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Focusing drug actions at target tissue 


sites
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What is drug targeting?


2Reprinted by permission from Macmillan Publishers Ltd: Nature Medicine. (Wickham, 2003)

Source: Wickham, Thomas J. "Ligand-Directed Targeting of Genes to 

the Site of Disease." Nature Medicine 9 (2003). © 2003.




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 

3 



Major approaches for targeted delivery


1) receptor-ligand targeting 

2) Pre-targeting 

3) Antibody-based targeting 

4) “Reverse” targeting 5 



Issues to consider:


•	 Where is the target molecule expressed? 
• Is it expressed by normal tissues? 
• 

•	 What is the affinity of binding? 

immune response to targeting agent 

Is it stably expressed? 
• Can select out evasive tumor cells/viruses 

• 
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(1) Receptor-ligand mediated targeting 

AraCCytotoxic drugs Doxorubicin 

Interleukin-2Anti-tumor cytokines 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 

6 

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).



Example approaches: receptor-ligand-mediated targeting to 

vascu ature
l




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 

See Figure 2 in Lam, L. X. Liu, and Y. Cao. "Pretargeted Radioimmunotherapy, 
from Drugs of the Future journal removed due to copyright restrictions. 

A Potential Cancer Treatment." Drugs of the Future 28, no. 2 (2003). 

(Cao and Lam, 2003) 
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(3) Antibody-based targeting


-SH 

FAb/FAb’ Fc receptor 

A 

macrophage 

General structure of Ig , IgE, IgD, IgG: 

~5 nm 

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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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).



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). 

11(Elgert 1996) 



Synthesizing antibodies which avoid recognition by the immune 

system 

(Allen 2002) 20.380 drug targeting workshop 
S09 

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 

3) Trafficking 
to lymph 
nodes 

4) Activation of 
naïve T cells in 

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

Infection site 

1) Attraction to sites of infection 

2) Antigen 
loading and 
activation 

Infected cells 

infection site recruitment 
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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 
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Key to remember: vasculature is not the only barrier to 
diffusion in vivo

©!2006!Nature Publishing Group!

!

Epithelial cell

Basement
membrane

Integrin
binding

Matrix 
degradability

ECM fibre

PG: hydration,
morphogen/
chemokine
binding 

Fibre
strength

Pore size

Degree of
crosslinking

Matricellular proteins: 
adhesion/de-adhesion

Cell

Matrix 
contraction

Acinar
Pertaining to a sac-like tissue 
structure in the shape of an 
acinus, which is a polarized 
epithelial layer surrounding a 
small lumen that contains 
secretions (such as milk) from 
epithelial cells.

Proteoglycans
Extracellular matrix 
components that consist of a 
protein core and glycosamino 
side chains. They are huge 
molecules (>100 MDa) with a 
high fixed-charge density and 
are crucial to maintaining the 
fluid balance and storing 
growth factors, cytokines and 
other morphogens in the 
matrix.

Most cells, though, require cues from a truly 3D envi-
ronment to form relevant physiological tissue structures 
in vitro. Culturing cells in 3D versus 2D environments 
provides another dimension for external mechanical 
inputs and for cell adhesion, which dramatically affects 
integrin ligation, cell contraction and associated intracel-
lular signalling10,11. The 3D matrix both affects solute dif-
fusion and binds many effector proteins, such as growth 
factors and enzymes, thereby establishing tissue-scale 
solute concentration gradients, as well as local pericel-
lular gradients. Furthermore, the 3D environment might 
be necessary to model morphogenetic and remodelling 
events that occur over larger-length scales, such as epi-
thelial acinar formation, and studies of mammary12–15 and 
kidney16 epithelial-cell behaviour and morphogenesis are 
good examples of such 3D models (that is, cells seeded 
within a 3D matrix).

At a basic structural level, tissues comprise a popu-
lation of cells that interact with each other and with 
the ECM (FIG. 1). A typical epithelial tissue comprises 
two parts: a layer of tightly joined, polarized epithelial 
cells that sits on a thin basement membrane, and an 
ECM-rich stroma that contains fibroblasts, blood and 

lymphatic vessels, and immune cells. The apical surface 
of the epithelial layer forms a direct barrier against the 
external environment, or lines the surface of a duct or 
cyst that stores or carries nutrients or secretions into or 
out of the body. At the basal surface, epithelia express 
integrins and other matrix-adhesion molecules that 
link them to the basement membrane. The stroma both 
physically supports the epithelial layer and interacts 
with it through soluble signals and the ECM. The ECM 
comprises a scaffold of collagens and other structural 
proteins that is interlaced with proteoglycans, which, 
together, control the bulk and local mechanical environ-
ment, and contribute to the microenvironment through 
their own signalling moieties and their ability to bind 
growth factors, cytokines, enzymes and other diffusible 
molecules (TABLE 1).

