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(57) ABSTRACT 

The present invention provides compositions and systems 
for delivery of nanocarriers to cells of the immune system. 
The invention provides vaccine nanocarriers capable of 
stimulating an immune response in T cells and/or B cells, in 
Some embodiments, comprising at least one immunomodu 
latory agent, and optionally comprising at last one targeting 
moiety and optionally at least one immunostimulatory agent. 
The invention provides pharmaceutical compositions com 
prising inventive vaccine nanocarriers. The present inven 
tion provides methods of designing, manufacturing, and 
using inventive vaccine nanocarriers and pharmaceutical 
compositions thereof. The invention provides methods of 
prophylaxis and/or treatment of diseases, disorders, and 
conditions comprising administering at least one inventive 
vaccine nanocarrier to a subject in need thereof. 

17 Claims, 53 Drawing Sheets 
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VACCNENANOTECHNOLOGY 

RELATED APPLICATIONS 

This application is a continuation of U.S. application Ser. 
No. 12/681,814, entitled “Vaccine Nanotechnology”, filed 
on Apr. 28, 2010, which is a filing under 35 U.S.C. S371 of 
PCT/US2008/01 1932 filed with the U.S. Receiving Office of 
the Patent Cooperation Treaty on Oct. 12, 2008, which 
claims priority to and benefit under 35 U.S.C. S 119 of U.S. 
provisional application Ser. No. 60/979,596, filed Oct. 12, 
2007, incorporated by reference. 

STATEMENT OF GOVERNMENT SUPPORT 

This invention was made with government Support under 
Grant Nos. CA119349, AIO69259, AIO72252, EB003.647, 
HL056949 and AIO61663 awarded by the National Institutes 
of Health. The government has certain rights in the inven 
tion. 

BACKGROUND OF THE INVENTION 

Many current vaccines against microbial pathogens com 
prise live attenuated or non-virulent strains of the causative 
microorganisms. Many vaccines comprise killed or other 
wise inactivated microorganisms. Other vaccines utilize 
purified components of pathogen lysates, such as Surface 
carbohydrates or recombinant pathogen-derived proteins. 
Vaccines that utilize live attenuated or inactivated pathogens 
typically yield a vigorous immune response, but their use 
has limitations. For example, live vaccine strains can some 
times cause infectious pathologies, especially when admin 
istered to immune-compromised recipients. Moreover, 
many pathogens, particularly viruses, undergo continuous 
rapid mutations in their genome, which allow them to escape 
immune responses to antigenically distinct vaccine Strains. 

Given the difficulty of vaccine development, many vac 
cines are in extremely short Supply. For example, as of 
October 2007, there are influenza, varicella, and hepatitis A 
vaccine shortages in the United States. In some instances, 
vaccine shortages occur because not enough manufacturers 
devote their facilities to vaccine production to keep up with 
demand. In some cases, vaccine shortages are attributed to 
low potency of the vaccine, which means a large amount of 
vaccine product must be administered to each individual in 
order to achieve a prophylactic effect. For example, some 
vaccines cannot be administered as an intact organism (even 
if attenuated or killed) because they cause infectious 
pathologies. Instead, such vaccines usually comprise puri 
fied pathogen components, which typically leads to a much 
less potent immune response. 

Thus, there is a need in the art for systems and methods 
for producing highly immunogenic, effective vaccines. 
There is also a need for improved vaccine compositions that 
can potently induce long-lasting immune responses. For the 
treatment and prevention of infectious diseases, there is a 
need for improved vaccine compositions that are highly 
immunogenic but do not cause disease. 

SUMMARY OF THE INVENTION 

The present invention provides synthetic nanocarriers for 
modulating the immune system. The synthetic nanocarriers 
comprise one or more of an immunomodulatory agent, an 
immunostimulatory agent, and a targeting agent (also 
referred to herein as “targeting moiety'). The immunomudu 
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2 
latory agent induces an immune response in B and/or T cells. 
The immunostimulatory agent helps stimulate the immune 
system (in a manner that can ultimately enhance, Suppress, 
direct, or redirect an immune response). Immunostimulatory 
agents, therefore, include immune Suppressants and agents 
that induce regulatory T cells. Such agents can, in some 
embodiments, promote the acquisition of tolerance. The 
targeting agent recognizes one or more targets associated 
with a particular organ, tissue, cell, and/or Subcellular locale. 
The nanocarriers are useful in pharmaceutical preparations 
and kits for the prophylaxis and/or treatment of diseases, 
disorders, or conditions Susceptible to treatment by immune 
system modulation. Such conditions include those diseases, 
disorders, or conditions modified by enhancing the immune 
response specifically or nonspecifically, Suppressing the 
immune response specifically or nonspecifically, or direct 
ing/redirecting the immune response specifically or nonspe 
cifically. 
As will be recognized by those skilled in the art, immune 

system modulation is useful, among other things, in con 
nection with medical treatments, such as, for example, for 
prophylaxis and/or treatment of infectious disease, cancer, 
allergy, asthma (including allergic asthma), autoimmune 
disease (including rheumatoid arthritis), immune Suppres 
sion in connection with transplants to ameliorate transplant 
rejection, immunization against addictive Substances, and 
immunization against biohazards and other toxic Substances. 
Immune system modulation also is useful as a tool in 
industrial and academic research settings, such as, for 
example, to immunize an animal to produce antibodies. The 
nanocarriers of the invention can be used for all these 
purposes. 
One aspect of the invention is the provision of vaccines. 

A vaccine according to the invention typically contains an 
antigen. In one embodiment, the antigen is physically 
bound to the nanocarrier by covalent or noncovalent 
means. Noncovalently bound includes, for example, ionic 
bonding, hydrophobic bonding, physical entrapment, and 
the like, all described in greater detail below. Such nano 
carriers which themselves carry an antigen are included in 
the category referred to below as vaccine nanocarriers. In 
another embodiment, the nanocarrier has bound to it an 
immunostimulatory agent for enhancing, Suppressing, 
directing, or redirecting an immune response, preferably to 
an antigen. In this case, the antigen may be mixed with the 
preparation of agent bound nanocarrier to which the immu 
nostimulatory agent is bound form the vaccine. The antigen, 
of course may also be bound to a nanocarrier, including as 
discussed below, the same nanocarrier to which the immu 
nostimulatory agent is bound. 

It is contemplated that the antigen, in some embodiments, 
is delivered passively (e.g., where a subject is exposed 
environmentally to an allergen). In this instance, a nanocar 
rier with bound immunostimulatory agent could be admin 
istered without the antigen, the antigen being delivered 
environmentally. For example, the immunostimulatory 
agent could be an agent that redirects the immune system 
from a Th2 response to a Th1 response. In some embodi 
ments, therefore, the combination of the administered agent/ 
nanocarrier and the environmentally delivered antigen act to 
redirect the immune response away from Th2 response 
which is, generally, associated with IgE production and 
driven by the cytokine IL-4 toward a Th1 predominant 
response (which is associated with IgG production and is 
driven by IL-12 and interferon-gamma). In some embodi 
ments, the administered agent/nanocarrier and the environ 
mentally delivered antigen, therefore, reduce the presence of 
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IgE antibodies and thereby treat allergy. It also is possible to 
administer an immunostimulatory agent bound to nanocar 
riers as monotherapy even in the absence of expected 
environmental exposure to antigen, to redirect the immune 
response toward Th1 or to affect aspects of the immune 
system which can be manipulated independent of antigen 
administration, such as eosinophil infiltration. 
The preparations of the invention in many instances will 

include one or more nanocarriers. In some embodiments, the 
preparation includes a nanocarrier bound to one or more, but 
not all, of an immunomodulatory agent, an immunostimu 
latory agent, and a targeting agent. In some embodiments, 
the preparation is a mixture of nanocarriers with Subpopu 
lations carrying one or more, but not all, of an immuno 
modulatory agent, an immunostimulatory agent, and a tar 
geting agent. In some embodiments, the preparation is a 
mixture of different nanocarriers, each nanocarrier carrying 
one or more, but not all, of an immunomodulatory agent, an 
immunostimulatory agent, and a targeting agent. The prepa 
rations likewise may be one of nanocarriers, wherein each 
nanocarrier has bound to it all of an immunomodulatory 
agent, an immunostimulatory agent, and a targeting agent. In 
this instance, the nanocarriers themselves, apart from the 
agents they deliver, may be the same or different. 

