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DRUG TARGETING
Getting Vaccines to Dendritic Cells

ANNOUNCEMENTS:

Last Time: DNA vaccination

Today: Targeting particles/molecules to cells
Delivering activation signals to dendritic cells in vaccines

Reading: P. Carter, ‘Improving the efficacy of antibody-based cancer 
therapies,’ Nat. Rev. Cancer 1 118 (2001)

Supplementary Reading:
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What is drug targeting?

(Wickham, 2003)

Figure removed due to copyright restrictions.
Please see: Wickham. Nature Medicine. 9, no. 1 (2003): 135.
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Motivation for drug targeting: General
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Motivation for drug targeting: Vaccines
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Approaches to targeted drug activity

1) Targeted delivery of active agent

2) Targeted activation of agent

3) ‘Reverse’ targeting
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Major approaches for targeted delivery

1) receptor-ligand targeting

2) Pre-targeting

3) Antibody-based targeting
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Example approaches: receptor-ligand-mediated targeting to 
vasculature

Mimicking lymphocyte responses to 
inflammation: (Hogg et al. J. Cell Sci. 116 4695-4705 (2003))

Figure removed due to copyright restrictions.
Please see: Figure 1 in Hogg et al. J. Cell Sci. 116 (2003): 4695-4705.
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Example approaches: receptor-ligand-mediated targeting to 
vasculature

Site of inflammation

IL-1β TNF

sialyl lewisX receptor

Therapeutic cargo

Mimicking lymphocyte responses to 
inflammation:

(D. Hammer, U. Penn.)
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Example approaches: receptor-ligand-mediated targeting to 
vasculature

Mimicking lymphocyte responses to 
inflammation:

(D. Hammer, U. Penn.)

Figure removed due to copyright restrictions. 
Please see: Figure 2 in Cao, Y and L. Lam. “Bispecific
Anitbody Conjugates in Therapeutics.” Adv Drug Delib
Rev. 55 (2003): 171-97.
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Pre-targeting drug delivery with bispecific antibodies

(Cao and Lam, 2003)

Figure removed due to copyright restrictions.  
Please see: Figure 2 in Eniola, A. O. and Hammer D. A. Biomaterials. 26 (2005): 661.
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Antibody-based targeting

-SH

FAb/FAb’

Fc

Fc receptor

macrophage

General structure of IgA, IgE, IgD, IgG:

~5 nm

Image removed due to copyright restrictions.
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Generation of monoclonal antibodies against selected molecular 
targets

(Elgert 1996)

Figure removed due to copyright restrictions.  
Please see: Figures 4-12 in Elgert, K. D. Immunology: Understanding 
the Immune System. New York: Wiley-Liss, 1996.
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Synthesizing antibodies which avoid recognition by the immune 
system

(Allen 2002)

Figure removed due to copyright restrictions.  
Please see: Figures 4-12 in Elgert, K. D. Immunology: Understanding the
Immune System. New York: Wiley-Liss, 1996.
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Strategies for conjugation of antibodies to biomaterials

(Pierce Chemical Co.)

Antibody fragmentation enzymes:

papain papain

Papain cleavage

FAb fragments

-S-S-
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Strategies for conjugation of antibodies to biomaterials

SHHS +
BB

Couple via 
streptavidin to device

-SH

Maleimide
End-group

MAL

PEG surface layer

MAL

MAL
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Results from mAb-targeting

(Crommelin et al. 2003)

(Park et al. 2002)

Graph removed due to copyright restrictions.
Please see: Park, J. W. et al. “Anti-HER2 
Immunoliposomes: Enhanced Efficacy Attributable to 
Targeted Delivery.” Clin Cancer Res. 8 (2002): 1172-81.