Matrix stiffness. Cells exert stresses on their matrix dur-
ing tissue remodelling, morphogenesis and differentia-
tion, and normal physiological functioning. The matrix 
stiffness, together with the number of integrin–ligand 
bonds formed by a cell with its surroundings, dictates the 
extent to which cells can contract the matrix17, the ease 
with which they migrate through it18–21 and the degree 
of intracellular tension that they can generate, which 
allows them to form stress fibres or organize into acinar 
structures. The stiffer the matrix, the more difficult it is 
for cells to contract it, which promotes certain cell func-
tions (such as certain types of endothelial organization22) 
and inhibits others.

In breast-epithelial-cell culture, pioneering work by 
Bissell, Brugge and their co-workers implicated both 
ECM composition (the engagement of specific adhesion 
receptors) and ECM stiffness as important regulators of 
the cellular response11–14,23, providing a foundation for 
innovative new approaches to shed light on pathophysi-
ological responses15,24. Compared with culturing cells on 
plastic, on which cells are relatively undifferentiated, cell 
culture on ECM restores some mammary-specific gene 
expression. But the greatest degree of morphological 
and phenotypic similarity to the in vivo situation occurs 
within ECM gels, in which cells proliferate and form 
acini or ducts12,13,25. Attached collagen gels, which resist 
forces that are exerted by the cells, foster mammary-cell 
proliferation. Mammary morphogenesis proceeds only 
when the collagen gel is released from the substrate and 
allowed to contract, provided the gel is not too stiff (that 
is, the collagen concentration is not too high)25. Matrigel, 
a basement-membrane-like matrix that is rich in laminin, 
type IV collagen and heparan sulphate proteoglycans, 
forms more compliant (less stiff) gels than does type I 
collagen. Therefore, mixing matrigel and collagen I in 
defined proportions allows relatively constant chemical 
signals with variable stiffness over a range that is com-
parable to values that are measured in normal (soft) and 
malignant (stiff) breast tissues24. For mammary epithelia, 
increasing the gel stiffness across this range disrupts mor-
phogenesis and enhances proliferation, in part through 
fostering the phosphorylation of focal adhesion kinase 
and the formation of focal adhesions, as shown in a recent 
elegant study by Weaver and co-workers24.

Figure 1 | The importance of the 3D environment for engineering cell function. 
The composition, architecture and degree of crosslinking dictate the mechanical 
properties of the extracellular matrix (ECM) and control how mechanical forces are 
transmitted to cells. Whereas collagen fibres resist tensional forces and compaction 
by cells, proteoglycans (PGs) control hydration, which, in turn, determines the 
resistance to compressive forces, and hinders protein transport by their high, fixed-
charge density. Basement membrane, which is secreted basally by epithelial and 
endothelial cells, further hinders protein transport and increases mechanical stiffness. 
The matrix composition also controls cell adhesion and migration, and its sensitivity 
to proteolytic enzymes will determine the ability of the cell to remodel the matrix and 
migrate through it. Other nonstructural ECM proteins are important for cell function 
in vivo, such as matricellular proteins that support various intermediate states of cell 
adhesion and de-adhesion to help regulate cell migration, proliferation, apoptosis 
and differentiation128. Because many growth factors, chemokines and other 
morphogenetic and signalling proteins are secreted in matrix-binding forms, 
particularly sulphated PGs, the presence of heparin sulphate in the matrix will allow 
better cellular control of local gradients of such molecules, which can be stored in the 
matrix and later released proteolytically. Perfusion of the tissue culture will promote 
nutrient transport and can also impart mechanical stresses on the cells, as well as alter 
local biochemical gradients (FIG. 2).
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REVIEWS

Griffith and Swartz Nat. Rev. Mol. Cell Biol. 7 211 (2006)
cut-off particle size for free diffusion 
through ECM ~40-50 nm!

Exploiting lymphatic transport and complement
activation in nanoparticle vaccines
Sai T Reddy1, André J van der Vlies1, Eleonora Simeoni1, Veronique Angeli2,4, Gwendalyn J Randolph2,
Conlin P O’Neil1, Leslie K Lee1, Melody A Swartz1,3 & Jeffrey A Hubbell1,3

Antigen targeting1–5 and adjuvancy schemes6,7 that
respectively facilitate delivery of antigen to dendritic cells
and elicit their activation have been explored in vaccine
development. Here we investigate whether nanoparticles
can be used as a vaccine platform by targeting lymph node–
residing dendritic cells via interstitial flow and activating
these cells by in situ complement activation. After intradermal
injection, interstitial flow transported ultra-small nanoparticles
(25 nm) highly efficiently into lymphatic capillaries and their
draining lymph nodes, targeting half of the lymph node–
residing dendritic cells, whereas 100-nm nanoparticles
were only 10% as efficient. The surface chemistry of these
nanoparticles activated the complement cascade, generating
a danger signal in situ and potently activating dendritic
cells. Using nanoparticles conjugated to the model antigen
ovalbumin, we demonstrate generation of humoral and
cellular immunity in mice in a size- and complement-
dependent manner.

