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Introduction

Nanoscale is generally considered to be at a size below 0.1μm or
100 nm.

Nanoscale science (or nanoscience) studies the phenomena,
properties and responses of materials at atomic, molecular and
macromolecular scales, and in general at sizes between 1 and 100
nm.

Nanotechnology is then the design, the manipulation, the building,
the production and the application, by controlling the shape and size,
of the properties (responses) and functionality of structures, devices
and systems of the order of less than 100 nm.



Introduction

Fig. 1.1 Great developments are expected in medicine with the use of nanotechnology



Nanomaterials and Nanoparticles in Biomedical Applications

Fig. 1.2 Representative types of nanomaterials and nanoparticles: (a) Carbon nanotube,
(b) human breast cancer cells tagged with quantum dots and (c) dendrimer
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Fig. 1.3 A hypothetical application of quantum dot systems with bounded ligands

Nanomaterials and Nanoparticles in Biomedical Applications



Nanotechnology Principles and Tools in Medicine

Fig. 1.5 (a) Lab-on-a-chip, for quick test results using very small samples. A lab-on-a-chip
miniaturizes all the steps needed to process a medical sample and detect disease, (b) X-Ray
Diffractometer of the Laboratory for Thin Films – Nanosystems & Nanometrology of AUTh,
(c) plasmid DNA in buffer solution imaged with AFM semi-contact technique
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Nanotechnology and Nanomedicine: New Medical Approaches

Nanomedicine
Regenerative Medicine
“Nanorobots” and Nanodevices
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Nanotechnology and Nanomedicine: New Medical Approaches



Nanotechnology and Nanomedicine: New Medical Approaches

Molecules such as drugs targeting the area of arterial wall undergoing PTCA with stent 
implantation
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Nanotechnology and Nanomedicine: New Medical Approaches
Nanomedicine
Regenerative Medicine
“Nanorobots” and Nanodevices
Biocompatibility and Orthopaedic Implants
Nanotechnology in Cardiology
Nanotechnology Against Cancer

Fig. 1.13 (a) External magnetic field guiding the magnetic drug carriers near the tumour,
(b) surface antigen recognition by attaching the carriers to the tumour for drug release on site,
(c) electron microscopy image of magnetic nanoparticles
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Nanotechnology and Nanomedicine: New Medical Approaches
Nanotechnology Against Cancer

Triple threat: Multifunctional nanoparticles can combine tumour-seeking sensors, 
imaging agents and toxins that kill cancer cells



Nanotechnology and Nanomedicine: New Medical Approaches
Nanomedicine
Regenerative Medicine
“Nanorobots” and Nanodevices
Biocompatibility and Orthopaedic Implants
Nanotechnology in Cardiology
Nanotechnology Against Cancer
Theranostics

Medical devices for in vitro diagnostics, such as gene-, protein- or 
lab-on-a-chip devices, do not have any of the safety concerns 
associated with nanoparticles introduced into the body.



Prospects of Nanotechnology in Medicine and virtual 
Environments

 External applied surgery will require biomaterial properties to be 
controlled remotely, perhaps by self-assembly or development “in 
situ”.

 Biomaterials that can be secured to anatomic structures using less 
invasive surgical procedures.

 Improved accuracy in the placement of biomaterial devices.
 Smart implants that react to implanted biosensor.
 Implanted biomaterials will be used to control the delivery of some 

drugs and biologics.



Nanotoxicity: Possible Impact on Human Health

 Biodegradable substances are normally decomposed and their
waste products excreted by the kidneys and intestines.

 Nonbiodegradable nanoparticles have been studied and it seems
that they accumulate in certain organs, especially the liver.

 Some nanoparticles have been found to cause fatal damage to cell
membranes and mitochondria, resulting in cell death via necrosis.

 Nanoparticles can interact with DNA molecules and destroy their
integrity has appeared.

 The impact that nanostructures can have on host immune system.
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COMPLEMENT REGULATORS AND 
INHIBITORS IN HEALTH AND DISEASE



Introduction to Complement and Associated Diseases

Complement is a group of sequentially interacting proteins, many with
enzymatic activity, important in both innate and adaptive immunity.
Complement activity can be triggered by innate or adaptive
mechanisms.

Complement proteins react in a sequence after exposure to antigen–
antibody complexes on a target cell.

Complement activation may result in membrane damage and lysis of
the target cell or enhanced phagocytosis of the target cell, a process
called opsonization.



Introduction to Complement and Associated Diseases

Brock: Microorganims Figure 25.22 Complement activation
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Brock: Microorganisms Figure 25.24 Activation of the complement system

Introduction to Complement and Associated Diseases



Introduction to Complement and Associated Diseases

Fig. 2.1 General overview of the complement cascade



Introduction to Complement and Associated Diseases

Complement Regulation

 The serpin C1 esterase inhibitor (C1-INH) blocks the C1 complex
and also the LP proteases MASP-1 and MASP-2.

 Most regulators function at the level of the C3 convertases by
stimulating their dissociation (decay acceleration activity) or by
promoting the proteolytic degradation of C3b into iC3b by the serine
protease factor I (co-factor activity).



Introduction to Complement and Associated Diseases

Complement Regulation

Factor H (fH) is the major AP regulator and exhibits both decay and co-
factor activity for both C3bBb and C3(H20)Bb C3 convertases.
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Introduction to Complement and Associated Diseases

Complement Regulation

 C4b-binding protein (C4BP) is a large plasma-circulating
glycoprotein.

 The major form of C4BP consists of seven identical α chains and
one β chain, both consisting of CCP domains.

 Each α chain contains a binding site for C4b. Once bound to C4BP,
C4b serves as a substrate for factor I.

 C4BP can also act as cofactor in factor I-mediated proteolysis of
C3b.



Introduction to Complement and Associated Diseases

Complement Regulation

Another important complement regulator is complement receptor 1 (
CR1). It is a type 1 transmembrane protein composed of numerous
CCP domains.

CR1 can bind to both C3b and C4b with high affinity and to iC3b and
C3d(g) with somewhat lower affinity.

Both CP and AP C3 and C5 convertases are inhibited by CR1 via its
decay-accelerating activity. It also serves as cofactor for factor I-
mediated degradation of C3b and C4b.



 Three proteins not based on CCP domains function as MAC
assembly inhibitors.

 Vitronectin (S-protein) binds to C5b-7 through the C5b-7 membrane-
binding site and the resulting SC5b-7 complex associates with C8
and three molecules of C9 to form the 1 MDa soluble SC5b-9
complex.

 Clusterin (also called SP-40,40 or apoliporotein J) which impedes
C5b-7 membrane association and the addition of C9 to C5b-8 and
C5b-9.

 The third inhibitor of MAC assembly, CD59, is a 20 kDa, GPI-
anchored and heavily glycosylated protein widely expressed on
almost all tissues and circulating cells.

Introduction to Complement and Associated Diseases

Complement Regulation



Introduction to Complement and Associated Diseases

Complement-related Diseases

 The most frequent cause of blindness (50 %) affecting elderly
persons is agerelated macular degeneration ( AMD) with more than
30 million people affected worldwide.

