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Best known as the birth place of…

Madeira wine

4

Portugal – Madeira Island



08/04/2019

3

5

OBJECTIVE

To give a general overview of the main points to
consider when designing a nanomaterial for tumour
targeting.

1. Expected behaviour for nanomaterials in tumour
therapy and diagnosis

2. Biological barriers to the action of nanomaterials
3. Strategies for targeting (passive vs active)
4. Precision medicine applied to nanomedicine
5. Future directions
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DRUG DELIVERY

NUCLEIC ACID DELIVERY (gene delivery, gene

silencing)

PHOTODYNAMIC THERAPY

RADIOTHERAPY

BIOIMAGING (e.g. as contrast agents)

THERMAL ABLATION (hyperthermia)

NANOMATERIALS in CANCER 
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EXPECTED BEHAVIOUR OF 
NANOMATERIALS

INCREASE EFFICACY
 ↑ drug stability
 ↑ drug solubility
 facilitate the delivery of macromolecular drugs to

intracellular sites (e.g. DNA, siRNA, proteins)
 ↑ circulating half-life of drugs/contrast agents
 overcome drug resistance
 co-delivery of multiple drugs

 Delivery of the appropriate drug ratio
 Control of the spatiotemporal exposure of each drug

 enabling sustained drug release
 enabling/facilitating transcytosis of drugs across cellular

barriers
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DECREASE SIDE-EFFECTS

 ↓ drug/contrast agent toxicity while in circulation
 Targeted delivery (tissues/cells/organelles)
 Stimulus-triggered drug release

INCREASE SENSITIVITY IN CANCER IMAGING

 visualization of sites of drug delivery (theranostics)

SOME NANOMATERIALS POSSESS INHERENT
TERAPEUTIC PROPERTIES UPON STIMULATION

(e.g. iron oxide nanoparticles under a magnetic field)

EXPECTED BEHAVIOUR OF 
NANOMATERIALS
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TARGETING IS IMPORTANT!

DEFINE THE 
TARGET

DESIGN THE 
NANOMATERIAL

UNDERSTAND 
THE BIOLOGICAL 
BARRIERS UNTIL 

THE TARGET

DEFINE THE 
DRUG/CONTRAST 

AGENT
AND

MODE OF 
ADMINISTRATION

Liquid tumour
Solid tumour

Organ
Tissue
Cell type
Organelle

Systemic (intravenous)

Local
↓ metastasis
↑ technical challenges
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 interaction with blood / blood proteins (opsonization)

 sequestration by the mononuclear phagocyte system

(MPS)

 cellular barriers (such as the vascular endothelium lining

and the blood-brain barrier (BBB))

 stromal barriers (tissue interstitium)

 cell membrane and organelle membranes

BIOLOGICAL BARRIERS 
to NANOMATERIALS ACTION
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INTERACTION WITH 
BLOOD/BLOOD PROTEINS

Premature release of the drug can occur!
(Stimuli-responsive nanomaterials may help…)

PROTEIN CORONA
 may change nanomaterials’ properties

(size, charge, shape)
 may compromise nanomaterials’ targeting capabilities

OPSONIZATION
Some plasma proteins, like immunoglobulins, complement
proteins and fibrinogen, act as a coating and facilitate the
uptake by phagocytic cells
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PRIMARILY MONOCYTES AND MACROPHAGES

Immature macrophages 
(systemic circulation)  
formed from stem cells 
in the bone marrow

Mature cells (tissues)

Kupfer cells (liver)
Reticular cells (spleen, 
lungs, lymph nodes, bone 
marrow,...)

Remove :
• Foreign organisms (protecting the organs from infection)
• Damaged cells (also cancer cells) and products of cell degradation

Differentiation

MONONUCLEAR PHAGOCYTE 
SYSTEM (MPS) 

part of the immune system and consists of phagocytic cells 

https://doi.org/10.1007/978-94-007-1248-5_6
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The opsonins:

 Bind receptors in the macrophage surface.
 Mask the negative charge of microorganisms or particles. Both the
membrane of a phagocytosing cell and its target have a negative charge
(zeta-potential), making it difficult for the two cells to come close together.