Figure removed due to copyright restrictions.
Please see: Figure 4 in Daan, J. A. et al. “N 
Anotechnological Approaches for the Delivery of 
Macromolecules.” J. Controlled Release. 87, 81 (2003).
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Application Cellular target Molecular
target

Targeting
ligand

Ligand type

Anti-cancer
therapy

Various tumor
cells

Neovascular
tissue

Folate receptor
EGF receptor

B-FN
(fibronectin
isoform)

Folate
EGF

anti-B-FN
antibody

Protein ligand
for target
receptor
preferentially
expressed on
target cells

antibody against
fibronectin
isoform only
expressed
during
embryonic
development
and in
aggressive
tumors

Anti-cancer
therapy,
pulmonary,
cardiovascular,
and
inflammatory
diseases

Endothelial
cells

E-selectin
P-selectin

sialyl LewisX

receptor
receptor
expressed at
sites of
inflammation

Anti-cancer
therapy
(leukemias and
B cell
lymphomas)

Transformed B
lymphocytes

CD20 Anti-CD20
antibody

Antibody
against target
cell-surface
protein unique
to target class of
cells (e.g. B
cells)

Anti-cancer
therapy (T cell
lymphomas)

Transformed T
lymphocytes

IL-2Rα
(interleukin-2
receptor a chain

Anti-IL-2Rα
antibody

Antibody
against target
cell-surface
protein not
expressed on
normal resting
cells

Cytotoxic drugs

Anti-tumor cytokines

AraC
Doxorubicin

Interleukin-2
Interleukin-12
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Table removed due to copyright restrictions.  
Please see: Table 1 in Allen, T. M. “Ligand Targeted Therapeutics in 
Anticancer Therapy.” Nat Rev Cancer 2 750-63 (2002).
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Example approaches: targeted activation of active agent

Antibody-directed enzyme prodrug
therapy (ADEPT):

TUMOR CELL
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‘Reverse targeting’
Bringing cells to the drug
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4) Activation of 
naïve T cells in 

the lymph nodes

Infection site

1) Attraction to sites of infection 

2) Antigen 
loading and 
activation

3) Trafficking 
to lymph 
nodes

Infected cells

1) Chemotaxis: 
Migration ‘up’ concentration 
gradients of chemoattractant

Targeting dendritic cells to 
vaccines: ‘Reverse targeting’ to 
mimic infection site recruitment
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Targeting dendritic cells to vaccines

Attraction of target cells to device via chemotaxis:

(Kumamoto et al. 2002)

Dendritic cells
~1-3 per 100 cells in most tissues

MIP-3β-releasing rod

Ova-releasing rod

Poly(ethylene-co-vinyl acetate) rods

Advantages relative to bolus chemoattractant injection:
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Tissue sections stained for MHC class II (expressed by antigen-presenting cells)

Images removed due to copyright restrictions.
Please see: Kumamotos, T. et al. ”Induction of Tumor-specific Protective 
Immunity by in Situ Langerhans Cell Vaccine. Nat Biotechnol 20 (2002): 64-9.
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3 mm

~1 mm

1.2 mm

collagen gel

‘Vaccination 
site’ source well
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PLGA

(X. Zhao et al., Biomaterials 2005)

Images removed due to copyright restrictions.  
Please see: X. Zhao et al.  Biomaterials 26 (2005): 5048.



Lecture 23 Spring 2006 25

Dendritic cell attraction, antigen loading, 
and activation

Antigen-delivery 
nanoparticles

chemokine

Alginate 
microsphere

DCs
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CaCl2 solution

Wash

alginate

alginate

mannuronic acid block guluronic acid block

* 

How to encapsulate multiple 
factors under mild conditions 
for ‘reverse targeting’?

Image removed due to copyright restrictions.
Please see: http://www.lsbu.ac.uk/water/hyalg.html
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Fluorescent nanoparticles Fluorescent chemokine
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Alginate microspheres loaded with:

# 
ce

lls

Antigen nanoparticles        Antigen nanoparticles
            + MIP-3α

3.9% 17.9%
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Issues in targeted delivery
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