 AMD causes significant changes in the retinal anatomy and
deposition of drusen. This can develop into either neovascular/wet
AMD with invasion of blood vessels into the retina or dry AMD with
constriction of blood vessels, photoreceptor degeneration, and
geographic atrophy.

 AMD is strongly correlated with insuffi cient control of the AP caused
by mutations in fH, C3, and fI but also in other complement proteins.



Introduction to Complement and Associated Diseases

Complement-related Diseases

Sepsis is a systemic infl ammatory condition established by infectious
agents, which leads to an excessive immune response resulting in
host damage.

A ‘cytokine storm’ occurs and together with intravascular coagulation
triggers multi- organ failure.

The two C5a receptors C5aR and C5L2 have been implicated in the
pathogenesis of sepsis by contributing to the cytokine storm and
suppression of the oxidative burst in neutrophils, thereby, hampering
the elimination of the infectious agent.



Introduction to Complement and Associated Diseases

Complement-related Diseases

 Ischemia–reperfusion (I/R) injuries are caused by a reduction of
blood flow to tissues and organs followed by re-establishment of the
blood flow during which there is an accumulation of leukocytes in the
vascular epithelium, upregulation of vascular pro-inflammatory
molecules and reactive oxygen species.

 I/R damage occurs during kidney transplantation, and locally-
produced complement proteins are the important mediators of
damage in this case.
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Introduction to Complement and Associated Diseases

Complement-related Diseases

 Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory
condition conferring synovial joint damage.

 C5 is likely to play a pivotal role in complement-mediated tissue
damage within RA.

 Signaling of C5a through C5aR and C5L2 is believed to play a
significant role in the pathogenesis of RA and vaccination with a
C5a-fusion protein reduced arthritis severity and incidence in a
mouse model



Introduction to Complement and Associated Diseases

Complement-related Diseases

 In humans the terminal pathway and MAC formation is an important
contributor to pathophysiology in paroxysmal nocturnal
hemoglobinuria (PNH) , paroxysmal cold hemoglobinuria, and
atypical hemolytic urelytic syndrome (aHUS).

 PNH is caused by a PIGA gene mutation in haemopoietic stem cells
resulting in deficiency of all GPI-anchored proteins on progeny cells
including CD59 and DAF.

 In PNH patients up to 90 % of erythrocytes are lysed by MAC
assembly resulting in anemia, intravascular hemolysis, and
thrombosis.



Introduction to Complement and Associated Diseases

Complement-related Diseases

 Asthma is a chronic airway disease characterized by infl ammation
of the upper respiratory tract, reversible airway obstruction, mucus
cell hyperplasia and airway hyperresponsiveness (AHR).

 These outcomes are mediated by a T helper type 2 (Th2) polarized
immune response, and the anaphylatoxins C3a and C5a have been
implicated in both the sensitizing and the effector phases of the
disease by regulating the adaptive immune response to allergens.



Introduction to Complement and Associated Diseases

Inhibitors Targeting Complement



Introduction to Complement and Associated Diseases

Agents Targeting Complement
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Introduction to Complement and Associated Diseases

Agents Targeting Complement



Introduction to Complement and Associated Diseases
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COMPLEMENT SENSING
OF NANOPARTICLES AND CONSEQUENCES



The Complement System

Complement Initiating Molecules in Nanoparticle-
Mediated Complement Activation

 The classical pathway activation occurs when the globular head
regions of C1q binds either directly to polyanionic surfaces or
particulate materials that have become coated with immunoglobulins
or C-reactive protein.
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The Complement System
Complement Initiating Molecules in Nanoparticle-Mediated 
Complement Activation



The Complement System
Complement Initiating Molecules in Nanoparticle-Mediated 
Complement Activation



 Initiation of the alternative pathway activation requires the presence
of preformed C3b. It is the internal thioester bond in the α-chain of
C3b, which undergoes a nucleophilic attack in the presence of a
foreign surface structure rich in nucleophilic groups.

The Complement System

Complement Initiating Molecules in Nanoparticle-
Mediated Complement Activation



The Complement System

Complement Initiating Molecules in Nanoparticle-
Mediated Complement Activation
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The Complement System

Consequences of Nanoparticle-Mediated Complement
Activation and Fixation

Complement opsonisation and subsequent macrophage recognition
of particulate drug carriers offers an unprecedented opportunity for
intravenous delivery of therapeutic agents and immunomodulators to
phagocytic cells in the liver (Kupffer cells) and the spleen.

Some studies have now confirmed that stealth nanoparticles such as
PEGylated liposomes and polymeric nanospheres although fixing
complement, still show considerable resistance to macrophage
phagocytosis.



The Complement System

Consequences of Nanoparticle-Mediated Complement Activation and 
Fixation
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The Complement System

Consequences of Nanoparticle-Mediated Complement Activation and 
Fixation

A role for CRIg in binding and phagocytosis of 
C3-opsonized pathogens.



The Complement System

Consequences of Nanoparticle-Mediated Complement
Activation and Fixation

 Complement activation can significantly affect the integrity of certain
classes of drug carriers in the blood.

 Nanoparticles have been used as immune potentiators or adjuvants
triggering elements of innate immunity that subsequently assist the
generation of potent and persistent adaptive immune responses.

 Most of these efforts are being directed to enhance the
immunogenicity of subunit vaccines through both antigen protection
and targeting to antigen-presenting cells as well as
immunostimulation.



The Complement System

Nanoparticle-Mediated Infusion-Related Adverse Reactions

Acute allergic-like reactions with haemodynamic, respiratory,
cardiovascular, cutaneous and gastrointestinal manifestations, which
are not initiated or mediated by preexisting IgE antibodies, have been
reported to occur in approximately 45 % of individuals within a few
minutes of infusion of nanomedicines (e.g., liposomal drugs such as
Abelcet ® , Ambisome ® , DaunoXome ® , Doxil ® , Myocet ® and
Visudyne ® ; micelle-solubilized drugs such as Taxol ® , Taxotere ® and
Vumon ® ) and diagnostic nanoparticles (e.g., dextran-coated iron oxide
nanocrystals such as Feridex ® and Combidex ® )



The Complement System

Nanoparticle-Mediated Infusion-Related Adverse Reactions



The Complement System

Nanoparticle-Mediated Infusion-Related Adverse Reactions
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The Complement System

Nanoparticle-Mediated Infusion-Related Adverse Reactions



The Complement System

The Complement activation-related pseudoallergy cascade. 

Nanoparticle-Mediated Infusion-Related Adverse Reactions
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The latter consists of 3 rate-limiting processes:
(1) Activation of the C system
(2) Stimulation of blood cells and allergy mediating secretory cells by

anaphylatoxins
(3) Triggering the various responses of effector cells (WBC, platelets,

endothelial cells and smooth muscle cells) either by the
anaphylatoxins, directly, or via multiple allergomedins released by
the allergy-mediating secretory cells

The Complement System

Nanoparticle-Mediated Infusion-Related Adverse Reactions



The Complement System

Nanoparticle-Mediated Infusion-Related Adverse Reactions

The vicious cycle of physiological changes in CARPA. 