Technologies for presentation of protein or peptide antigens as
vaccines must address two fundamental issues: efficient delivery of
antigen to dendritic cells and subsequent dendritic cell activation to
trigger adaptive immunity. Strategies for antigen delivery have recently
focused on in vivo targeting of dendritic cells through the use of
monoclonal antibodies either fused with protein1,2,4 or grafted to the
surface of microparticles3. Such strategies often target peripheral
dendritic cells in skin. Antigen delivery to lymph nodes might provide
an attractive alternative, because dendritic cells are present in much
higher concentration in these lymph nodes. To initiate adaptive
immunity, adjuvants must induce dendritic cell maturation. Dendritic
cells are often matured by ‘danger signals’ that work through pathways
of innate immunity such as activation of Toll-like receptors (TLRs)
and inflammatory cytokine receptors. Whereas experimental vaccines
using danger signals have shown promise6,7, risk of toxicity, physio-
logical transport limitations and economic feasibility remain as
potentially limiting issues.
As a nanoparticulate platform for antigen delivery, we used

Pluronic-stabilized polypropylene sulfide (PPS) nanoparticles8.

These nanoparticles have a hydrophobic core of crosslinked PPS,
which degrades by becoming water soluble under oxidative conditions
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Figure 1 Ultra-small nanoparticles accumulate in lymph nodes after
intradermal injection, whereas slightly larger ones do not. (a) Fluorescence
microlymphangiography is convenient for imaging lymphatic uptake because
the lymphatic capillaries all drain in one direction, toward the base of the
tail. Shown is a co-infusion into mouse-tail skin with 100- and 25-nm
fluorescently labeled nanoparticles (100- and 25-NPs, respectively) where
the 25-NPs enter the dermal lymphatic capillary network much more
efficiently than 100-NPs do. Scale bar, 1 mm. (b) The 25-nm, but not the
100-nm, nanoparticles are visible in mouse lymph node sections 24 h after
injection. Cell nuclei shown in blue (DAPI); scale bar, 200 mm. Images in a
and b are representative of at least three independent experiments. (c) Flow
cytometry histograms show CD11c+ dendritic cells isolated from the draining
lymph nodes after intradermal co-injection of fluorescently labeled 100- and
25-NPs (black) or phosphate-buffered saline (PBS) control (gray).
Results are representative of at least three independent experiments.
(d) Calculations of the fraction of dendritic cells that have internalized
NPs after a co-injection as in c supports the hypothesis that lymph node
dendritic cells are effectively targeted after intradermal injection of smaller
but not larger nanoparticles. Values are the means from six independent
experiments; error bars correspond to s.d. *, P o 0.001.

Received 15 May; accepted 27 August; published online 16 September 2007; doi:10.1038/nbt1332

1Institute of Bioengineering, École Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland. 2Department of Gene and Cell Medicine, Mount Sinai
School of Medicine, New York, New York, 10029 USA. 3Institute of Chemical Sciences and Engineering, École Polytechnique Fédérale de Lausanne (EPFL), CH-1015
Lausanne, Switzerland. 4Present address: Department of Microbiology, Immunology Programme, National University of Singapore, Singapore 117456. Correspondence
and request for materials should be addressed to M.A.S (melody.swartz@epfl.ch) or J.A.H (jeffrey.hubbell@epfl.ch).
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(Reddy, Hubbell, Swartz et al. Nat. Biotech. 2007)

Exploiting lymphatic transport and complement
activation in nanoparticle vaccines
Sai T Reddy1, André J van der Vlies1, Eleonora Simeoni1, Veronique Angeli2,4, Gwendalyn J Randolph2,
Conlin P O’Neil1, Leslie K Lee1, Melody A Swartz1,3 & Jeffrey A Hubbell1,3

Antigen targeting1–5 and adjuvancy schemes6,7 that
respectively facilitate delivery of antigen to dendritic cells
and elicit their activation have been explored in vaccine
development. Here we investigate whether nanoparticles
can be used as a vaccine platform by targeting lymph node–
residing dendritic cells via interstitial flow and activating
these cells by in situ complement activation. After intradermal
injection, interstitial flow transported ultra-small nanoparticles
(25 nm) highly efficiently into lymphatic capillaries and their
draining lymph nodes, targeting half of the lymph node–
residing dendritic cells, whereas 100-nm nanoparticles
were only 10% as efficient. The surface chemistry of these
nanoparticles activated the complement cascade, generating
a danger signal in situ and potently activating dendritic
cells. Using nanoparticles conjugated to the model antigen
ovalbumin, we demonstrate generation of humoral and
cellular immunity in mice in a size- and complement-
dependent manner.

