DRUG TARGETING
Focusing drug actions at target tissue
sites
20.380 S10 workshop

What is drug targeting?

Reprinted by permission from Macmillan Publishers Ltd: Nature Medicine.
Source: Wickham, Thomas J. "Ligand-Directed Targeting of Genes to
the Site of Disease." Nature Medicine 9 (2003). © 2003.

(Wickham, 2003)
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Motivation for drug targeting: General
•Many drugs are toxic if delivered systemically:
•Nonspecific radio/chemotherapeutic drugs
•Top 6 chemotherapeutics nonspecifically kill
proliferating cells
•…thus lower doses used
•…in cancer, tumor has time to mutate, leading
to development of drug resistant tumors
•Protein drugs may act specifically on many tissues
distal to target tissue
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Major approaches for targeted delivery
1) receptor-ligand targeting

2) Pre-targeting

3) Antibody-based targeting

4) “Reverse” targeting
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Issues to consider:
•

Where is the target molecule expressed?
• Is it expressed by normal tissues?
• Is it stably expressed?
• Can select out evasive tumor cells/viruses

•

What is the affinity of binding?

•

immune response to targeting agent
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(1) Receptor-ligand mediated targeting
Cytotoxic drugs

AraC
Doxorubicin

Anti-tumor cytokines

Interleukin-2
Interleukin-12

Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Cancer. Source: Allen, Theresa M.
"Ligand-Targeted Therapeutics in Anticancer Therapy." Nature Reviews Cancer 2 (2002). © 2002.

Targeting agents may bring cargo to specific cell type or just localize the cargo
at the tissue area
Example approach: receptor-ligand-mediated targeting to vasculature at sites of
inflammation
Mimicking lymphocyte responses to
inflammation:

Figure removed due to copyright restrictions.
See Figure 1 from Hogg, Nancy et al. "T-Cell Integrins:
More Than Just Sticking Points." Journal of Cell Science 116 (2003).
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Example approaches: receptor-ligand-mediated targeting to
vasculature

Diagram of mimicking lymphocyte responses to
inflammation removed due to copyright restrictions.

(2) Pre-targeting drug delivery with bispecific antibodies

Figure showing schematic of three-step pretargeting radioimmunotherapy
from Drugs of the Future journal removed due to copyright restrictions.
See Figure 2 in Lam, L. X. Liu, and Y. Cao. "Pretargeted Radioimmunotherapy,
A Potential Cancer Treatment." Drugs of the Future 28, no. 2 (2003).

(Cao and Lam, 2003)
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(3) Antibody-based targeting
General structure of IgA , IgE, IgD, IgG:

Figure removed due to copyright restrictions.
See Figure 2 from Kalsi, Jatinderpal et al.
"Structure–Function Analysis and the Molecular
Origins of Anti-DNA Antibodies in Systemic Lupus
Erythematosus." Expert Reviews in Molecular
Medicine 1, no. 7 (1999).

Fc receptor

~5 nm

FAb/FAb’

macrophage

-SH
Copyright © Cambridge University Press 1999. Source: Kalsi, Jatinderpal, et al.
"Structure–Function Analysis and the Molecular Origins of Anti-DNA Antibodies in
Systemic Iupus Erythematosus." Expert Reviews in Molecular Medicine 1, no. 7 (1999).
Used with permission.
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Generation of monoclonal antibodies against selected molecular
targets

Figure showing the standard procedure for development of
monoclonal antibodies removed due to copyright restrictions.
See Figure 4-12 from "Immunology: Understanding the
ImmuneSystem" by Klaus D. Elgert (1996).

(Elgert 1996)

11

Synthesizing antibodies which avoid recognition by the immune
system

(Allen 2002)
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Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews
Cancer. Source: Allen, Theresa M. "Ligand-Targeted Therapeutics in
Anticancer Therapy." Nature Reviews Cancer 2 (2002). © 2002.

Strategies for conjugation of antibodies to biomaterials

Figures showing pepsin and papain enzyme digestion
of antibodies removed due to copyright restrictions.
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Role of nanoparticle carriers in promoting multivalent
interactions with targets

Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Drug
Discovery. Source: Davis, Mark E., Zhuo (Georgia) Chen, and Dong M. Shin.
(Davis et al. Nat. Rev. Drug Disc. 7 771-782 2008) "Nanoparticle Therapeutics: An Emerging Treatment Modality for Cancer."
Nature Reviews Drug Discovery 7 (2008). © 2008.

