.



APC



An antigen-presenting cell (APC) is a type of immune cell that plays a critical role in 
initiating and shaping the adaptive immune response. APCs capture, process, and 
present antigens—foreign substances or protein fragments derived from pathogens—
on their surface in association with major histocompatibility complex (MHC) 
molecules. T cells can recognize these antigen-MHC complexes, allowing them to 
mount a specific immune response against the foreign substance.

Dendritic cells: These cells are often considered the most potent APCs due to their 
ability to initiate naive T cell responses. Dendritic cells are located in various tissues, 
especially those exposed to the external environment, such as the skin and mucosal 
surfaces. They capture and process antigens and then migrate to lymphoid organs, 
where they present the antigens to T cells.

Macrophages: Macrophages are phagocytic cells involved in both innate and adaptive 
immunity. They can engulf and destroy pathogens, as well as present antigens to T 
cells. Macrophages are widely distributed throughout the body and play a crucial role 
in the immune response against intracellular pathogens, such as bacteria and fungi.

B lymphocytes (B cells): B cells can also act as APCs, primarily in the context of the 
humoral immune response. When B cells encounter their specific antigen, they 
internalize, process, and present it to helper T cells, which in turn provide signals for B 
cell activation, differentiation, and antibody production.





Cancer Immunotherapies
Cancer immunotherapy refers to a group of therapeutic approaches that aim 
to harness the power of the immune system to recognize and eliminate 
cancer cells. By stimulating or restoring the immune response against 
cancer, immunotherapies can offer a targeted and potentially long-lasting 
treatment for various types of cancer.

There are several types of cancer immunotherapy, including:

Immune checkpoint inhibitors:
Cancer vaccines
Adoptive cell transfer (ACT):
Oncolytic viruses:.
Cytokines:
Bispecific antibodies



Immune Checkpoint Blockade



Immune checkpoint blockade involves using monoclonal antibodies that bind to and 
block the interaction between checkpoint proteins and their ligands, thereby "releasing 
the brakes" on the immune system and allowing T cells to target and kill cancer cells 
more effectively.

CTLA-4 (Cytotoxic T-lymphocyte-associated protein 4): CTLA-4 is an inhibitory 
molecule expressed on the surface of T cells. It competes with the stimulatory molecule 
CD28 for binding to the B7 molecules (CD80 and CD86) on antigen-presenting cells. 
When CTLA-4 binds to B7 molecules, it inhibits T cell activation, preventing an 
overactive immune response. 

PD-1 (Programmed cell death protein 1): PD-1 is another inhibitory receptor found on 
the surface of T cells, as well as some other immune cells. It binds to its ligands, PD-L1 
and PD-L2, which can be expressed on cancer cells and some immune cells in the 
tumor microenvironment. The interaction between PD-1 and its ligands leads to T cell 
exhaustion, a state of dysfunction that impairs the T cells' ability to effectively eliminate 
cancer cells. 

PD-L1 (Programmed cell death ligand 1): PD-L1 is the primary ligand for PD-1 and is 
often expressed on cancer cells and some immune cells within the tumor 
microenvironment. Blocking PD-L1 can disrupt the inhibitory signaling pathway mediated 
by PD-1, leading to enhanced T cell function and anti-tumor immune response. 





Immune checkpoint inhibitors: These are drugs that target immune checkpoint 
proteins, such as CTLA-4, PD-1, and PD-L1, which normally act as "brakes" on the 
immune system to prevent overactivity and damage to healthy tissues. Cancer cells 
can exploit these checkpoints to evade immune recognition and destruction. By 
blocking these checkpoint proteins, immune checkpoint inhibitors can unleash the 
immune system's full potential to attack cancer cells. Examples include 
ipilimumab (anti-CTLA-4), pembrolizumab (anti-PD-1), and atezolizumab (anti-
PD-L1).



Overall Survival



Long Term Survival



Cancer Vaccine



A cancer vaccine is a type of immunotherapy that aims to stimulate the immune 
system to recognize and destroy cancer cells. Cancer vaccines can be divided into 
two main categories: preventive vaccines and therapeutic vaccines.