Macrophages have receptors for many opsonins:

Classical plasma opsonins Macrophage receptors

Immunoglobulins Fc

Complement factors CR1

Mannose binding lectin
Fibronectin
β2-glycoprotein 1

Mannose receptors
Antibody
(immunoglobulin)

OPSONIZATION & 
PHAGOCYTOSIS
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MONONUCLEAR PHAGOCYTE 
SYSTEM (MPS) 

Unless the target is the MPS system itself 
(e.g. to target macrophages involved in 

cancer), 
the uptake of nanomaterials by the MPS 

will limit their systemic exposure and 
therapeutic utility!

NANOMATERIALS MAY ACCUMULATE IN THE 
LYMPHATIC NODES, LIVER, SPLEEN...

Opsonization and macrophage phagocytosis depends on nanomaterial 
properties… (like size, charge, hydrophobicity, surface chemistry)

IT IS DIFFICULT TO BYPASS 

NANOMATERIAL

MACROPHAGE
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Play with the size and surface charge of the nanomaterial

 Large nanoparticles are cleared more rapidly than smaller
nanoparticles

 High anionic or cationic surface nanoparticles are cleared more rapidly
than neutral ones

The charge of the particle can be masked by the inclusion of
long, uncharged polymers at the surface (neutralization of the
zeta-potential)

HOW TO AVOID 
MPS TARGETING?

PEGylation Several plasma proteins have
been suggested as dysopsonins
(such as albumin), protecting
nanomaterials from macrophage
uptake.
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“after surveying the literature from the past 10 years, only 0.7%
(median) of the administered nanoparticle dose is found to be
delivered to a solid tumour”
Nature Reviews Materials volume 1, Article number: 16014

The MPS (such as Kupfer 
cells in liver) and renal 
system compete with the 
tumour for circulating 
nanoparticles and 
sequester and/or eliminate 
99% of the administered 
nanoparticles. 

< 5.5nm

NANOMATERIALS’ CLEARANCE 
BY THE MPS SYSTEM
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CELLULAR BARRIERS

Chem. Soc. Rev., 2015, 44, 8174-8199Blood vessels are heterogeneous! 

5–6 nm
diaphragm

0.1–1 µm
in the liver

Morphology
Biochemistry
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BLOOD-BRAIN BARRIER (BBB)

Among all the vascular cellular barriers in the body, the BBB is the most
tight and complex; its main function is to protect the brain.

The BBB possesses specific enzyme systems, glucose transporters,
protein receptors → it has a specialized mechanism of molecule exchange

BBB
FUNCTIONALIZATION OF 
NANOMATERIALS FOR 
RECEPTOR-MEDIATED 

TRANSCYTOSIS

Nature Reviews Neuroscience 2006, 7:41–53.
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STROMAL BARRIERS
(solid tumours) 

Nano Lett., 2016, 16, 3268–3277

 Size, surface charge, flexibility, binding to extracellular
macromolecules of nanomaterials, etc., are important to cross
these barriers.

 Modification of nanocarrier surfaces with enzymes that
degrade extracellular matrix may be a promising strategy
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CELL MEMBRANE AND 
ORGANELLE MEMBRANES

Receptor-mediated endocytosis
provides a selective
concentrating mechanism that
increases the efficiency of
internalization of particular
ligands

 Nanomaterials may enter
cells by multiple endocytic
pathways!

 Nanomaterials can be
functionalized with targeting
groups that are recognized by
receptors overexpressed at the
target cells

Nature Reviews Drug Discovery 2010, 9, 615-627.
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ENDO-LYSOSOMAL MEMBRANE 
BARRIER

Unless the target will be the endo-lysosomal compartment itself, endo-
lysosomal escape must occur

STRATEGIES TO ENHANCE
ENDOSOMAL ESCAPE:

Use of endosome-disruptive
agents, which avoid the fusion
of endosomes with lysosomes

 Use of pH-sensitive carriers,
which release the drug and/or
disrupt endo-lysosomes once
in an acidic environment

 Use of proton-sponge
materials

J. Biomed. Nanotechnol. 2014, 10, 50-66.
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TARGETING IS IMPORTANT!

TUMOURTUMOUR
TARGETING

ACTIVEPASSIVE

ENHANCED 
PERMEABILITY AND 
RETENTION EFFECT 

(EPR EFFECT) 

SURFACE 
FUNCTIONALIZATION

LIGAND ↔ RECEPTOR

COMPLEMENTARY MECHANISMS FOR TUMOUR TARGETING
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EPR EFFECT
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Cancer cells 
produce 

angiogenic 
signals. 