Important is the discovery that the nanocarriers of the 
invention are powerful at stimulating the immune system. 
Important is the discovery that the nanocarriers can be 
fashioned to mimic, and from an immunological standpoint, 
improve on, what the immune system sees when exposed 
to antigens in nature or in prior vaccine technology. In this 
respect, it has been discovered unexpectedly that the activity 
of adjuvants can be markedly enhanced if covalently bound 
to nanocarriers. It also has been discovered unexpectedly 
that nanocarriers can help target an immunomodulatory 
agent or immunostimulatory agent to appropriate immune 
cells even without a targeting agent. 
The systems described herein permit the manipulation of 

the parameters affecting the immune system in a manner 
which results in improved immune modulation. One impor 
tant aspect of the invention is that the nanocarriers can be 
controlled in terms of size, density of agent, degree and 
location of targeting, degradation, release of agent, etc. A 
variety of aspects of the invention achieve one or more of 
these benefits, described in more detail below. In particular, 
below are described immune modulating preparations, Syn 
thetic nanocarrier components of Such preparations, specific 
and preferred nanocarriers, specific and preferred immuno 
modulatory, immunostimulatory, and targeting agents, com 
ponent parts and building blocks of nanocarriers of the 
invention, as well as methods for manufacturing Such nano 
carriers, including a preferred method involving self-as 
sembled nanocarriers. In addition, preparations and systems 
for generating robust immune modulation in connection 
with weak antigens and antigens not recognized by T cells 
(e.g., carbohydrate and Small molecule antigens) are 
described. In some aspects, a composition comprising a 
nanocarrier (e.g., one that targets a specific organ, tissue, 
cell, or subcellular locale) is provided. In some embodi 
ments, the nanocarrier targets one or more secondary lym 
phoid tissues or organs. In some embodiments, the second 
ary lympoid tissue or organ is the lymph nodes, spleen, 
Peyer's patches, appendix, or tonsils. 
The scaffold of the nanocarrier (and which the agents 

provided herein may be associated with or encapulated by) 
can be composed of polymer and/or non-polymer molecules. 
Accordingly, the nanocarrier scaffold can be protein-based, 
nucleic acid based, or carbohydrate-based. The scaffold, in 
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Some embodiments, is macromolecular. In some embodi 
ments, the scaffold is composed of amino acids or nucleic 
acids. In some embodiments, the scaffold is composed of 
crosslinking chains of molecules, such as nucleic acids. In 
some embodiments, the scaffold is composed of RNAi 
crosslinking chains. In some embodiments, the scaffold is 
polyamino-based. A nanocarrier can be, but is not limited to, 
one or a plurality of lipid-based nanoparticles, polymeric 
nanoparticles, metallic nanoparticles, Surfactant-based 
emulsions, dendrimers, and/or nanoparticles that are devel 
oped using a combination of nanomaterials such as lipid 
polymer nanoparticles. 

In some embodiments, the nanocarrier is composed of one 
or more polymers. In some embodiments, the one or more 
polymers is a water soluble, non-adhesive polymer. In some 
embodiments, polymer is polyethylene glycol (PEG) or 
polyethylene oxide (PEO). In some embodiments, the poly 
mer is polyalkylene glycol or polyalkylene oxide. In some 
embodiments, the one or more polymers is a biodegradable 
polymer. In some embodiments, the one or more polymers 
is a biocompatible polymer that is a conjugate of a water 
soluble, non-adhesive polymer and a biodegradable poly 
mer. In some embodiments, the biodegradable polymer is 
polylactic acid (PLA), poly(glycolic acid) (PGA), or poly 
(lactic acid/glycolic acid) (PLGA). In some embodiments, 
the nanocarrier is composed of PEG-PLGA polymers. 

In some embodiments, the nanocarrier is formed by 
self-assembly. Self-assembly refers to the process of the 
formation of a nanocarrier using components that will orient 
themselves in a predictable manner forming nanocarriers 
predictably and reproducably. In some embodiments, the 
nanocarriers are formed using amphiphillic biomaterials 
which orient themselves with respect to one another to form 
nanocarriers of predictable dimension, constituents, and 
placement of constituents. According to the invention, the 
amphiphillic biomaterials may have attached to them immu 
nomodulatory agents, immunostimulatory agents and/or tar 
geting agents such that when the nanocarriers self assemble, 
there is a reproducible pattern of localization and density of 
the agents on/in the nanocarrier. 

In some embodiments, the nanocarrier is a microparticle, 
nanoparticle, or picoparticle. In some embodiments, the 
microparticle, nanoparticle, or picoparticle is self-as 
sembled. 

In some embodiments, the nanocarrier has a positive Zeta 
potential. In some embodiments, the nanocarrier has a net 
positive charge at neutral pH. In some embodiments, the 
nanocarrier comprises one or more amine moieties at its 
Surface. In some embodiments, the amine moiety is a 
primary, secondary, tertiary, or quaternary amine. In some 
embodiments, the amine moiety is an aliphatic amine. In 
Some embodiments, the nanocarrier comprises an amine 
containing polymer. In some embodiments, the nanocarrier 
comprises an amine-containing lipid. In some embodiments, 
the nanocarrier comprises a protein or a peptide that is 
positively charged at neutral pH. In some embodiments, the 
nanocarrier is a latex particle. In some embodiments, the 
nanocarrier with the one or more amine moieties on its 
Surface has a net positive charge at neutral pH. 
The nanocarriers of the compositions provided herein, in 

Some embodiments, have a mean geometric diameter that is 
less than 500 nm. In some embodiments, the nanocarriers 
have mean geometric diameter that is greater than 50 nm but 
less than 500 nm. In some embodiments, the mean geomet 
ric diameter of a population of nanocarriers is about 60 nm, 
75 nm, 100 nm, 125 nm, 150 nm, 175 nm, 200 nm, 225 nm, 
250 nm, 275 nm, 300 nm, 325 nm, 350 nm, 375 nm, 400 nm, 
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425 nm, 450 nm, or 475 nm. In some embodiments, the 
mean geometric diameter is between 100-400 nm, 100-300 
nm, 100-250 nm, or 100-200 nm. In some embodiments, the 
mean geometric diameter is between 60-400 nm, 60-350 nm, 
60-300 nm, 60-250 nm, or 60-200 nm. In some embodi 
ments, the mean geometric diameter is between 75-250 nm. 
In some embodiments, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or more of the nanocarriers of a population of nano 
carriers have a diameter that is less than 500 nM. In some 
embodiments, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or more of the nanocarriers of a population of nano 
carriers have a diameter that is greater than 50 nm but less 
than 500 nm. In some embodiments, 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, or more of the nanocarriers of 
a population of nanocarriers have a diameter of about 60 nm, 
75 nm, 100 nm, 125 nm, 150 nm, 175 nm, 200 nm, 225 nm, 
250 nm, 275 nm, 300 nm, 325 nm, 350 nm, 375 nm, 400 nm, 
425 nm, 450 nm, or 475 nm. In some embodiments, 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more of the 
nanocarriers of a population of nanocarriers have a diameter 
that is between 100-400 nm, 100-300 nm, 100-250 nm, or 
100-200 nm. In some embodiments, 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, or more of the nanocarriers of 
a population of nanocarriers have a diameter that is between 
60-400 nm, 60-350 nm, 60-300 nm, 60-250 nm, or 60-200 
nm. In some of the foregoing embodiments, the nanocarriers 
are nanoparticles. 
The nanocarrier provided herein can be used to modulate 

an immune response (e.g., enhance, Suppresse, direct, or 
redirect) and comprises at least one of an immunomodula 
tory agent, an immunostimulatory agent, and a targeting 
agent. In some embodiments, the nanocarrier comprises at 
least one of a B cell antigen, a T cell antigen, an immuno 
stimulatory agent, and a targeting agent. In some embodi 
ments, the nanocarrier comprises at least two of a B cell 
antigen, a T cell antigen, an immunostimulatory agent, and 
a targeting agent. In some embodiments, the nanocarrier 
comprises at least three of a B cell antigen, a T cell antigen, 
an immunostimulatory agent, and a targeting agent. In some 
embodiments, the nanocarrier comprises all of a B cell 
antigen, a T cell antigen, an immunostimulatory agent, and 
a targeting agent. 