Preventive vaccines: These vaccines are designed to protect against cancer-
causing viruses, such as human papillomavirus (HPV) and hepatitis B virus (HBV). 
By preventing viral infections, these vaccines indirectly reduce the risk of 
developing cancers associated with these viruses, such as cervical cancer (HPV) 
and liver cancer (HBV). Examples of preventive cancer vaccines include Gardasil 
and Cervarix for HPV, and the hepatitis B vaccine.

Therapeutic vaccines: These vaccines are designed to treat existing cancers by 
stimulating the immune system to recognize and attack cancer cells. Therapeutic 
cancer vaccines usually target specific tumor-associated antigens (TAAs), which 
are proteins expressed by cancer cells but not (or rarely) by normal cells. By 
targeting these antigens, the vaccine aims to train the immune system to recognize 
and eliminate cancer cells without harming healthy cells.

Cancer Vaccine



There are several types of therapeutic cancer vaccines, including:

a. Peptide-based vaccines: These vaccines contain short fragments of proteins 
(peptides) derived from TAAs to stimulate an immune response against cancer cells.
b. Tumor cell-based vaccines: These vaccines use whole cancer cells or parts of 
cancer cells to provoke an immune response. The cells can be taken from the 
patient's own tumor (autologous) or from another individual (allogeneic).
c. Dendritic cell-based vaccines: These vaccines use dendritic cells, which are 
potent antigen-presenting cells that can activate the immune system. Dendritic cells 
are loaded with TAAs and then reintroduced into the patient to stimulate a targeted 
immune response against cancer cells.
d. DNA/RNA-based vaccines: These vaccines use genetic material (DNA or RNA) 
encoding TAAs to stimulate the production of the target antigens in the patient's own 
cells, leading to an immune response against the cancer cells.

One example of an FDA-approved therapeutic cancer vaccine is sipuleucel-T 
(Provenge), a dendritic cell-based vaccine used to treat metastatic castration-
resistant prostate cancer.

Cancer Vaccine







Lipid Nanoparticle for Vaccine





Adjuvants
Adjuvants play a crucial role in the development and effectiveness of cancer vaccines. 
They are substances added to vaccines to enhance the immune response against tumor-
associated antigens (TAAs). Adjuvants work by activating and modulating the immune 
system in various ways, which can ultimately lead to a more robust and long-lasting anti-
tumor response. Some of the roles of adjuvants in cancer vaccines include:

Activation of antigen-presenting cells (APCs).
Recruitment and activation of immune cells:
Enhanced cytokine and chemokine production:
Induction of long-lasting immunity
Modulation of the immune response

Various adjuvants are used in cancer vaccines, including aluminum salts, oil-in-water 
emulsions, liposomes, and TLR agonists. The choice of adjuvant depends on the specific 
vaccine formulation and the desired immune response. Ongoing research is focused on 
developing novel adjuvants and optimizing their use in cancer vaccines to improve their 
safety and effectiveness in stimulating anti-tumor immune responses.





Neoantigen
Neoantigens are novel protein fragments or peptides that arise from somatic 
mutations within tumor cells. These mutations can result in the production of 
abnormal proteins that are not present in normal cells. Since neoantigens are 
specific to cancer cells and not found in healthy cells, they represent attractive 
targets for cancer immunotherapy.

The immune system can recognize neoantigens as foreign substances, which can 
trigger an immune response against the cancer cells expressing these neoantigens. 
T cells, a type of immune cell, can identify and target these neoantigens presented 
on the surface of cancer cells by major histocompatibility complex (MHC) molecules. 
This immune recognition can lead to the activation and expansion of T cells that are 
capable of selectively killing cancer cells while sparing healthy cells.

Neoantigens play a critical role in several cancer immunotherapy strategies, 
including:

Personalized cancer vaccines:
Adoptive T cell therapy:
T cell receptor (TCR)-engineered T cells.





(CAR) T-cell therapy



Chimeric Antigen Receptor (CAR) T-cell therapy is a type of adoptive cell therapy that 
harnesses the power of a patient's immune system to fight cancer. It involves the genetic 
engineering of a patient's T cells to express a chimeric antigen receptor (CAR) on their surface, 
which is designed to recognize and bind to a specific antigen expressed by cancer cells.