The new blood 
vessels are, 

however, 
abnormal

Tumours lack 
effective 
lymphatic 
drainage

EPR effect
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PROBLEM…

Fluid and proteins from blood tend to accumulate in tumour interstitium →
This increases the fluid pressure in the tumour → the convective transport of
fluid is slowed in the centre of the tumour → nanomaterial/drug transport can
be slowed

PRESSURE due to accumulation of fluid/proteins

SLOWER CONVECTIVE TRANSPORT
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PROBLEM…

The poor vascular organization does not reach all cancer sites and hypoxia
regions (with low oxygen content) will be established → this will activate
alternative metabolic pathways such as fermentative processes which give
rise to acidic metabolic products → a lower pH is often characteristic of solid
tumour interstitium → the cellular uptake of some nanomaterials/drugs can
be affected

O2 pH CELLULAR UPTAKE MAY
BE AFFECTED
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ACTIVE TARGETING

 Nanomaterials for active targeting are usual more complex
 Active targeted nanomaterials are localized in tumours by the EPR effect 

too (it is not an alternative strategy but a complementary one)
 Retention in the target is enhanced
 Cellular internalization is enhanced 

LIGANDS

PEPTIDES

PROTEINS 

SMALL MOLECULES (VITAMINES AND HORMONES)

CARBOHYDRATES

APTAMERS

NANOMATERIAL

LINKER
BIOLOGICAL
RECEPTOR

LIGAND
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LIGAND / RECEPTOR PAIR

1. the receptor should be readily accessible

2. the receptor must be overexpressed in the target site when compared
with non targeted places and the level of this overexpression, as well as
the rate of receptor replenishment, should be sufficiently high to ensure
the efficiency of the process

3. the ligand should have a high affinity for the receptor or, alternatively,
multiple ligands should be used to compensate the low affinity with high
avidity (the combined effect of multiple ligands). Ex: using a dendrimer
architecture

4. the ligand should show a high selectivity for the receptor, that is, should
not bind to other receptors, preferably even to its isoforms.

In certain cases, the drugs themselves can be used as ligands for targeting
Ex: Methotrexate
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LINKER

1. Hydrophilic linkers (such as PEGs, polysaccharides, etc.) are usually
preferred since they provide:
1. increased water solubility to the system
2. a camouflage to escape from the MPS system, diminish

interactions with blood proteins and reduce non specific
interactions with the cell membranes (avoiding the uptake by
receptor-negative cells)

2. Depending on its length, the linker may also confer flexibility to the
system, facilitating the interaction between the ligand and the receptor.

3. The linker should possess chemical groups that allow the conjugation
with the nanomaterial and the ligand (should be a bi-functional
molecule), being important to assure that the conjugation will not
interfere with the ligand-receptor recognition event.
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PRECISION MEDICINE 

OBSERVATION: In general, although presenting some advantages related
with pharmacokinetics and biodistribution, no marketed nanomaterials have
exhibited an overall survival benefit when directly compared with the
conventional parent drug.

Studies with animal models are not enough to predict the EPR effect in
humans.

EPR varies substantially between both patients and tumour types, and even
within the same patient or tumour type over time

PATIENTS MAY BE SELECTED FOR NANOMATERIALS’ TREATMENT

Nat Rev Cancer. 2017, 17:20-37.
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PREDICTING THE EPR EFFECT

Nat Rev Cancer. 2017, 17:20-37.

EXAMPLES:
 ratio of matrix metalloproteinase 9 

(MMP9) to tissue inhibitor of 
metalloproteinase 1 (TIMP1) in 
circulation

 Circulating biomarkers associated 
with angiogenesis, such

 as VEGFA

Recent studies…
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FUTURE DIRECTIONS

 Better understanding of the nano/bio interactions

 Development of better pre-clinical animal models

 Better understanding of the EPR effect in humans

 Development of rapid quantitative EPR-imaging in humans for pre-
selection of patients

 Target receptor profiling (by bioimaging; immune staining of biopsies)

 Use the EPR effect complemented with active targeting

 Take advantage of the natural tropism of biological entities (cells,
exosomes) to target tumours
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EXERCISES

GROUP WORK

Propose a nanomaterial for glioblastoma
treatment to be intravenously administered.

Nanomaterial for oral delivery to treat a liver
cancer.

Explain which biological barriers will be faced
and how they will be overcome.