In some embodiments, the nanocarrier comprises a B cell 
antigen. The B cell antigen may be on the Surface of the 
nanocarrier, encapsulated within the nanocarrier, or both. In 
Some embodiments, the B cell antigen is on the Surface of 
the nanocarrier at a density which activates B cell receptors. 
In some embodiments, the B cell antigen is associated with 
the nanocarrier. In some embodiments, the B cell antigen is 
covalently associated with the nanocarrier. In some embodi 
ments, the B cell antigen is non-covalently associated with 
the nanocarrier. In some embodiments, the nanocarrier fur 
ther comprises a targeting moiety. In some embodiments, the 
B cell antigen is a poorly immunogenic antigen. In some 
embodiments, the B cell antigen is a small molecule. In 
Some embodiments, the B cell antigen is an addictive 
Substance. Is Some embodiments, the B cell antigen is a 
toxin. In some embodiments, the toxin for inclusion in a 
nanocarrier is the complete molecule or a portion thereof. In 
Some embodiments the B cell antigen is not a T cell antigen. 
In some embodiments, the B cell antigen is a carbohydrate. 
In some embodiments, the B cell antigen is a degenerative 
disease antigen, an infectious disease antigen, a cancer 
antigen, an atopic disease antigen, an autoimmune disease 
antigen, an alloantigen, a Xenoantigen, an allergen, an addic 
tive Substance, or a metabolic disease enzyme or enzymatic 
product. 
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An allergen refers to a Substance (antigen) that can induce 

an allergic response in a Susceptible subject. The list of 
allergens is enormous and includes pollens, insect venoms, 
animal dander dust, fungal spores and drugs (e.g. penicillin). 
Allergens also include food allergens. 

In some embodiments, the nanocarrier comprises a T cell 
antigen. In some embodiments, the T cell antigen is on the 
Surface of the nanocarrier, encapsulated within the nanocar 
rier, or both. In some embodiments, the T cell antigen is 
associated with the nanocarrier. In some embodiments, the T 
cell antigen is covalently associated with the nanocarrier. In 
Some embodiments, the T cell antigen is non-covalently 
associated with the nanocarrier. In some embodiments, the 
antigen is a degenerative disease antigen, an infectious 
disease antigen, a cancer antigen, an atopic disease antigen, 
an autoimmune disease antigen, an alloantigen, a Xenoanti 
gen, an allergen, an addictive Substance, or a metabolic 
disease enzyme or enzymatic product. In some embodiments 
the T cell antigen is a universal T cell antigen (i.e., one 
which can be used with an unrelated B cell antigen, includ 
ing a carbohydrate, to stimulate T cell help). In some 
embodiments, the nanocarrier further comprises a targeting 
moiety. 

In some embodiments, the nanocarrier comprises both a B 
cell antigen and a T cell antigen. In some embodiments, the 
B cell antigen and the T cell antigen are different antigens. 
In some embodiments, the B cell antigen and the T cell 
antigen are the same antigen. In some embodiments, the B 
cell antigen is on the Surface of the nanocarrier (e.g., 
covalently or non-covalently associated) or is both on the 
surface of the nanocarrier (e.g., covalently or non-covalently 
associated) and encapsulated within the nanocarrier (e.g., 
covalently or non-covalently associated), while the T cell 
antigen is on the Surface of the nanocarrier (e.g., covalently 
or non-covalently associated), is encapsulated within the 
nanocarrier (e.g., covalently or non-covalently associated), 
or is both on the Surface of the nanocarrier (e.g., covalently 
or non-covalently associated) and encapsulated within the 
nanocarrier (e.g., covalently or non-covalently associated). 

In Some embodiments, where a nanocarrier comprises 
both a B cell antigen and a T cell antigen, the nanocarrier 
further comprises an immunostimulatory agent. In some 
embodiments, the immunostimulatory agent is on the Sur 
face of the nanocarrier and/or is encapsulated within the 
nanocarrier. In some embodiments, the immunostimulatory 
agent is associated with the nanocarrier. In some embodi 
ments, the immunostimulatory agent is covalently associ 
ated with the nanocarrier. In some embodiments, the immu 
nostimulatory agent is non-covalently associated with the 
nanocarrier. 

In Some embodiments, where a nanocarrier comprises 
both a B cell antigen and a T cell antigen, the nanocarrier 
further comprises targeting agent. In some embodiments, the 
targeting agent is on the Surface of the nanocarrier. In some 
embodiments, the targeting agent is associated with the 
nanocarrier. In some embodiments, the targeting agent is 
covalently associated with the nanocarrier. In some embodi 
ments, the targeting agent is non-covalently associated with 
the nanocarrier. 

In Some embodiments, where a nanocarrier comprises 
both a B cell antigen and a T cell antigen, the nanocarrier 
further comprises an immunostimulatory agent and a target 
ing agent. In some embodiments, the immunostimulatory 
agent is on the Surface of the nanocarrier (e.g., covalently or 
non-covalently associated) and/or is encapsulated within the 
nanocarrier (e.g., covalently or non-covalently associated), 
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while the targeting agent is on the Surface of the nanocarrier 
(e.g., covalently or non-covalently associated). 

In some embodiments, the nanocarrier comprises an 
immunostimulatory agent. In some embodiments, the immu 
nostimulatory agent is on the Surface of the nanocarrier. In 
Some embodiments, the immunostimulatory agent is encap 
Sulated within the nanocarrier. In some embodiments, the 
immunostimulatory agent is both on the Surface of the 
nanocarrier and encapsulated within the nanocarrier. In 
Some embodiments, the immunostimulatory agent on the 
surface of the nanocarrier is different from the immunos 
timulatory agent encapsulated within the nanocarrier. In 
Some embodiments, the immunostimulatory agent on the 
Surface of and encapsulated within the nanocarrier is the 
SaC. 

In some embodiments, the nanocarrier comprises more 
than one species of immunostimulatory agents, in which 
case the immunostimulatory agents are different. 

In some embodiments, the nanocarrier comprises an 
immunostimulatory agent and an antigen. In some embodi 
ments, the antigen is a B cell antigen or a T cell antigen. In 
Some embodiments, the immunostimulatory agent is an 
immunosuppressant (Suppresses an immune response). In 
Some embodiments, the immunosuppressant is cyclosporin, 
a steroid, methotrexate or any agent that interferes with T 
cell activation. In some embodiments, the immunostimula 
tory agent induces regulatory T cells (e.g., TGF-B. rapamy 
cin or retinoic acid). In some embodiments, the immuno 
Suppressant or agent that induces regulatory T cells 
promotes the acquisition of tolerance to an antigen. The 
nanocarrier, in some embodiments, further comprises a 
targeting agent. In some embodiments, the nanocarrier can 
be used to suppress the immune system and/or promote 
tolerance in a subject. 

In some embodiments where the nanocarrier comprises an 
immunostimulatory agent, the nanocarrier further comprises 
a B cell antigen and/or a T cell antigen. In some embodi 
ments, the B cell antigen is a poorly immunogenic antigen. 
In some embodiments, the B cell antigen is a Small mol 
ecule. In some embodiments, the B cell antigen is a carbo 
hydrate. In some embodiments, the B cell antigen is an 
addictive substance. Is some embodiments, the B cell anti 
gen is a toxin. In some embodiments, the T cell antigen is a 
degenerative disease antigen, an infectious disease antigen, 
a cancer antigen, an atopic disease antigen, an autoimmune 
disease antigen, an alloantigen, a Xenoantigen, an allergen, 
an addictive Substance, or a metabolic disease enzyme or 
enzymatic product. In some embodiments, the T cell antigen 
is an universal T cell antigen. In some embodiments, the 
nanocarrier further comprises a targeting agent. 
The nanocarrier, in some embodiments, can be used to 

induce or enhance an immune response to a poorly immu 
nogenic antigen (e.g., a small molecule or carbohydrate) in 
a Subject. In some embodiments, the nanocarrier can be be 
used to induce or enhance an immune response to an 
addictive Substance in a Subject. In some embodiments, the 
nanocarrier can be used to induce or enhance an immune 
response to a toxin in a subject. The nanocarrier, in some 
embodiments, can be used to treat a subject that has or is 
Susceptible to an addiction. The nanocarrier, in some 
embodiments, can be used to treat a subject that has been or 
will be exposed to a toxin. In some embodiments, the 
nanocarrier can be used to treat and/or prevent infectious 
disease, cancer, allergy, asthma (including allergic asthma), 
or autoimmune disease (including rheumatoid arthritis). In 
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other embodiments, the nanocarriers can be used for 
immune Suppression in connection with transplants to ame 
liorate transplant rejection. 

In some embodiments, the nanocarrier comprises a tar 
geting moiety. In some embodiments, the targeting moiety is 
on the Surface of the nanocarrier. In some embodiments, the 
targeting moiety is associated with the nanocarrier. In some 
embodiments, the targeting moiety is covalently associated 
with the nanocarrier. In some embodiments, the targeting 
moiety is non-covalently associated with the nanocarrier. 