The Complement System

The double hit theory of Doxil-induced CARPA in pigs 

Nanoparticle-Mediated Infusion-Related Adverse Reactions
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The Complement System

Nanoparticle-Mediated Infusion-Related Adverse Reactions
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The Complement System

Nanoparticle-Mediated Tumour Growth

Tumour growth was more signifi cant with nanoparticles capable of
directly enhancing the alternative pathway turnover of the
complement system compared with nanoparticles that triggered
complement predominantly through the lectin pathway.

These observations are consistent with the findings that
concentration of local C5a within the tumour microenvironment is a
critical factor in determining tumour progression.



Schematics of systems immunology and cancer progression on
cytotoxic therapy including anti-cancer nanomedicine.

The Complement System

Nanoparticle-Mediated Tumour Growth



MICROFLUIDICS-BASED SINGLE CELL 
ANALYTICAL PLATFORMS FOR 
CHARACTERIZATION OF CANCER



The Importance of Single Cell Analyses for Cancer 
Characterization

 The individual cancerous cells respond very differently to the same 
treatment.

 Survival of only a few cancer cells after initial systemic treatment 
may result in recurrent tumors, which may be even more aggressive 
or chemoresistant than the initial tumor. 

 Therefore, the identification of these rare cells may be imperial for 
tailoring treatment to the individual patient in the best possible way.

 Finally, when it comes to detection of cancers for diagnostic
purposes, the capture and registration of single tumor cells from the
bloodstream may prove a powerful tool.



Enrichment of Circulating Tumor Cells
What Are Circulating Tumor Cells?

Cells escaping from the primary tumor, are called circulating tumor
cells (CTCs).

The significant role of CTCs in the metastatic spread of tumor has
rendered them valuable biomarkers for both detection of the onset of
cancer metastasis and clinical evaluation of treatment outcome.

CTC isolation is typically evaluated by many factors, including the
capture efficiency (i.e. 100 % capture efficiency being isolation of all
of the CTCs in the liquid biopsy, therefore, allowing identification of
the cancer occurrence), isolation purity (i.e. 100 % isolation purity
being isolation of only the CTCs, with no other cell types), isolation
speed and the required sample volume.



Enrichment of Circulating Tumor Cells
What Are Circulating Tumor Cells?



Enrichment of Circulating Tumor Cells
Microfluidics Based CTC Enrichment

 Microfluidics based CTC enrichment has garnered considerable
attention, due to the matching length scale of microfluidic channels
to the cell sizes.

 The micron-sized geometric features used in microfl uidics greatly
reduce the sample consumption. To date, microfluidics-based CTC
enrichment has shown great promise by identification of CTCs in
close to 99 % of patients, while requiring very minute sample size of
10 μl



Enrichment of Circulating Tumor Cells
Microfluidics Based CTC Enrichment

Typical design of the CTC-Chip



Enrichment of Circulating Tumor Cells
Microfluidics Based CTC Enrichment

The Herringbone (HB)-Chip



Nanoscaled Molecular Techniques for Analysis of Single Cells
Single Cell Genome Analysis for Cancer Characterization

Overview of how microfluidic systems may assist in single cell analysis
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Nanoscaled Molecular Techniques for Analysis of Single Cells
Single Cell Genome Analysis for Cancer Characterization

Single-cell mRNA isolation and cDNA synthesis
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Nanoscaled Molecular Techniques for Analysis of Single Cells
Single Cell Genome Analysis for Cancer Characterization



NANOTHERANOSTICS AND IN-VIVO IMAGING



Introduction

 One of the main challenges to successful treatment of disease is the
difficulty in site specific delivery.

 Targeted therapies, such as monoclonal antibodies have been
developed which take advantage of the high expression of related
proteins to selectively treat the disease and avoid off target toxicity.

 Theranostics, combine both diagnostic and therapeutic modalities
and can be used for personalized therapy.

 This includes the use of diagnostic tests including genetic testing,
histology and/or imaging which can estimate potential response,
predict safety and monitor progress of a specific therapy.



Introduction

 Advances in modern imaging technologies have provided clinicians
with the ability to actively assess in real-time the status of disease.

 High-resolution techniques such as X-ray computerized tomography
(CT) and magnetic resonance imaging (MRI) can enable anatomical
placement of tumors along with size and shape that can be
progressively measured during treatment to monitor response.

 The advanced molecular imaging techniques used in nuclear
medicine modalities such as single photon emission computerized
tomography (SPECT) and positron emission tomography (PET)
imaging, clinicians can also understand the underlying processes
effecting tumor treatment response, including metabolic state,
hypoxia or proliferation that are occurring in each tumor within an
individual.



Imaging and Theranostics

 Combining diagnostics with therapeutics in order to increase safety
and/or efficacy was first described by Funkhouser and coworkers in
2002 as theranostics.

 Successful development of theranostics has the potential of
improving the treatment of diseases such as cancer, and can
potentially lower healthcare costs and streamline regulatory approval
of targeted therapies.

 Modern advances in medical imaging have brought theranostics to a
whole new level of potential possibilities. Molecular imaging methods
such as MRI, X-ray computed tomography (CT), ultrasound, SPECT
and PET imaging are prevalent in many medical centers today and
can accurately monitor disease status.



Imaging and Theranostics
Theranostic Methods

Theranostic approaches for image based nanomaterials and their clinical benefit



Selecting the Appropriate Imaging Modality

MRI is primarily used in the clinic for anatomical imaging. MRI signals
are produced from changes in magnetic orientation from
radiofrequency pulses of aligned protons in a strong magnetic field.

However, one of the main challenges for MRI contrast agents is the
lack of sensitivity of the MRI scanner. Large amounts of contrast are
needed in order to produce a signal distinguishable from background.
This makes MRI very difficult to use quantitatively.

Although some techniques are in development to improve
quantitative capacity of MRI, the physical nature of sensitivity is a
large hurdle to overcome.

Magnetic Resonance Imaging



Selecting the Appropriate Imaging Modality

X-Ray Computed Tomography

 X-ray computed tomography or CT is another method in which
anatomical information is provided.

 CT uses X-ray projections that interact with high electron dense
materials through a subject in multiple planes.

 These planar images can then be reconstructed based on computer
algorithms which produce a high-resolution image of the body.

 Resolution depends on the electron density of the material and,
therefore, primarily returns high-resolution images of hard-tissues.

 The need for highly dense materials for contrast is the main limitation
for use of CT with imageguided delivery.

 Risk due to ionizing radiation from prolonged CT exposure is of
some concern.



Selecting the Appropriate Imaging Modality
Optical Imaging

 Optical imaging is based on light emitting probes which can be
detected by a camera.

 Optical imaging has been successfully used for many years for the
detection of molecular processes in in vitro assays.

 However, in vivo the challenge becomes increasingly difficult when
trying to penetrate tissues which rapidly attenuate light signals.