Technologies for presentation of protein or peptide antigens as
vaccines must address two fundamental issues: efficient delivery of
antigen to dendritic cells and subsequent dendritic cell activation to
trigger adaptive immunity. Strategies for antigen delivery have recently
focused on in vivo targeting of dendritic cells through the use of
monoclonal antibodies either fused with protein1,2,4 or grafted to the
surface of microparticles3. Such strategies often target peripheral
dendritic cells in skin. Antigen delivery to lymph nodes might provide
an attractive alternative, because dendritic cells are present in much
higher concentration in these lymph nodes. To initiate adaptive
immunity, adjuvants must induce dendritic cell maturation. Dendritic
cells are often matured by ‘danger signals’ that work through pathways
of innate immunity such as activation of Toll-like receptors (TLRs)
and inflammatory cytokine receptors. Whereas experimental vaccines
using danger signals have shown promise6,7, risk of toxicity, physio-
logical transport limitations and economic feasibility remain as
potentially limiting issues.
As a nanoparticulate platform for antigen delivery, we used

Pluronic-stabilized polypropylene sulfide (PPS) nanoparticles8.

These nanoparticles have a hydrophobic core of crosslinked PPS,
which degrades by becoming water soluble under oxidative conditions
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Figure 1 Ultra-small nanoparticles accumulate in lymph nodes after
intradermal injection, whereas slightly larger ones do not. (a) Fluorescence
microlymphangiography is convenient for imaging lymphatic uptake because
the lymphatic capillaries all drain in one direction, toward the base of the
tail. Shown is a co-infusion into mouse-tail skin with 100- and 25-nm
fluorescently labeled nanoparticles (100- and 25-NPs, respectively) where
the 25-NPs enter the dermal lymphatic capillary network much more
efficiently than 100-NPs do. Scale bar, 1 mm. (b) The 25-nm, but not the
100-nm, nanoparticles are visible in mouse lymph node sections 24 h after
injection. Cell nuclei shown in blue (DAPI); scale bar, 200 mm. Images in a
and b are representative of at least three independent experiments. (c) Flow
cytometry histograms show CD11c+ dendritic cells isolated from the draining
lymph nodes after intradermal co-injection of fluorescently labeled 100- and
25-NPs (black) or phosphate-buffered saline (PBS) control (gray).
Results are representative of at least three independent experiments.
(d) Calculations of the fraction of dendritic cells that have internalized
NPs after a co-injection as in c supports the hypothesis that lymph node
dendritic cells are effectively targeted after intradermal injection of smaller
but not larger nanoparticles. Values are the means from six independent
experiments; error bars correspond to s.d. *, P o 0.001.

Received 15 May; accepted 27 August; published online 16 September 2007; doi:10.1038/nbt1332

1Institute of Bioengineering, École Polytechnique Fédérale de Lausanne (EPFL), CH-1015 Lausanne, Switzerland. 2Department of Gene and Cell Medicine, Mount Sinai
School of Medicine, New York, New York, 10029 USA. 3Institute of Chemical Sciences and Engineering, École Polytechnique Fédérale de Lausanne (EPFL), CH-1015
Lausanne, Switzerland. 4Present address: Department of Microbiology, Immunology Programme, National University of Singapore, Singapore 117456. Correspondence
and request for materials should be addressed to M.A.S (melody.swartz@epfl.ch) or J.A.H (jeffrey.hubbell@epfl.ch).
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Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Drug Discovery. Source: Reddy, Sai T., et al. 
"Exploiting Lymphatic Transport and Complement Activation in Nanoparticle Vaccines." Nature Biotechnology 25, no. 11 (2007). © 2007.

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.



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). 
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Results from mAb-targeting: targeting tumors 

 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). 

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).

http://www.sciencedirect.com


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


26 



lymphocyte homing to target tissue sites: the basis of adoptive 

T-cell therapy for cancer


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

(Santos, Brentjens et al. Nat. Med. 15 338-344 (2009)) 

adoptive T-cell therapy

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. 

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).



Concept: Combine adoptive cell therapy with nanoparticle 

delivery


DRUG 
CARGO 

lipid-coated polymer nanoparticle 
drug carrier 

Target tissue sites: 

? 
tumors 
gut 
skin 
bone marrow 
lymphoid organs 



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


coupling to free surface thiols 
nanoparticles 

N
P

-S
H

free surface 
thiols 

T-Cell PLASMA MEMBRANE 

in situ PEGylation 

overlay 

2 µm 

T-cell 



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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