In some aspects a composition comprising a nanocarrier 
comprising (a) a conjugate of a polymer and an antigen, (b) 
a conjugate of a polymer and an immunostimulatory agent, 
and/or (c) a conjugate of a polymer and a targeting moiety 
is provided. In some embodiments, the nanocarrier com 
prises a conjugate of a polymer and an antigen and a 
conjugate of a polymer and an immunostimulatory agent. In 
Some embodiments, the nanocarrier comprises a conjugate 
of a polymer and an antigen and a conjugate of a polymer 
and a targeting moiety. In some embodiments, the nanocar 
rier comprises a conjugate of a polymer and an immunos 
timulatory agent and a conjugate of a polymer and a target 
ing moiety. In some embodiments, the nanocarrier 
comprises a conjugate of a polymer and an antigen, a 
conjugate of a polymer and an immunostimulatory agent and 
a conjugate of a polymer and a targeting moiety. In some 
embodiments, the conjugate or conjugates is/are covalent 
conjugate/conjugates or non-covalent conjugate/conjugates 
or any combination thereof. In some embodiments, the 
antigen is a B cell antigen. In some embodiments, the 
nanocarrier further comprises a conjugate of a polymer and 
a T cell antigen. In some embodiments, such a conjugate is 
a covalent or non-covalent conjugate. In some embodiments, 
the antigen is a T cell antigen. In some embodiments, the 
nanocarrier further comprises a conjugate of a polymer and 
a B cell antigen. In some embodiments, such a conjugate is 
a covalent or non-covalent conjugate. 

In some aspects, a composition comprising a nanocarrier 
comprising a molecule or molecules of the following for 
mula X-L1-Y-L2-Z, wherein X is a biodegradable polymer, 
Y is a water Soluble, non-adhesive polymer, Z is a targeting 
moiety, an immunomodulatory agent, an immunostimula 
tory agent, or a pharmaceutical agent, and L1 and L2 are 
bonds or linking molecules, wherein either Y or Z, but not 
both Y and Z, can be absent, is provided. In some embodi 
ments, the nanocarrier comprises an antigen, an immunos 
timulatory agent, or both. In some embodiments, the phar 
maceutical agent is an antigen. In some embodiments, the 
antigen is a degenerative disease antigen, an infectious 
disease antigen, a cancer antigen, an atopic disease antigen, 
an autoimmune disease antigen, an alloantigen, a Xenoanti 
gen, an allergen, an addictive Substance, or a metabolic 
disease enzyme or enzymatic product. Z may be any antigen 
described herein. In some embodiments, Z is a targeting 
moiety. In some embodiments, Z is a targeting moiety that 
binds a receptor expressed on the Surface of a cell. In some 
embodiments, Z is a targeting moiety that binds a soluble 
receptor. In some embodiments, the soluble receptor is a 
complement protein or a pre-existing antibody. In some 
embodiments, the targeting moiety is for delivery of the 
nanocarrier to antigen presenting cells, T cells or B cells. In 
Some embodiments, the antigen presenting cells are den 
dritic cells (DCs), follicular dendritic cells (FDCs), or mac 
rophages. In some embodiments, the macrophages are Sub 
capsular sinus macrophages (SCS-Mphs). In some 
embodiments, the Y is PEG or PEO. In some embodiments, 



US 9,539,210 B2 
9 

Y is polyalkylene glycol or polyalkylene oxide. In some 
embodiments, X is PLGA, PLA or PGA. In some embodi 
ments, Z is absent. 

In some aspects, a composition comprising a nanocarrier 
comprising an immunostimulatory agent is provided. In 
Some embodiments, the composition further comprises an 
antigen and/or a targeting moiety. In some embodiments, at 
least one of the antigen, targeting moiety, and immunos 
timulatory agent is conjugated to a water Soluble, non 
adhesive polymer. In some embodiments, at least one of the 
antigen, targeting moiety, and immunostimulatory agent is 
conjugated to a biodegradable polymer. In some embodi 
ments, at least one of the antigen, targeting moiety, and 
immunostimulatory agent is conjugated to a biocompatible 
polymer. In some embodiments, the biocompatible polymer 
is a conjugate of a water soluble, non-adhesive polymer 
conjugated to a biodegradable polymer. In some embodi 
ments, the antigen is a B cell antigen. In some embodiments, 
the B cell antigen is not a T cell antigen. In some embodi 
ments, the nanocarrier further comprises a T cell antigen. In 
Some embodiments, the antigen is a T cell antigen. 

In some aspects, a composition comprising a nanocarrier 
comprising a small molecule, an immunostimulatory agent, 
and a T cell antigen is provided. In some embodiments, the 
small molecule is on the surface of the nanocarrier or is both 
on the Surface of the nanocarrier and encapsulated within the 
nanocarrier. In some embodiments, the Small molecule is an 
addictive Substance. In some embodiments, the addictive 
Substance is nicotine. In some embodiments, the Small 
molecule is a toxin. In some embodiments, the toxin is from 
a chemical weapon, an agent of biowarfare, or a hazardous 
environmental agent. In some embodiments, the small mol 
ecule is conjugated to a polymer. In some embodiments, the 
polymer is a water soluble, non-adhesive polymer, a biode 
gradable polymer, or a biocompatible polymer. In some 
embodiments, the polymer is a biocompatible polymer. In 
Some embodiments, the immunostimulatory agent is on the 
surface of the nanocarrier or is both on the surface of the 
nanocarrier and encapsulated within the nanocarrier. In 
Some embodiments, the immunostimulatory agent is conju 
gated to a polymer. In some embodiments, the polymer is a 
water Soluble, non-adhesive polymer, a biodegradable poly 
mer, or a biocompatible polymer biodegradable polymer. In 
Some embodiments, the polymer is water Soluble, non 
adhesive polymer or a biodegradable polymer. In some 
embodiments, the nanocarrier further comprises a targeting 
moiety. In some embodiments, the targeting moiety is con 
jugated to a polymer. In some embodiments, the polymer is 
a water Soluble, non-adhesive polymer, a biodegradable 
polymer, or a biocompatible polymer biodegradable poly 
mer. In some embodiments, the polymer is a biocompatible 
polymer. In some embodiments, the water Soluble, non 
adhesive polymer is PEG or PEO. In some embodiments the 
water soluble, non-adhesive polymer is polyalkylene glycol 
or polyalkylene oxide. In some embodiments, the biode 
gradable polymer is PLGA, PLA, or PGA. In some embodi 
ments, the biocompatible polymer is a conjugate of a water 
soluble, non-adhesive polymer and a biodegradable poly 
C. 

In some embodiments, a composition comprising a nano 
carrier comprising nicotine, an immunostimulatory agent, a 
T cell antigen, and a targeting moiety is provided. In some 
embodiments, the immunostimulatory agent is a TLR 7/8 
agonist. In some embodiments, the immunostimulatory 
agent is R848 (also referred to as CLO97) or imiquimod. In 
Some embodiments, the nicotine is on the Surface of the 
nanocarrier or is both on the Surface of the nanocarrier and 
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10 
encapsulated within the nanocarrier. In some embodiments, 
the nicotine is conjugated to a polymer, preferably cova 
lently conjugated. In some embodiments, the polymer is a 
water Soluble, non-adhesive polymer, a biodegradable poly 
mer, or a biocompatible polymer. In some embodiments, the 
nicotine is conjugated to a biocompatible polymer. In some 
embodiments, the immunostimulatory agent is on the Sur 
face of the nanocarrier, is encapsulated within the nanocar 
rier, or is both on the surface of the nanocarrier and 
encapsulated within the nanocarrier. In some embodiments, 
the immunostimulatory agent is conjugated to a polymer. In 
Some embodiments, the polymer is a water soluble, non 
adhesive polymer, a biodegradable polymer, or a biocom 
patible polymer biodegradable polymer. In some embodi 
ments, immunostimulatory agent is conjugated to a 
biodegradable polymer. In some embodiments, the targeting 
moiety is conjugated to a polymer. In some embodiments, 
the polymer is a water Soluble, non-adhesive polymer, a 
biodegradable polymer, or a biocompatible polymer biode 
gradable polymer. In some embodiments, targeting moiety is 
conjugated to a biocompatible polymer. In some embodi 
ments, the water soluble, non-adhesive polymer is PEG or 
PEO. In some embodiments the water soluble, non-adhesive 
polymer is polyalkylene glycol or polyalkylene oxide. In 
some embodiments, the biodegradable polymer is PLGA, 
PLA, or PGA. In some embodiments, the biocompatible 
polymer is a conjugate of a water Soluble, non-adhesive 
polymer and a biodegradable polymer. 