(4) ‘Reverse targeting’ to mimic
infection site recruitment

Infection site
2) Antigen
loading and
activation

1) Attraction to sites of infection

Infected cells

1) Chemotaxis:
Migration ‘up’ concentration
gradients of chemoattractantLecture 23 Spring 2006

3) Trafficking
to lymph
nodes
4) Activation of
naïve T cells in
the lymph nodes
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chemoattractant-loaded
polymer rod implants:

Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Drug Discovery.
Source: Kumamoto, Tadashi, et al. "Induction of Tumor-Specific Protective Immunity
by in Situ Langerhans Cell Vaccine." Nature Biotechnology 20 (2002). © 2002.

Kumamoto et al, Nat. Biotech. 20, 64-69 (2002)

Electron micrograph images of dendritic cells and T-cells
attracted to a tissue site removed due to copyright restrictions.

IMPACT OF TARGETING IN VIVO
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PASSIVE TARGETING OF TUMORS:
Enhanced permeation and retention (EPR) effect in tumors:

20.380 drug targeting
workshop S09

ort and complement
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Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Drug
Discovery. Source: Griffith, Linda G., and Melody A. Swartz. "Capturing
Complex 3D Tissue Physiology in Vitro." Nature Reviews Molecular
Cell Biology 7 (2006). © 2006.
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Enhanced permeation and retention (EPR) effect in tumors:

(Lammers et al. Neoplasia 8 788-795 (2006))

20.380 drug targeting
workshop S09

Courtesy of Neoplasia Press. Used with permission. Source: Lammers, Twan, et al. "Effect of Intratumoral Injection on the Biodistribution
and the Therapeutic Potential of HPMA Copolymer–Based Drug Delivery Systems." Neoplasia 8, no. 10 (2006).

Results from mAb-targeting: targeting tumors

Figure removed due to copyright restrictions.
See Figure 2 from Park, John W. et al. "Anti-HER2
Immunoliposomes: Enhanced Efficacy Attributable
to Targeted Delivery." Clinical Cancer Research 8,
no. 4 (2002).

Lecture 23 Spring 2006

15

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Crommelin, Daan J.A., et al. "Nanotechnological Approaches for the
Delivery of Macromolecules." Journal of Controlled Release 87 (2003).

Results from mAb-targeting: Targeting tumors

Figures removed due to copyright restrictions. See Figures 1 and 3
from Kirpotin, Dmitri B. et al. "Antibody Targeting of Long-Circulating
Lipidic Nanoparticles Does Not Increase Tumor Localization but Does
Increase Internalization in Animal Models." Cancer Research 66 (2006).

ONE MORE IDEA, time permitting:
CELL-MEDIATED TARGETING
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lymphocyte homing to target tissue sites: the basis of adoptive
T-cell therapy for cancer
adoptive T-cell therapy

Imaging the trafﬁcking of tumor-speciﬁc Tcells following i.v. injection:

Figure removed due to copyright restrictions.
See Figure 1 from Rosenberg, Stephen A. et al.
"Adoptive Cell Transfer: A Clinical Path to Effective
Cancer Immunotherapy." Nature Reviews Cancer 8 (2008).

(Santos, Brentjens et al. Nat. Med. 15 338-344 (2009))
Reprinted by permission from Macmillan Publishers Ltd:
Nature Medicine. Source: Santos, Elmer B., et al. "Sensitive
in Vivo Imaging of T Cells Using a Membranebound Gaussia
Princeps Luciferase." Nature Medicine 15 (2009). © 2009.

Concept: Combine adoptive cell therapy with nanoparticle
delivery
lipid-coated polymer nanoparticle
drug carrier

DRUG
CARGO

Target tissue sites:
?
tumors
gut
skin
bone marrow
lymphoid organs

How to stably link nanoparticles to the surfaces of living cells?
nanoparticles

overlay

coupling to free surface thiols
T-cell

2 µm

-SH

NP

in situ PEGylation

free surface
thiols

T-Cell PLASMA MEMBRANE

Images showing nanoparticle accumulation in tumors is more effective when
carried there by T-cells have been removed due to copyright restrictions.

T-cells “armed” with particles releasing cytokine IL-15 exhibit greatly enhanced
antitumor activity

Figure showing tumor and T-cell imaging of
mice removed due to copyright restrictions.
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