 A modern technique called fluorescence molecular tomography
(FMT) can measure signals from the visible to near-infrared
spectrum (500–900 nm) of fluorescent probes in multiple orientations
and use mathematical models which predict attenuation in the
subject to produce three-dimensional images of probe localization.

 FMT is currently available for small animal imaging research, but
clinical translation is yet to be viable. The tissue penetration in a
human subject is more difficult. Therefore, FMT and other optical
imaging techniques remain at the preclinical level.

Selecting the Appropriate Imaging Modality
Optical Imaging
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Selecting the Appropriate Imaging Modality
Ultrasound

 Ultrasound is probably the most cost effective and safe imaging
modality available in the clinic today.

 Ultrasound utilizes high-intensity ultrasonic waves mechanically
produced from a transducer.

 The sound waves then reflect or scatter from different tissues which
can be detected by the transducer and converted into images.

 One advantage that ultrasound has is actual real-time imaging.
Images are returned within seconds and, therefore, provide the
highest temporal resolution available among the different modalities.

 Temporal resolution is a term describing the ability to distinguish
between individual events.



Selecting the Appropriate Imaging Modality
Ultrasound

 Contrast agents for ultrasound are limited to gas bubbles which have
specific properties that resonate in the 1–20 MHz frequency range,
producing highly specific signals that can be recognized by the
ultrasound device.

 Ultrasound is limited to only microbubbles for visualizing probes and
is, therefore, relatively limited in application to theranostics.

 It also suffers from a lack of penetration and requires contact of the
device to the subject.

 Ultrasound resolution is highly dependent on the type of tissue and
its depth and is, therefore, difficult to directly compare against other
modalities.



Selecting the Appropriate Imaging Modality
Single Photon Emission Computerized Tomography

Nuclear medicine techniques such as single photon emission
computerized tomography (SPECT) detect gamma emission from
radioisotopes which are administered to a patient for purposes of
diagnosis and treatment.

SPECT is a descendent of older gamma scintigraphic methods which
were only capable of producing planar images that were not
quantifiable and had very poor resolution.

Images are also dependent on the energy of the γ-rays emitted from
the radioisotope.

Lower energy radioisotopes have more attenuation than higher
energy radioisotopes. Attenuation increases the scatter and noise
detected from the camera, thus, compromising the resolution of the
image.



Selecting the Appropriate Imaging Modality
Single Photon Emission Computerized Tomography

 SPECT is a promising modality for theranostics because it can
provide accurate information on the relative location of carriers.

 However, there is the risk of ionizing radiation exposure that limits
the amount of radioactive exposure a patient can receive.

 This has been overcome by multimodal approaches such as
combining images with both CT and MRI.

 The combined modalities can more accurately pin-point where the
carriers are accumulating and give accurate information predicting
both potential efficacy and safety of image guided constructs.

 Ideally, further development and common adoption of correction
techniques may eventually lead to more routine quantitative
capability of SPECT.



Selecting the Appropriate Imaging Modality
Positron Emission Tomography

 Positron emission tomography (PET) is another nuclear medicine
technique which has made a major impact in the field of cancer
treatment.

 PET detection is based on radionuclides emitting positrons which
interact with nearby electrons and annihilate into two antiparallel
gamma photons each with signature 511 keV energy.

 Selection of radionuclides for PET imaging is important in that it can
affect the resolution and relevance of the research study.

 PET represents the future of nuclear medicine imaging and has
already influenced the treatment of cancer profoundly. However,
costs and lack of radionuclide availability are detrimental for rapid
development of theranostics based on PET imaging .



Choosing the Appropriate Nanomaterial Carrier
Water Soluble Polymers

 Some examples of water soluble polymers that have been
extensively studied are poly(ethylene glycol) (PEG), N -(2-
hydroxypropyl)methacrylamide (HPMA) and Poly-l-glutamic acid
(PGA).

 PEG and HPMA copolymers are inherently non-degradable unless
degradable sequences

 are included within the backbone of these copolymers. However,
PGA is naturally degradable in the body.

 The main advantage of polymer carriers is the ease to control size
and afford multifunctionality. Water soluble polymers, such as those
described above, are biocompatible and have limited recognition by
the immune system.



Choosing the Appropriate Nanomaterial Carrier
Polymeric Micelles
 Micelles are constructed from a combination of hydrophobic and

hydrophilic components or segments.
 The structure is formed in aqueous solutions by selfassembly of a

hydrophobic core and hydrophilic shell.
 Hydrophobic drugs can be associated with the hydrophobic core and

improve their solubility and protect them from metabolic enzymes in
the bloodstream while associated with the nanoparticle.

 Imaging agents and targeting groups can be associated with the
hydrophilic components and allow for imaging of micelle
biodistribution within the body.

 Another advantage that micelles have is their ability to have
triggered therapeutic release based on pH change.

 Micelles however, have limited stability in the body and progressively
breakdown to the initial components.



Choosing the Appropriate Nanomaterial Carrier
Dendrimers
 Dendrimers are multibranched polymeric systems with a central

initiator core.
 Dendrimer size can be precisely controlled by successive additions of

layers of branched units.
 Dendrimers have exceptionally low polydispersity and in some cases

can be unimolecular.
 Because of their unimolecular structure, regulatory hurdles to clinical

approval can be significantly less challenging compared to other
polydisperse polymers.

 The branched structure allows for specific control of the amount and
density of functional groups on the surface of the dendrimer. This can
be utilized for surface decoration with various imaging agents,
targeting moieties and drugs.



Choosing the Appropriate Nanomaterial Carrier
Liposomes

 Liposomes are spherical lipid bilayer constructs with an aqueous core
which can contain drugs or other therapeutic agents.

 Their lipid bilayer structure mimics the biological environment of a cell
but can be made of many different materials with the majority using
phospholipids.

 Liposomes are among the most studied drug delivery systems with
many clinically approved formulations



Choosing the Appropriate Nanomaterial Carrier
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TARGETING CANCER USING NANOCARRIERS



Introduction

Nanocarrier components for targeting cancer.



Targeting

There are generally two approaches for nanocarrier-mediated systemic
drug targeting from the site of administration:
 Passive targeting to tumor tissues—via enhanced permeability

of tumor vasculature.
 Active targeting at the cellular level—to cancer cells without

affecting normal cells.



Targeting

Targeted nanocarriers-cell interactions.



Ligands

 Targeting agents that may be broadly classified as ligands include
proteins, peptides, vitamins and carbohydrates.

 One of the commonly used ligands for cancer targeting is the high
affinity vitamin folic acid (folate) since folate receptors (FRs) are
frequently overexpressed in a range of tumor cells.

 Another ligand with selectivity for cancer cells is transferrin (Tf)
protein. Tf receptors (TfR) are overexpressed on many tumor cells.

 extracellular matrices (ECM) such as heparin sulfate, chondroitin
sulfate, and hyaluronan (also called Hyaluronic Acid, or HA), are
usually responsible for the tumor’s cells communication and loss of
homeostatic control, and, thus, play an important role in the targeted
drug delivery niche.
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Antibodies
The first FDA approval for therapeutic monoclonal antibodies for the

treatment of cancer came in 1997 where rituximab (Rituxan™) was
approved for treating patients with a form of non-Hodgkin’s
lymphoma.