In some embodiments of any of the nanocarriers provided 
herein, an immunostimulatory agent is encapsulated within 
the nanocarrier. In some of these embodiments, the immu 
nostimulatory agent is R848, a TLR9 agonist (e.g., a CpG/ 
CpG-containing nucleic acid). Such nanocarriers, in some 
embodiments, may be used to activate CD4 T cells and/or 
CD8 T cells. In some embodiments, the immunostimulatory 
agent, e.g., R848 or TLR9 agonist, is not conjugated. In 
Some embodiments, the immunostimulatory agent, e.g., 
R848 or TLR9 agonist, is conjugated to a polymer. In some 
embodiments, the conjugation is covalent. In some embodi 
ments, the conjugation is non-covalent. In some embodi 
ments, the polymer is a water soluble, non-adhesive poly 
mer. In some embodiments, the polymer is a biodegradable 
polymer. In some embodiments, the polymer is a biocom 
patible polymer. In some embodiments, the polymer is 
PEG-PLA or PLA. In any of these embodiments, the nano 
carrier can further comprise a T cell antigen. 

In some aspects, a composition comprising a nanocarrier 
comprising a poorly immunogenic antigen, an immunos 
timulatory agent, and a T cell antigen is provided. In some 
embodiments, the poorly immunogenic antigen is on the 
surface of the nanocarrier or is both on the surface of the 
nanocarrier and encapsulated within the nanocarrier. In 
Some embodiments, the poorly immunogenic antigen is a 
Small molecule or a carbohydrate. In some embodiments, the 
poorly immunogenic antigen is an addictive Substance. In 
Some embodiments, the poorly immunogenic antigen is a 
toxin. In some embodiments, the poorly immunogenic anti 
gen is covalently conjugated to a polymer. In some embodi 
ments, the polymer is a water soluble, non-adhesive poly 
mer, a biodegradable polymer, or a biocompatible polymer 
biodegradable polymer. In some embodiments, the immu 
nostimulatory agent is on the Surface of the nanocarrier or is 
both on the Surface of the nanocarrier and encapsulated 
within the nanocarrier. In some embodiments, the immuno 
stimulatory agent is covalently conjugated to a polymer. In 
Some embodiments, the polymer is a water soluble, non 
adhesive polymer, a biodegradable polymer, or a biocom 
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patible polymer biodegradable polymer. In some embodi 
ments, the nanocarrier further comprises a targeting moiety. 
In some embodiments, the targeting moiety is covalently 
conjugated to a polymer. In some embodiments, the polymer 
is a water Soluble, non-adhesive polymer, a biodegradable 
polymer, or a biocompatible polymer biodegradable poly 
C. 

In some aspects, a composition comprising a nanocarrier 
that targets a specific cell, tissue or organ and modulates an 
immune response comprising a B cell antigen on its surface 
at a density that activates B cells and a immunostimulatory 
agent is provided. In some embodiments, the nanocarrier 
further comprises a targeting moiety. In some embodiments, 
the composition is a pharmaceutical composition and further 
comprises a pharmaceutically acceptable carrier. In some 
embodiments, the pharmaceutical composition is a vaccine 
composition. 

In some aspects, a composition, such as a pharmaceutical 
composition, comprising an antigen presenting cell-target 
ing moiety and a nanocarrier is provided. In some embodi 
ments, the antigen presenting cell-targeting moiety and 
nanocarrier are conjugated. In some embodiments, the con 
jugate is a covalent conjugate. In some embodiments, the 
conjugate is a non-covalent conjugate. 

In some aspects, a composition, such as a pharmaceutical 
composition, comprising an immunostimulatory agent and a 
nanocarrier is provided. In some embodiments, the immu 
nostimulatory agent and nanocarrier are conjugated. In some 
embodiments, the conjugate is a covalent conjugate. In some 
embodiments, the conjugate is a non-covalent conjugate. 

In some aspects, a composition comprising a molecule 
with the formula X-L1-Y-L2-Z, wherein X is a biodegrad 
able polymer. Y is a water soluble, non-adhesive polymer, Z 
is a targeting moiety, an immunostimulatory agent, or a 
pharmaceutical agent, and L1 and L2 are bonds or linking 
molecules, wherein either Y or Z, but not both Y and Z, can 
be absent is provided. 

In some aspects, a composition comprising a molecule 
with the formula T-L1-X-L2-Y-L3-Z, where T is a T cell 
antigen, X is a biodegradable polymer, Y is a water Soluble, 
non-adhesive polymer, Z is an Z is a targeting moiety, an 
immunostimulatory agent, or a pharmaceutical agent, 
wherein L1, L2, and L3 are bonds or linking molecules, and 
wherein any one or two of T. Y. and Z., but not all three of 
T, Y, and Z, can be absent is provided. In some embodi 
ments, the pharmaceutical agent is an antigen. In some 
embodiments, the antigen is a B cell antigen or a T cell 
antigen. 

In some embodiments, Z is a degenerative disease anti 
gen, an infectious disease antigen, a cancer antigen, an 
atopic disease antigen, an autoimmune disease antigen, an 
alloantigen, a Xenoantigen, an allergen, a hapten, an addic 
tive Substance, or a metabolic disease enzyme or enzymatic 
product. In some embodiments, Z is any of the B cell 
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In some embodiments, Z is a targeting moiety that binds 
a receptor expressed on the Surface of a cell. In some 
embodiments, Z is a targeting moiety that binds a soluble 
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ments, the targeting moiety is for targeting antigen present 
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embodiments, Y is polyalkylene glycol or polyalkylene 
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In some embodiments, Z is absent. In some embodiments, 

Y is absent. 
In some aspects, a pharmaceutical composition compris 

ing a conjugate of a immunostimulatory agent and a polymer 
is provided. In some embodiments, the conjugate is a 
covalent conjugate. In some embodiments, the conjugate is 
a non-covalent conjugate. In some embodiments, the poly 
mer is a water soluble, non-adhesive polymer, a biodegrad 
able polymer, or a biocompatible polymer. In some embodi 
ments, the polymer is a biocompatible polymer. In some 
embodiments, the biocompatible polymer is a biodegradable 
polymer or a water soluble, non-adhesive polymer. In some 
embodiments, the biocompatible polymer is a conjugate of 
a water Soluble, non-adhesive polymer and a biodegradable 
polymer. In some embodiments, the polymer is synthetic. In 
Some embodiments, the pharmaceutical composition com 
prises one or more nanocarriers wherein the conjugate is a 
component of the one or more nanocarriers. In some 
embodiments, the composition further comprises an antigen. 
In some embodiments, the pharmaceutical composition does 
not comprise an antigen. In some embodiments, the com 
position further comprises a targeting agent. 

In some aspects, a vaccine composition comprising a 
conjugate of an immunostimulatory agent and a polymer is 
provided. In some embodiments, the conjugate is a covalent 
conjugate. In some embodiments, the conjugate is a non 
covalent conjugate. In some embodiments, the polymer is a 
water Soluble, non-adhesive polymer, a biodegradable poly 
mer, or a biocompatible polymer. In some embodiments, the 
water Soluble, non-adhesive polymer is polyethylene glycol. 
In some embodiments, the polymer is a biocompatible 
polymer. In some embodiments, the biocompatible polymer 
is a biodegradable polymer or a water soluble, non-adhesive 
polymer. In some embodiments, the biocompatible polymer 
is a conjugate of a water soluble, non-adhesive polymer and 
a biodegradable polymer. In some embodiments, the poly 
mer is synthetic. In some embodiments, the pharmaceutical 
composition comprises one or more nanocarriers wherein 
the conjugate is a component of the one or more nanocar 
riers. In some embodiments, the composition further com 
prises an antigen. In some embodiments, the pharmaceutical 
composition does not comprise an antigen. In some embodi 
ments, the composition further comprises a targeting agent. 