The principle behind CAR T-cell therapy can be broken down into several key steps:

T-cell collection: 
Genetic engineering: The isolated T cells are then genetically modified, typically using viral 
vectors, to express a chimeric antigen receptor (CAR) on their surface. The CAR is a synthetic 
protein that combines an extracellular antigen-binding domain, usually derived from an 
antibody, with intracellular signaling domains responsible for activating the T cell upon antigen 
recognition.

T-cell expansion:
Patient preparation
CAR T-cell infusion

The first FDA-approved CAR T-cell therapies, Kymriah (tisagenlecleucel) and Yescarta
(axicabtagene ciloleucel), target the CD19 antigen, which is commonly expressed on the 
surface of B-cell malignancies.













































Gene Delivery
• Transfection- the delivery of foreign molecules 

such as DNA and RNA into eukaryotic cells
• Naked DNA is not suitable for in-vivo transport of 

genetic materials-> degradation by serum 
nucleases

• Ideal gene delivery system 
– Biocompatible 
– Non-immunogenic
– Stable in blood stream
– Protect DNA during transport
– Small enough to extravagate
– Cell and tissue specific



Endocytosis



Endocytic pathway in mammalian cells



Barrier to non-viral gene delivery



NLS-mediated nuclear import



Barriers to DNA Delivery









Protein Corona



The protein corona effect refers to the phenomenon that occurs when nanoparticles are 
introduced into a biological environment, such as blood or tissue fluids. Upon exposure 
to these environments, proteins and other biomolecules in the fluid can adsorb onto the 
surface of the nanoparticles, forming a layer or "corona" around them. This protein 
corona can significantly impact the physicochemical properties, biological interactions, 
and the overall fate of the nanoparticles in the body.

Altered physicochemical properties: The protein corona can change the size, shape, and 
surface charge of the nanoparticles, which may affect their stability, aggregation, and 
circulation half-life in the body.

Impact on cellular uptake and targeting: The protein corona can influence how 
nanoparticles interact with cells, as it may mask the surface ligands or functional groups 
on the nanoparticles that are intended for targeted delivery. This can lead to a reduced 
targeting efficiency and unintended uptake by other cells, including immune cells.

Immunogenicity and toxicity: The presence of a protein corona can potentially trigger an 
immune response, leading to the clearance of the nanoparticles from the body or 
causing adverse side effects. The composition of the protein corona may also influence 
the potential toxicity of the nanoparticles.

Biodistribution and clearance: The protein corona can affect the biodistribution of 
nanoparticles in the body and their subsequent clearance by altering the recognition and 
interaction of nanoparticles with various organs and tissues.



Vroman Effect



Vroman Effect



The Vroman effect, also known as the Vroman's adsorption-desorption principle, is a 
phenomenon named after Dr. Leo Vroman, who first described the process in the 
context of blood-material interactions in the 1960s. The Vroman effect refers to the 
dynamic exchange of proteins adsorbing onto and desorbing from a surface over time, 
with higher affinity proteins displacing those with lower affinities. In the context of 
nanoparticles, the Vroman effect has important implications for understanding the 
protein corona that forms around nanoparticles in biological fluids.
When nanoparticles are introduced into biological fluids, they rapidly interact with 
proteins and other biomolecules present in the fluid. Initially, high-abundance proteins 
with relatively low affinity for the nanoparticle surface may adsorb quickly due to their 
higher concentration. However, over time, these proteins can be replaced by lower-
abundance proteins that have higher affinity for the nanoparticle surface. This dynamic 
exchange of proteins can lead to changes in the composition of the protein corona over 
time.

Cellular uptake and targeting: Changes in the protein corona composition can affect 
the targeting efficiency and cellular uptake of nanoparticles, potentially leading to off-
target effects and unintended interactions with immune cells.
Immunogenicity and toxicity: The Vroman effect can influence the immunogenicity 
and potential toxicity of nanoparticles, as different proteins in the corona can trigger 
immune responses or cause adverse side effects.
Biodistribution and clearance: The dynamic nature of the protein corona can affect 
the biodistribution of nanoparticles in the body and their subsequent clearance by 
altering the recognition and interaction of nanoparticles with various organs and tissues.
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Liposome



Cationic Lipids



Lipid Nanoparticle for Vaccine
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