In 1998 Trastuzumab (Herceptin™), a humanized anti-HER2 (against
EGFR) monoclonal antibody, has been approved for the treatment of
breast cancer.

Despite the recent success of monoclonal antibodies as targeting
moieties, this class of molecule continues to exhibit important
suboptimal properties.

The biological production of monoclonal antibodies can be difficult
and unpredictable.

The performance of antibodies can vary from batch to batch, in
particular when production is scaled up.



Aptamers

 Aptamers are short single stranded DNA or RNA oligonucleotides
that have been selected in vitro from a large number of random
sequences (~10 14 –10 15 ) and have a molecular weight (10–15
kDa).

 Aptamers are derived from an in vitro iterative protocol called
systematic evolution of ligands by exponential enrichment (SELEX).

 Aptamers can be chemically synthesized at microgram or kilogram
scales, and due to their small size and similarity to endogenous
molecules, are believed to be non-immunogenic.
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Aptamers

Outline of the SELEX process



Choosing a Carrier

In choosing an appropriate nanocarrier construct, one should consider
the following criteria:
A carrier should be made from a material that is biocompatible, easily

functionalizable, and well characterized.
A nanocarrier with targeting molecules should exhibit high uptake

efficiency by the target cells unless they are required to accumulate
on the cell surface and act as site specific drug depots.

The nanocarriers should be either soluble or colloidal in aqueous
phase and exhibit an extended circulating half-life to increase the
likelihood of their effectiveness.

The nanocarriers should have a low rate of aggregation and
preferably a long shelf life.



Choosing a Carrier



Liposomes



Liposomes



Polymeric Nanoparticles

 polymeric nanoparticles for clinical applications have been attempted
using a wide variety of biodegradable polymers including: poly (lactic
acid) (PLA), poly (glycolic acid), poly (lactic co-glycolic acid), poly
(orthoesters), poly(caprolactone), poly(butyl cyanoacrylate),
polyanhydrides, and poly-N-isopropylacrylamide.

 Although polymeric nanoparticles offer great potential for targeted
drug delivery approaches, one key limitation is their polydispersity
with respect to size which may increase non-specific uptake.



Inorganic Nanoparticles

 Inorganic particles offer advantages including ease of size control,
potential functionalization to introduce targeting molecules and drugs,
and the ability to induce cell apoptosis via hyperthermia.

 ‘Nanoshells’ are composed of a core of silica and a metallic outer
layer.

 Absorbing nanoshells are suitable for hyperthermia-based
therapeutics, while scattering nanoshells are desired for imaging
applications.

 Gold nanoshells can be readily conjugated to antibodies, peptides or
aptamers for targeting tumor cells.

 Recently, a cancer therapy based on absorption of near infrared light
by gold nanoshells leading to rapid localized heating was developed.



Dendrimers
 Dendrimers are synthetic monodispersed branched macromolecules

that form a tree-like structure and their synthesis represents a
relatively new field of polymer chemistry.

 Polyamidoamine (PAMAM) dendrimers have shown great promise to
be used in biomedical applications due to:
 Ease of functionalization (conjugation with biomolecules such as

targeting molecules, imaging agents, and drugs).
 High water solubility.
 Well-defined chemical structure.
 Biocompatibility.
 Low production of toxic metabolites due to the dominance of

renal filtration as the main rout of clearance.
 The rate of clearance may be controlled by chemical

modification.



Polymer Conjugates
 A versatile group composed from both natural and synthetic

polymer conjugate molecules that can carry and efficiently deliver
drugs via covalent or non-covalent carrier-drug bonds.

 The most important features of this group that make it a sutiable
drug delivery agent, based on its triangular features of safety,
quality and efficacy.

 Peptide conjugate formulation based on pegylation using covalet or
non- covalent attachment of PEG are very common drug delivery
approach for many anti cancer drugs.

 PEGylation coupling polymer strategy has been proven as a
sucsseful and powerfull

 delivery carrier especialy in the field of protein polymers conjugates.
The PEGylation backbone enhanes the instability and short half
time besides improving therapeutic effect of the free drug.



DELIVERY OF PEPTIDES AND PROTEINS TO 
THE BRAIN USING NANO-DRUG DELIVERY 
SYSTEMS AND OTHER FORMULATIONS



Peptides and Proteins for Treatment of Brain Diseases
and Barriers for Their Use as Drugs

 Peptides and proteins can modify activity of other organs and tissues
and can be used for management of non-CNS diseases, such as
gastrointestinal, metabolic, and hormonal disorders.

 Peptides and proteins that can be used for management of CNS and
non-CNS diseases.



Peptides and Proteins for Treatment of Brain Diseases
and Barriers for Their Use as Drugs

Many peptides and proteins are clinically ineffective and cannot be
applied for management of patients with specific diseases.

This lack of efficiency stems from the pharmacokinetic limitations of
peptides and proteins; low permeability to the CNS tissue and fluids,
and high clearance (by endogenous proteases and via other
pathways) that prevent their accumulation in the CNS and render
them pharmacologically inefficient.

Permeability of drugs from the site of administration to the CNS is
limited by the blood-brain barrier (BBB) that is formed by several
types of cells and is strengthened by the tight junctions.



Peptides and Proteins for Treatment of Brain Diseases
and Barriers for Their Use as Drugs

Barriers for delivery of peptide and protein drugs to the brain



Peptides and Proteins for Treatment of Brain Diseases
and Barriers for Their Use as Drugs



Drug Delivery Systems for Enhanced Delivery of Peptide
and Protein Drugs to the Brain

Presenter
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Drug Delivery Systems for Enhanced Delivery of Peptide
and Protein Drugs to the Brain

 The most intensively investigated approaches for increased
drug/DDS permeability to the CNS are based on their decoration
with specific targeting residues.

 Use of a specific approach, or combination of approaches, does not
guarantee more efficient drug/DDS brain accumulation.

 Only in some cases the approaches are efficient enough to increase
the values of the quantitative brain delivery parameters for
peptide/protein drugs.

 Only in rare cases, brain targeting of peptide/protein drugs is
attained (i.e., increased drug accumulation in the brain, as compared
to other organs and tissues).



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Systemic Administration
Systemic parenteral administration (intravenous, subcutaneous,

intraperitoneal, etc.) is the most commonly applied way to administer
peptide/protein drugs intended for brain delivery.

Enteral administration routes, oral, buccal, rectal, etc. are usually not
applied for these drugs due to their rapid degradation in the
gastrointestinal tract that leads to low bioavailability.

The choice of the DDS type and the targeting approaches may signifi
cantly affect the systemic and local (brain) drug/DDS
pharmacokinetics and pharmacodynamics.

Following systemic administration and permeation into the
bloodstream, peptide/protein drugs and their formulations are
exposed to a plethora of processes which can interfere with their
targeting efficiency



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Systemic Administration



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Systemic Administration

 A popular strategy to block these pathways and to avoid ‘corona’
formation is drug/DDS decoration (via non-covalent adsorption or
covalent conjugation) with polyethylene glycol (PEG) residues.