In some embodiments, the B cell antigen is a protein or 
peptide. In some embodiments, the B cell antigen is a 
non-protein antigen (i.e., not a protein or peptide). In some 
embodiments, the protein or peptide is from an infectious 
agent. In some embodiments, the infectious agent is a 
bacterium, fungus, virus, protozoan, or parasite. In some 
embodiments, the virus is a pox virus, Smallpox virus, ebola 
virus, marburg virus, dengue fever virus, influenza virus, 
parainfluenza virus, respiratory syncytial virus, rubeola 
virus, human immunodeficiency virus, human papillomavi 
rus, varicella-Zoster virus, herpes simplex virus, cytomega 
lovirus, Epstein-Barr virus, JC virus, rhabdovirus, rotavirus, 
rhinovirus, adenovirus, papillomavirus, parvovirus, picorna 
virus, poliovirus, virus that causes mumps, virus that causes 
rabies, reovirus, rubella virus, togavirus, orthomyxovirus, 
retrovirus, hepadnavirus, coxsackievirus, equine encephali 
tis virus, Japanese encephalitis virus, yellow fever virus, Rift 
Valley fever virus, hepatitis A virus, hepatitis B virus, 
hepatitis C virus, hepatitis D virus, or hepatitis E virus. 

In Some embodiments, the B cell antigen is a small 
molecule. In some embodiments, the Small molecule is an 
abused substance, an addictive Substance, or a toxin. 

In some embodiments, the B cell antigen is an addictive 
Substance. In some embodiments, the addictive Substance is 
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nicotine, a narcotic, a hallucinogen, a stimulant, a cough 
Suppressant, a tranquilizer, or a sedative. In some embodi 
ments, the B cell antigen is an opiod or benzodiazepine. 

In some embodiments, the B cell antigen is a toxin. In 
Some embodiments, the toxin is from a chemical weapon. In 
Some embodiments, the toxin from a chemical weapon is 
botulinum toxin or phosphene. Toxins from a chemical 
weapon also include, but are not limited to, O-Alkyl (<C10, 
incl. cycloalkyl) alkyl (Me, Et, n-Pror i-Pr)-phosphonofluo 
ridates (e.g. Sarin: O-Isopropyl methylphosphonofluoridate, 
Soman: O-Pinacolyl methylphosphonofluoridate), O-Alkyl 
(<C10, incl. cycloalkyl) N,N-dialkyl (Me, Et, n-Pr or i-Pr) 
phosphoramidocyanidates (e.g. Tabun: O-Ethyl N,N-dim 
ethylphosphoramidocyanidate), O-Alkyl (H or <C10, incl. 
cycloalkyl)S-2-dialkyl (Me, Et, n-Pr or i-Pr)-aminoethyl 
alkyl (Me, Et, n-Pr or i-Pr) phosphonothiolates and corre 
sponding alkylated or protonated salts (e.g. VX: O-Ethyl 
S-2-diisopropylaminoethyl methylphosphonothiolate), Sul 
fur mustards: 2-Chloroethylchloromethylsulfide, Mustard 
gas: Bis(2-chloroethyl)sulfide, Bis(2-chloroethylthio)meth 
ane, Sesquimustard: 1.2-Bis(2-chloroethylthio)ethane, 1,3- 
Bis(2-chloroethylthio)-n-propane, 1,4-Bis(2-chloroethyl 
thio)-n-butane, 1.5-Bis(2-chloroethylthio)-n-pentane, Bis(2- 
chloroethylthiomethyl)ether, O-Mustard: Bis(2- 
chloroethylthioethyl)ether, Lewisites: Lewisite 1: 
2-Chlorovinyldichloroarsine, Lewisite 2: Bis(2-chlorovinyl) 
chloroarsine, Lewisite 3: Tris(2-chlorovinyl)arsine, Nitro 
gen mustards: HN1: Bis(2-chloroethyl)ethylamine, HN2: 
Bis(2-chloroethyl)methylamine, HN3: Tris(2-chloroethyl) 
amine, Saxitoxin, Ricin, Amiton: )O.O-Diethyl S-(2-(dieth 
ylamino)ethyl)phosphorothiolate and corresponding alky 
lated or protonated salts, PFIB: 1,1,3,3,3-Pentafluoro-2- 
(trifluoromethyl)-1-propene, 3-Quinuclidinyl benzilate 
(BZ), Phosgene: Carbonyl dichloride, Cyanogen chloride, 
Hydrogen cyanide and Chloropicrin: Trichloronitromethane. 
In some embodiments, the toxin for inclusion in a nanocar 
rier is a complete molecule of any of the foregoing or a 
portion thereof. 

In some embodiments, the B cell antigen is a biohazard or 
hazardous environmental agent. In some embodiments, the 
hazardous environmental agent is arsenic, lead, mercury, 
vinyl chloride, polychlorinated biphenyls, benzene, polycy 
clic aromatic hydrocarbons, cadmium, benzo(a)pyrene, ben 
Zo(b)fluoranthene, chloroform, dichlor-diphenyl-trichloreth 
ylene (DDT), PP-, aroclor 1254, aroclor 1260, dibenzo(a, 
h)anthracene, trichloroethylene, dieldrin, chromium 
hexavalent, or pip'-dichlorodiphenyldichloroethene (DDE, 
PP). 

In some embodiments, the B cell antigen is a carbohy 
drate. In some embodiments, the carbohydrate is from an 
infectious agent. In some embodiments, the infectious agent 
is a bacterium, fungus, virus, protozoan, or parasite. In some 
embodiments, the bacterium is a Pseudomonas, Pneumo 
coccus, E. coli, Staphylococcus, Streptococcus, Treponema, 
Borrelia, Chlamydia, Haemophilus, Clostridium, Salmo 
nella, Legionella, Vibrio or Enterococci bacterium or a 
Mycobacterium. In some embodiments, the virus is a pox 
virus, Smallpox virus, ebola virus, marburg virus, dengue 
fever virus, influenza virus, parainfluenza virus, respiratory 
syncytial virus, rubeola virus, human immunodeficiency 
virus, human papillomavirus, varicella-Zoster virus, herpes 
simplex virus, cytomegalovirus, Epstein-Barr virus, JC 
virus, rhabdovirus, rotavirus, rhinovirus, adenovirus, papil 
lomavirus, parvovirus, picornavirus, poliovirus, virus that 
causes mumps, virus that causes rabies, reovirus, rubella 
virus, togavirus, orthomyxovirus, retrovirus, hepadnavirus, 
coxsackievirus, equine encephalitis virus, Japanese 
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encephalitis virus, yellow fever virus, Rift Valley fever 
virus, hepatitis A virus, hepatitis B virus, hepatitis C virus, 
hepatitis D virus, or hepatitis E virus. 

In some embodiments, the B cell antigen is a self antigen. 
In some embodiments, the self antigen is a protein or 
peptide, lipoprotein, lipid, carbohydrate, or a nucleic acid. In 
Some embodiments, the self antigen is an enzyme, a struc 
tural protein, a secreted protein, a cell Surface receptor, or a 
cytokine. In some embodiments, the cytokine is TNF, IL-1, 
or IL-6. In some embodiments, the self antigen is cholesteryl 
ester transfer protein (CETP), the AB protein associated with 
Alzheimer's, a proteolytic enzyme that processes the patho 
logical form of the AB protein, LDL associated with ath 
erosclerosis, or a coreceptor for HIV-1. In some embodi 
ments, the proteolytic enzyme that processes the 
pathological form of the AB protein is beta-secretase. In 
some embodiments, the LDL associated with atherosclerosis 
is oxidized or minimally modified. In some embodiments, 
the coreceptor for HIV-1 is CCR5. In some embodiments, 
the self antigen is an autoimmune disease antigen. 

In some embodiments, the B cell antigen is a degenerative 
disease antigen, an infectious disease antigen, a cancer 
antigen, an atopic disease antigen, an autoimmune disease 
antigen, or a metabolic disease enzyme or enzymatic product 
thereof. 

In some embodiments, the antigen is a cancer antigen. Is 
some embodiments, the cancer antigen is Melan-A/MART 
1, Dipeptidyl peptidase IV (DPPIV), adenosine deaminase 
binding protein (ADAbp), cyclophilin b, Colorectal associ 
ated antigen (CRC)—C017-1A/GAT33, Carcinoembryonic 
Antigen (CEA) and its immunogenic epitopes CAP-1 and 
CAP-2, etv6, am11, Prostate Specific Antigen (PSA) and its 
immunogenic epitopes PSA-1, PSA-2, and PSA-3, prostate 
specific membrane antigen (PSMA), T-cell receptor/CD3 
Zeta chain, MAGE-family of tumor antigens (e.g., MAGE 
A1, MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A5, 
MAGE-A6, MAGE-A7, MAGE-A8, MAGE-A9, MAGE 
A10, MAGE-A11, MAGE-A12, MAGE-Xp2 (MAGE-B2), 
MAGE-Xp3 (MAGE-B3), MAGE-Xp4 (MAGE-B4), 
MAGE-C1, MAGE-C2, MAGE-C3, MAGE-C4, MAGE 
C5), GAGE-family of tumor antigens (e.g., GAGE-1, 
GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE 
7, GAGE-8, GAGE-9), BAGE, RAGE, LAGE-1, NAG, 
GnTV. MUM-1, CDK4, tyrosinase, p53, MUC family, 
HER2/neu, p21 ras, RCAS1, C-fetoprotein, E-cadherin, 
C-catenin, B-catenin and Y-catenin, p120ctn, gp100 "'7. 
PRAME, NY-ESO-1, brain glycogen phosphorylase, SSX-1, 
SSX-2 (HOM-MEL-40), SSX-1, SSX-4, SSX-5, SCP-1, 
CT-7, cdc27, adenomatous polyposis coli protein (APC), 
fodrin, P1A, Connexin 37, Ig-idiotype, p15, gp75, GM2 and 
GD2 gangliosides, viral products such as human papilloma 
virus proteins, Smad family of tumor antigens, Imp-1, 
EBV-encoded nuclear antigen (EBNA)-1, or c-erbB-2. 

In some embodiments, the infectious disease antigen is a 
viral antigen. In some embodiments, the viral antigen is an 
antigen from a pox virus, Smallpox virus, ebola virus, 
marburg virus, dengue fever virus, influenza virus, parain 
fluenza virus, respiratory syncytial virus, rubeola virus, 
human immunodeficiency virus, human papillomavirus, 
Varicella-Zoster virus, herpes simplex virus, cytomegalovi 
rus, Epstein-Barr virus, JC virus, rhabdovirus, rotavirus, 
rhinovirus, adenovirus, papillomavirus, parvovirus, picorna 
virus, poliovirus, virus that causes mumps, virus that causes 
rabies, reovirus, rubella virus, togavirus, orthomyxovirus, 
retrovirus, hepadnavirus, coxsackievirus, equine encephali 
tis virus, Japanese encephalitis virus, yellow fever virus, Rift 
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Valley fever virus, hepatitis A virus, hepatitis B virus, 
hepatitis C virus, hepatitis D virus, or hepatitis E virus. 

In some embodiments, the B cell antigen is a poorly 
immunogenic antigen. In some embodiments, the poorly 
immunogenic antigen is a non-protein antigen. In some 
embodiments, the poorly immunogenic antigen is a carbo 
hydrate or Small molecule. In some embodiments, the poorly 
immunogenic antigen is an abused substance, addictive 
Substance, or toxin. In some embodiments, the toxin is from 
a chemical weapon. In some embodiments, the poorly 
immunogenic antigen is a hazardous environmental agent. 
In some embodiments, the poorly immunogenic antigen is a 
self antigen. 

In general, the T cell antigen is a protein or peptide. In 
Some embodiments, the T cell antigen is a degenerative 
disease antigen, an infectious disease antigen, a cancer 
antigen, an atopic disease antigen, an autoimmune disease 
antigen, an alloantigen, a Xenoantigen, an allergen, a contact 
sensitizer, a hapten, or a metabolic disease enzyme or 
enzymatic product. 

In some embodiments, the T cell antigen is from an 
infectious agent. In some embodiments, the infectious agent 
is a bacterium, fungus, virus, protozoan, or parasite. In some 
embodiments, the infectious disease antigen is a viral anti 
gen. In some embodiments, the viral antigen is an antigen 
from a pox virus, Smallpox virus, ebola virus, marburg virus, 
dengue fever virus, influenza virus, parainfluenza virus, 
respiratory syncytial virus, rubeola virus, human immuno 
deficiency virus, human papillomavirus, varicella-Zoster 
virus, herpes simplex virus, cytomegalovirus, Epstein-Barr 
virus, JC virus, rhabdovirus, rotavirus, rhinovirus, adenovi 
rus, papillomavirus, parvovirus, picornavirus, poliovirus, 
virus that causes mumps, virus that causes rabies, reovirus, 
rubella virus, togavirus, orthomyxovirus, retrovirus, hepad 
navirus, coxsackievirus, equine encephalitis virus, Japanese 
encephalitis virus, yellow fever virus, Rift Valley fever 
virus, hepatitis A virus, hepatitis B virus, hepatitis C virus, 
hepatitis D virus, or hepatitis E virus. 

In some embodiments, T cell antigen is a universal T cell 
antigen. In some embodiments, the universal T cell antigen 
is one or more peptides derived from tetanus toxoid, 
Epstein-Barr virus, or influenza virus. 

In some embodiments, immunostimulatory agents are 
interleukins, interferon, cytokines, etc. In some embodi 
ments, the immunostimulatory agent is a toll-like receptor 
(TLR) agonist, cytokine receptor agonist, CD40 agonist, Fc 
receptor agonist, CpG-containing immunostimulatory 
nucleic acid, complement receptor agonist, or an adjuvant. 
In some embodiments, the TLR agonist is a TLR-1, TLR-2, 
TLR-3, TLR-4, TLR-5, TLR-6, TLR-7, TLR-8, TLR-9, or 
TLR-10 agonist. In some embodiments, the Fc receptor 
agonist is a Fc-gamma receptor agonist. In some embodi 
ments, the complement receptor agonist binds to CD21 or 
CD35. In some embodiments, the complement receptor 
agonist induces endogenous complement opsonization of 
the nanocarrier. In some embodiments, the cytokine receptor 
agonist is a cytokine. In some embodiments, the cytokine 
receptor agonist is a Small molecule, antibody, fusion pro 
tein, or aptamer. In some embodiments, the immunostimu 
latory agent is an adjuvant. In some embodiments, the 
adjuvant induces cytokine biosynthesis. In some embodi 
ments, the adjuvant is alum, MF59, R848, cholera toxin, 
squalene, phosphate adjuvants, or tetrachlorodecaoxide. In 
Some embodiments, the adjuvant is monophosphoryl lipid A 
(MPL. SmithKline Beecham); saponins including QS21 
(SmithKline Beecham); immunostimulatory oligonucle 
otides (e.g., CpG immunostimulatory oligonucleotides first 
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described by Kreig et al., Nature 374:546-9, 1995); incom 
plete Freund's adjuvant; complete Freund's adjuvant; mon 
tanide; vitamin E and various water-in-oil emulsions pre 
pared from biodegradable oils such as squalene and/or 
tocopherol, Quil A, Ribi Detox, CRL-1005, or L-121. 

In specific embodiments, an immunostimulatory agent 
may be a natural or synthetic agonist for a Toll-like receptor 
(TLR). In specific embodiments, an immunostimulatory 
agent may be a ligand for toll-like receptor (TLR)-7. Such as 
CpGs, which induce type I interferon production; an agonist 
for the DC surface molecule CD40; an agent that promotes 
DC maturation; a TLR-4 agonist; a cytokine; proinflamma 
tory stimuli released from necrotic cells (e.g. urate crystals); 
activated components of the complement cascade (e.g. 
CD21, CD35, etc.); and so forth. 

In some embodiments, the targeting moiety binds a recep 
tor expressed on the Surface of a cell. In some embodiments, 
the targeting moiety binds a soluble receptor. In some 
embodiments, the soluble receptor is a complement protein 
or a pre-existing antibody. In some embodiments, the tar 
geting moiety is for delivery of the nanocarrier to antigen 
presenting cells, T cells, or B cells. In some embodiments, 
the antigen presenting cells are macrophages. In some 
embodiments, the macrophages are Subcapsular sinus mac 
rophages. In some embodiments, the antigen presenting cells 
are dendritic cells. In some embodiments, the antigen pre 
senting cells are follicular dendritic cells. 

In some embodiments, the targeting moiety is a molecule 
that binds to CD11b, CD169, mannose receptor, DEC-205, 
CD11c, CD21/CD35, CX3CR1, or a Fc receptor. In some 
embodiments, the targeting moiety is a molecule that binds 
to CD169, CX3CR1, or a Fc receptor. In some embodi 
ments, the molecule that binds to CD169 is an anti-CD169 
antibody. In some embodiments, the molecule that binds 
CX3CR1 is CX3CL1 (fractalkine). In some embodiments, 
the targeting moiety comprises the Fc portion of an immu 
noglobulin. In some embodiments, the targeting moiety 
comprises the Fc portion of an IgG. In some embodiments, 
the Fc portion of an immunoglobulin is a human Fc portion 
of an immunoglobulin. In some embodiments, the Fc portion 
of an IgG is a human Fc portion of an IgG. In some 
embodiments, the targeting moiety is the Soluble receptor, 
CRFc. In some embodiments, CRFc can be used to target 
macrophages in the Subcapsular sinus but not macrophages 
of the medulla. In some embodiments, the targeting moiety 
is one or more amine moieties. 