 PEGylated drugs/DDSs are often referred to as ‘stealth’ formulations,
and PEGylation technology that forms ‘inert’ steric barrier on the
drug/DDSs’ surface can indeed be used to prolong their residence in
the bloodstream.

 Repeated administration of PEGylated drug/DDS can provoke
immune reactions of the host against the PEG residues, via
formation of anti-PEG IgM antibodies and complement activation,
that can increase the drug/DDS clearance and diminish its brain
accumulation.



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Intranasal Administration
Nasal administration of drugs has been increasingly applied in recent
years in an attempt to deliver drugs to the brain.
The reasons for this are:
 Relative inefficiency of drug delivery to the brain via systemic routes,
 Non-invasive nature of nasal drug administration, as compared to

the intravenous and other systemic parenteral administration routes,
 Possibility of direct drug delivery to the brain following intranasal

administration, bypassing the BBB and avoiding the gastrointestinal
and hepatic first-pass metabolism,

 Intranasal delivery may fasten the onset of action of CNS drugs,
which can be of special clinical importance for the anti-pain and anti-
migraine medications.



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Intranasal Administration

 The mechanisms of drug delivery to the brain following intranasal
administration are understood only partially. It appears that following
intranasal administration drugs/DDSs can reach the brain via several
direct and indirect pathways.

 Specifically, some drugs/DDSs can apparently reach the CNS via the
 olfactory pathway, that consists of the olfactory epithelium, olfactory

tract, anterior olfactory nucleus, piriform cortex, amygdala, and
hypothalamus.



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Intranasal Administration

Pathways of peptide and protein drug delivery to the brain following intranasal administration.
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Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Intranasal Administration



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Local Administration

 Drugs can be administered directly into the CNS via the
intracerebral, intrathecal or intracerebroventricular routes, as drug
solution or encapsulated into DDSs or specialized implants.

 Due to the invasive nature of these administration routes, and safety
concerns, clinical application of these administration techniques is
limited to delivery of selected anticancer drugs.

 Specialized approaches have been developed for brain injection of
anticancer drug solutions via different routes and implantation of
drug-eluting polymers during the brain tumor resection procedure.

 Drug-eluting polymer formulations can be designed to release the
encapsulated drug over the desired period of time, usually several
hours—up to several weeks or months, with the desired kinetics.



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Local Administration



Disposition Pathways of Peptide and Protein Drugs
Intended for Brain Delivery

Local Administration

 Local administration of peptide and protein drugs into the brain tissue
and fluids has been investigated much less extensively as compared
to that of the anticancer drugs.

 The major limitation of the local drug administration approaches is
that therapeutic drug concentrations are attained only in a close
vicinity to the drug/DDS administration site.

 The rapid drug disposition from the administration site and inefficient
exposure of the brain to the locally-administered drug poses a major
limitation for the clinical effectiveness of peptide and protein drugs.



Current Limitations in the Field of Brain Delivery
of the Peptide and Protein Drugs

Limited Targeting Efficiency

 Peptide and protein drugs do not reach efficiently the intended site of
action following administration via systemic and intranasal routes,
and are rapidly disposed from the injection or release site following
local administration into the brain.

 Development of specialized drug formulations that incorporate
specific reagents apparently can enhance the drug/DDS delivery to
the brain, elevate and prolong the exposure of different parts of the
brain to therapeutic drug concentrations, and increase brain drug
targeting efficiency.

 Rational development of such drug formulations should be based on
detailed understanding of drug disposition pathways inside and
outside the brain.



Current Limitations in the Field of Brain Delivery
of the Peptide and Protein Drugs

Heterogeneous Drug Distribution in the Brain

 The drug that permeates the brain following systemic or intranasal
administration, or that is locally administered into the brain, is
exposed to complex disposition processes that lead to
heterogeneous drug distribution in different parts of the brain.

 The drug can subsequently permeate into other parts of the brain by
simple diffusion and according to the directions of convection of the
interstitial fluid and of the CSF flow.

 Brain drug delivery strategies should preferably take into account the
threedimensional structure of the brain, the directions of CSF flow
and of the convection- mediated drug/DDS disposition pathways in
the brain.



Current Limitations in the Field of Brain Delivery
of the Peptide and Protein Drugs

Toxicity Risks
Drugs and DDS components can exert toxic effects on the

physiological barriers.
The BBB and B-CSF-B barriers function can be compromised by

specific formulation components and treatments (permeation
enhancers, hyperosmolar agents, efflux pumps inhibitors, ultrasound,
etc.). These alterations in brain barrier functions can lead to
permeation of undesired compounds into the brain and subsequent
alterations of brain function or/and toxicity.

Duration and consequences of these alterations in brain barrier
permeability should be determined for the individual drugs/DDSs to
pave the way for their safe clinical application.

Specific markers (e.g., methylene blue) or imaging approaches can
be applied in preclinical and clinical settings.



POLYMER-BASED DNA DELIVERY SYSTEMS
FOR CANCER IMMUNOTHERAPY



Introduction
Cancer Immunotherapy

Immunotherapy includes the investigation of different mechanisms
leading to activation of the immune response, and the development
of methods to control such responses in a desired manner so as to
combat disease, either as a single strategy or in combination with
other treatments.

In the specific case of cancer immunotherapy, it is speculated that the
in vivo activity of endogenous immune cells would be far more
sensitive and specific than would any exogenous treatment.



Introduction
Cancer Immunotherapy

 Anti-cancer vaccines have, thus been designed to induce both
tumorspecific effector T cells and tumor-specific memory T-cells.

 A major requirement for an effi cient anti-cancer vaccination is the
generation of a cytotoxic T-lymphocyte (CTL) response, but
manipulation of the other arms of the immune response, mainly CD4
+ T helper cells, is critical for a robust and long lasting CTL response.

 CTL response generation depends on antigen (Ag) presentation on
MHC to naïve DC8 + T cells.
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Dendritic Cells
Dendritic Cell Biology

DCs are a family of professional APCs. They are equipped with
specialized machinery that enables them to regulate the initiation of a
primary immune response.

Originally derived from bone marrow, DCs are seeded in all tissues,
where they sample their environment in an attempt to detect tissue
damage, pathogen entry, inflammation and malignantly transformed
cells by taking up particles and molecules, processing them into short
peptides and presenting the resulting peptides on MHC molecules.

DCs use different routes to capture Ags, including phagocytosis,
micro- and macropinocytosis, and receptor-mediated endocytosis.

Importantly, receptor-mediated endocytosis can be exploited for the
targeting of TAAs into DCs.



Dendritic Cells
Dendritic Cell Biology

 Immature DCs in peripheral tissues are characterized by high Ag
capture activity, low surface MHC levels and co-stimulatory
molecules, as well as a tendency to induce tolerance to self-antigens.

 DCs undergo a maturation process characterized by a reduction of
Ag capture activity and an increase of MHC and co-stimulatory
molecule expression on the cell surface.

 Mature DCs migrate to adjacent lymph nodes, where they present
antigenic peptides to naïve T-cells.



Dendritic Cells
Antigen Presentation Pathways in Dendritic Cells

MHC class I processing and presentation pathway

Presenter
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Dendritic Cells
Antigen Presentation Pathways in Dendritic Cells

MHC class II processing and presentation pathway.

Presenter
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Dendritic Cells
Antigen Presentation Pathways in Dendritic Cells
Cross-Presentation
 Many pathogens can impair antigen presentation by their host cells,

an alternative mechanism must exist that would enable APCs to
generate a cytotoxic T-cell response against the various exogenous
threats they encounter.

 Such a pathway indeed exists and is a unique property of DCs. In
addition to the MHC class I and MHC class II antigen presentation
pathways,

 DCs can present exogenous antigens on MHC class I molecules to
CD8 + T-cells.

 This pathway is termed cross- presentation, implying that it involves
mechanisms from both the MHC class I and the MHC class II
pathways.

Presenter
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Dendritic Cells
The Role of DCs in Anti-Tumor CTL-Response Generation

 Anti-cancer immunity requires the generation of a specific anti-tumor
CTL response that requires proper antigen presentation.

 As part of the many techniques tumor cells use to avoid or weaken
the immune system, they can substantially reduce the expression of
MHC class I/peptide complexes on their cell surface.

 Since tumor cells are, thus, poor Ag-presenting cells, cross-
presentation of tumor antigens by DCs is essential for the generation
of tumor-specific CTL responses.



Dendritic Cell-Based Cancer Vaccination
DC Immunization

 DC immunization requires that an appropriate antigen be presented
to DCs in a proper manner and in the right immune context so as to
allow Ag uptake, processing and presentation on MHC molecules,
parallel to DC maturation and T-cell priming.

 The first method developed for DC immunization involved the use of
whole tumor cells (WTC) or tumor cell lysates, either alone, mixed
with an adjuvant, or genetically modified to express an adjuvant.

 The major advantage of this method is that no Ag identification is
required, and multiple Ags are being delivered simultaneously.

Presenter
Presentation Notes
all WTC vaccine methods showed limited efficiency in clinical trials, probably due to insufficient interaction between the tumor antigens and the DCs



Dendritic Cell-Based Cancer Vaccination
DNA Vaccines

 DNA vaccines are DCs that were genetically modified to express
TAAs.

 DNA vaccines are advantageous for several reasons. They enable the
presentation of multiple epitopes of full-length TAAs on MHC class I
and class II molecules, and since processing occurs within the cell,
they are not HLA-restricted.

 Efficient gene transfer allows for a continuous supply of peptides in the
modified DC.

 Ex vivo gene delivery carries substantial limitations. The process is
laborious, costly and time-consuming.



Dendritic Cell-Based Cancer Vaccination
In Vivo Gene Delivery

 In vivo gene carriers must meet important requirements.
 First, they should be able to incorporate their plasmid DNA cargo

into the core of the nanoparticle and be stable enough to carry
such cargo in the circulation and protect it from degradation.

 Second, they should be able to selectively target the desired cell
type and be properly internalized.

 Third, they must facilitate escape from the endosome, cytoplasm
trafficking, nuclear transport and DNA unpacking.



Dendritic Cell-Based Cancer Vaccination
In Vivo Gene Delivery

The most efficient gene delivery systems are viral vectors. Using
small amounts of DNA, viral vectors can induce high transfection
efficiency and stable, long-term gene expression.

Unfortunately, viral vectors possess some serious safety issues,
including toxicity, immunogenicity and oncogenicity, with numerous
clinical trials having been terminated because of this.

Restricted gene size is another major limitation of viral vectors.
Synthetic vectors correspond to cationic lipids or cationic polymers,
respectively termed lipoplexes or polyplexes, which electrostatically
bind the negatively charged DNA.



Polymer-Based Systems for DC-Targeted Gene Delivery
Poly( L -Lysine)
Poly( L -lysine) (PLL) was the fi rst cationic polymer developed for

gene delivery. PLL is a linear polypeptide presenting L -lysine
residues in repeat units.

This fi rst generation cationic polymer bears ɛ-amino groups that
electrostatically bind the negatively charged nucleic acids, and
interact with the negatively charged cell membrane.

The large number of active functional amine groups allows for easy
modification with targeting ligands.



Polymer-Based Systems for DC-Targeted Gene Delivery
Poly( L -Lysine)

The transfection efficiency of PLL is very low because it cannot 
mediate escape from the endosomal compartment and release into 
the cytosol. 

PLL is usually used in combination with chloroquine, although use of 
this agent is limited due to its cytotoxicity.

PLL polyplexes is that transfection efficiency is significantly 
influenced by serum, probably due to the rapid binding to negatively 
charged serum components.

In vivo applications of PLL polyplexes are complicated by a high level 
of cytotoxicity and lack of in vivo stability.



Polymer-Based Systems for DC-Targeted Gene Delivery
Poly(ethylenimine)

 Poly(ethylenimine) (PEI) is a second generation and one of the most
useful polycations for gene delivery.

 Linear PEI has only secondary amino groups that are almost all
protonated under physiological conditions. Branched PEI presents
not only primary and secondary amines but also tertiary amines.

 The positive charge of PEI/DNA polyplexes cause some serious
problems, including adsorption to cells and negatively charged blood
components, recognition by the immune system components,
resulting in rapid clearance from the circulation, and cytotoxicity to
non-target cells.



Polymer-Based Systems for DC-Targeted Gene Delivery
Poly(ethylenimine)

 To overcome these limitations, PEI has been conjugated to
hydrophilic polymers (i.e., poly(ethyleneglycol) (PEG), or hyaluronic
acid (HA)) of different molecular weights.

 PEG is wildly used in drug and gene delivery systems to shield
charged, immunogenic or toxic segments, resulting in less toxic
“stealth” particles that can evade the immune system and, thus,
avoid rapid clearance from the circulation.

 PEGylated PEI, however, showed lower transfection effi ciency, as
compared to PEI/DNA complexes, and also lacked cell-specificity.

 Ligation of PEI/DNA complexes to molecules targeting DC uptake
receptors can significantly increase transfection efficiency.



Polymer-Based Systems for DC-Targeted Gene Delivery
Chitosan
Chitosan is a linear polysaccharide obtained by deacetylation of its

parent polymer chitin, a compound that is widely distributed in nature.
Chitosan is a biodegradable and biocompatible polymer, with low or

no immunogenicity and antibacterial activity.
It was previously shown to be non-toxic in both test animals and

humans. Due to these properties, chitosan is attractive for drug and
gene delivery.



Polymer-Based Systems for DC-Targeted Gene Delivery
Chitosan

 Chitosan also possess adhesive properties by interacting with
glycoproteins in the mucus, and is thus used in muco-adhesive drug
delivery systems as an adsorption enhancer.

 DNA plasmid incorporated into chitosan nanoparticles was able to
induce DCs maturation and increase IFN-γ secretion from T cells
after pulmonary mucosal immunization.

 Unless modified, chitosan has low solubility at physiological pH,
which significantly limits its use in many applications.
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THE APPLICATION OF NANOTECHNOLOGY
FOR IMPLANT DRUG RELEASE



Introduction

 Nanotechnology plays an increasing role in improving drug release
from medical implants, thereby, improving their ability to combat
infections, modulate inflammation and promote tissue regeneration.

 Today the implantation of both donor organs and electromechanical
implants form a critical part of modern medicine.

 However, the inherent limitations to both of these types of organ and
tissue replacements have led to the development of a new research
field: Tissue Engineering (TE).

 TE combines implant materials with cells and drugs to establish
biological replacement organs.



Introduction

 Many of these problems arise from detrimental interactions between
the implant and its biological surroundings such as implant
associated infections, the immune system, and the peri-implant
tissue.

 Various strategies have been devised to address these issues such
as using different implant materials or changing surface chemistry or
topography to prevent infection or control stem cell differentiation .

 The release of drugs from implants to modulate their surroundings
has also been investigated extensively.



Introduction
Donor Organ Transplantation
 The benefits of living organ transplantation include patients receive a

living implant that is fully capable of carrying out the multitude of
functions that organs perform and that they can interact fully with the
rest of the body.

 Donor organs also have two severe limitations,
 the availability and their immunogenicity, as well as several other

issues such as the risk of transferring undetected cancer or
pathogens.

 The second major limitation is the immunosuppressive medicine
that organ recipients need to take for the rest of the life.



Introduction
Donor Organ Transplantation

There are three main reasons for the lack of donor organs.
 A donor is needed, and with the exception of kidneys and small

tissue grafts this means a recently deceased person who has
consented to donate.

 Donor organs also need to be immunologically matched to the
recipient otherwise the organ will be rejected.

 Donor organs must also have an appropriate size to fit into the
patient which is a problem when either the donor or the recipient is a
child.



Introduction
Artificial Electromechanical Implants

 The main advantage of artifi ial electromechanical organs , such as
total artificial hearts and ventricular assist devices, lies with their
availability.

 They are very useful in the cases where a suitable donor organ
cannot be found in time.

 They also behave relatively reproducibly, compared to biological
organs, even if the responses of different patients to identical
implants differ.
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Introduction
Tissue Engineering
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Presentation Notes
There are still many limitations to tissue engineering including cost, complexity,comparisons of different approaches and development of standardized best practicesthat enable studies from different groups to be compared.



Introduction
Biocompatibility

 Biocompatibility is one of the key issues in implant medicine.
 Biocompatibility has been redefined as: “biocompatibility refers to the

ability of a material to perform with an appropriate host response”.
 Biocompatibility is clearly a complex and application dependent

matter, but major determinants of biocompatibility and ultimately of
implant success are implant associated inflammation and infection, as
well as the interaction with the surrounding tissue.



Implant Drug Release and Applications
Nanotechnology, Drug Release and Implant Associated Infections

Implant associated infections



Implant Drug Release and Applications
Controlled Release of Antibiotics from Implants

 Ethylcellulose particles encapsulating the antibiotic ceftazidime,
which were encapsulated into a hydroxyapatite/polyurethane scaffold
for bone tissue engineering. The resulting scaffold released
ceftazidime and could inhibit grow of S. aureus .

 Nanosized cationic liposomes containing the antibiotic vancomycin
could be incorporated into porous nano-
hydroxyapatite/chitosan/konjac glucomannan tissue engineering
scaffolds which could then release liposomal vancomycin which
destroyed S. aureus.



Implant Drug Release and Applications
Nanotechnology, Drug Release and Implant Associated Inflammation

The foreign body response.



Implant Drug Release and Applications
Nanotechnology, Drug Release and Implant Associated Inflammation
There are two major problems with using drug release from to

modulate inflammation.
The first problem is that a certain degree of inflammatory response is

absolutely critical to the success of most implants.
The immune system controls implant associated infection, the

immune system is involved in healing.
surgical tissue damage and in the case of biodegradable implants, it

is involved in degrading and clearing the implant and remodeling the
resulting tissue to work together with the surrounding tissue.

The second problem is that the inflammatory response may last as
long as the material persists in the body.

Non-biodegradable metal or polymer implants may trigger immune
responses many years after their implantation by shedding wear
debris that activates surrounding macrophages.



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants

Drugs can be adsorbed onto the surface of a polymeric implant after that surface 
has been formed ( far left ).

Drug Adsorption



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants

Adsorption modes.

Drug Adsorption



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants

Drug Encapsulation

 Dissolving the drug in the polymer melt or solution prior to forming the
implant, the drug then becomes encapsulated as the polymer matrix
solidifies.

 The drug can tolerate the solvent or temperature used in the implant
formation process which may not be the case for labile biological
drugs, in this case a solvent/water emulsion may be used so the
drugs can be kept in a aqueous phase prior to dehydration.



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants

Drug Encapsulation by Co-Axial Electrospinning

Drugs can be incorporated onto or into electrospun polymeric implant 
the same ways as a normal polymeric implant by adsorption or 
encapsulation.

Electrospinning offers an additional mode of drug incorporation known 
as co-axial electrospinning , this method deposits a core-shell fiber 
containing an internal core phase and an outer shell phase which may 
be chemically different.



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants
Drug Release from Metal and Ceramic Implants

 Metal and ceramic implants can be coated with drugs by adsorption 
the same way as with polymeric implant.

 A solution is to coat the metal or ceramic surface with a polymeric or 
hydrogel layer encapsulating the drug.

 Achieving a uniform layer using this method is, however, not simple 
on three dimensional implants.



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants

Strategies for functionalizing metal and ceramic implants with drugs



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants

Co-Release of Multiple Drugs

 In many cases it would be beneficial to release more than one drug
from an implant.

 In some cases it could be that different drugs accomplish different
functions such as combating infection while promoting stem cell
differentiation.

 One application where the anti-cancer drug doxorubicin was co-
released with chitosan/siRNA nanoparticles from tissue engineering
scaffolds to adjacent cancer cells wherein gene silencing and cell
death was induced in lung cancer cells with the aim of their
susceptibility to the chemotherapeutic.



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants
Temporal Controlled Drug Release

 Many implant related phenomenon are time dependent.
 Implant associated infections and acute inflammation take place

immediately upon implantation.
 Fibrous encapsulation occurs weeks after implantation and wear

debris induced inflammation may not occur until years following
implantation. The same is true in stem cell differentiation in tissue
engineering where each differentiation step occurs in successions.



Implant Drug Release and Applications
Nanotechnology Strategies in the Development of Drug Releasing 
Implants
Spatial Restricted Drug Release

 Spatial restriction by nanofunctionalization is useful in the cases
where a differential response is desired in different parts of an implant.
This is relevant when complex tissue composed of multiple cell types
has to be grown.

 A strategy is to load each phase with different drugs typically loaded in
drug vehicles, these drugs can then be released in a spatially
restricted manner and induce the desired local effects.
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