In some aspects, the compositions provided herein are 
immunogenic. 

In some aspects, a method comprising administering any 
of the compositions provided herein to a Subject in an 
amount effective to modulate an immune response is pro 
vided. In some embodiments, the composition is in an 
amount effective to induce or enhance an immune response. 
In some embodiments, the composition is in an amount 
effective to Suppress an immune response. In some embodi 
ments, the composition is in an amount effective to direct or 
redirect an immune response. In some embodiments, the 
method is for prophylaxis and/or treatment of the conditions 
identified herein. 

In some embodiments, where the method is to induce or 
enhance an immune response, the Subject has or is Suscep 
tible to having cancer, an infectious disease, a non-autoim 
mune metabolic or degenerative disease, an atopic disease, 
an allergic disease, or an addiction. In some embodiments, 
the Subject has been exposed to or may be exposed to a 
toxin. In some embodiments, the Subject has been exposed 
to or may be exposed to a toxin from a chemical weapon. In 
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Some embodiments, the Subject has been exposed to or may 
be exposed to a toxin from a hazardous environmental 
Substance. In some embodiments, the nanocarrier comprises 
a B-cell antigen, an immunostimulatory agent, and a T cell 
antigen, Such as an universal T cell antigen. In some 
embodiments, the nanocarrier further comprises a targeting 
moiety. 

In some embodiments, where the method is for treating or 
preventing an addiction (or for treating a subject exposed to 
or who may be exposed to a toxin), the nanocarrier com 
prises the addictive Substance or toxin, an adjuvant, and a T 
cell. In some embodiments, the method raises high titer 
antibodies that bind and neutralize the offending agent 
before it reaches its effector site (e.g., the brain). In some 
embodiments, the addictive Substance or toxin is at a high 
density on the Surface of the nanocarrier. 

In some embodiments, the infectious disease is a chronic 
viral infection. In some embodiments, the chronic viral 
infection is HIV, HPV, HBV, or HCV infection. In some 
embodiments, the infectious disease is or is caused by a 
bacterial infection. In some embodiments, the Subject has or 
is susceptible to having a Pseudomonas infection, a Pneu 
mococcus infection, tuberculosis, malaria, leishmaniasis, H. 
pylori, a Staphylococcus infection, or a Salmonella infec 
tion. In some embodiments, the infectious disease is or is 
caused by a fungal infection. In some embodiments, the 
infectious disease is or is caused by a parasitic infection. In 
Some embodiments, the infectious disease is or is caused by 
a protozoan infection. In some embodiments, the Subject has 
or is susceptible to having influenza. 

In some embodiments, where the method is to Suppress or 
redirect an immune response, the subject has or is suscep 
tible to having an allergic disease or an autoimmune disease. 
In some embodiments, the Subject has a food allergy. In 
Some embodiments, the Subject is allergic to milk or other 
milk components (e.g., lactose), eggs, peanuts, tree nuts 
(walnuts, cashews, etc.), fish, shellfish, soy, or wheat. In 
Some embodiments, the method is to tolerize a Subject to an 
antigen, Such as an allergen. In some embodiments, the 
autoimmune disease is disease is lupus, multiple Sclerosis, 
rheumatoid arthritis, diabetes mellitus type I, inflammatory 
bowel disease, thyroiditis, or celiac disease. In some 
embodiments, the Subject has had or will have a transplant, 
and the method can be to prevent or ameliorate transplant 
rejection. In some embodiments, the nanocarrier comprises 
an antigen and an immune Suppressant or an agent that 
induces regulatory T cells. In some embodiments, the nano 
carrier further comprises a targeting moiety. Generally, 
where the method is one to Suppress an immune response, 
the antigen is provided in the absence of an adjuvant. 

In some embodiments for treating an allergy, the nano 
carrier includes an allergen and an immunostimulatory agent 
(such as an adjuvant, e.g., a TLR agonist). 

In some embodiments, the composition is administered in 
an amount effective to modify an immune response (e.g., 
from a Th2 to a Th1 immune response). In some embodi 
ments, the Subject has or is susceptible to having an allergic 
disease. In some embodiments, the nanocarrier comprises an 
antigen, Such as an allergen, and an immunostimulatory 
agent. In some embodiments, the nanocarrier further com 
prises a targeting moiety. 

In some aspects, vaccine nanocarriers for delivery of 
immunomodulatory agents to the cells of the immune sys 
tem are provided. In some embodiments, vaccine nanocar 
riers comprise at least one immunomodulatory agent that is 
capable of inducing an immune response in B cells and/or in 
T cells. In certain embodiments, immunomodulatory agents 
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presented on nanocarrier Surfaces stimulate B cells, and 
immunomodulatory agents encapsulated within the nanocar 
riers are processed and presented to T cells. In some embodi 
ments, vaccine nanocarriers comprise at least one targeting 
moiety that is useful for selective delivery of the vaccine 
nanocarrier to specific antigen-presenting cells (APCs). 

In some embodiments, an immunomodulatory agent may 
comprise isolated and/or recombinant proteins or peptides, 
carbohydrates, glycoproteins, glycopeptides, proteoglycans, 
inactivated organisms and viruses, dead organisms and 
virus, genetically altered organisms or viruses, and cell 
extracts. In some embodiments, an immunomodulatory 
agent may comprise nucleic acids, carbohydrates, lipids, 
and/or Small molecules. In some embodiments, an immu 
nomodulatory agent is one that elicits an immune response. 
In some embodiments, an immunomodulatory agent is an 
antigen. In some embodiments, an immunomodulatory 
agent is used for vaccines. 

In some embodiments, an immunomodulatory agent is 
any protein and/or other antigen derived from a pathogen. 
The pathogen may be a virus, bacterium, fungus, protozoan, 
parasite, etc. In some embodiments, an immunomodulatory 
agent may be in the form of whole killed organisms, 
peptides, proteins, glycoproteins, glycopeptides, proteogly 
cans, carbohydrates, or combinations thereof. 

In some embodiments, all of the immunomodulatory 
agents of a vaccine nanocarrier are identical to one another. 
In some embodiments, all of the immunomodulatory agents 
of a vaccine nanocarrier are different. In some embodiments, 
a vaccine nanocarrier comprises exactly one distinct type 
(i.e., species) of immunomodulatory agent. For example, 
when the immunomodulatory agent is an antigen, all of the 
antigens that are in the vaccine nanocarrier are the same. In 
Some embodiments, a vaccine nanocarrier comprises exactly 
two distinct types of immunomodulatory agents. In some 
embodiments, a vaccine nanocarrier comprises greater than 
two distinct types of immunomodulatory agents. 

In some embodiments, a vaccine nanocarrier comprises a 
single type of immunomodulatory agent that stimulates an 
immune response in B cells. In some embodiments, a 
vaccine nanocarrier comprises a single type of immuno 
modulatory agent that stimulates an immune response in T 
cells. In some embodiments, a vaccine nanocarrier com 
prises two types of immunomodulatory agents, wherein the 
first immunomodulatory agent stimulates B cells, and the 
second immunomodulatory agent stimulates T cells. In 
certain embodiments, any of the aforementioned agents 
could stimulate both B cells and T cells, but this is not 
necessarily so. In certain embodiments, the aforementioned 
immunomodulatory agents stimulates only B cells or T cells, 
respectively. In some embodiments, a vaccine nanocarrier 
comprises greater than two types of immunomodulatory 
agents, wherein one or more types of immunomodulatory 
agents stimulate B cells, and one or more types of immu 
nomodulatory agents stimulate T cells. 

In some embodiments, a vaccine nanocarrier includes a 
lipid membrane (e.g. lipid bilayer, lipid monolayer, etc.). At 
least one immunomodulatory agent may be associated with 
the lipid membrane. In some embodiments, at least one 
immunomodulatory agent is embedded within the lipid 
membrane, embedded within the lumen of a lipid bilayer, 
associated with the interior surface of the lipid membrane, 
and/or encapsulated with the lipid membrane of a vaccine 
nanocarrier. 

In some embodiments, a vaccine nanocarrier includes a 
polymer (e.g. a polymeric core). The immunomodulatory 
agent may be associated with the polymer, and in some 
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embodiments, at least one type of immunomodulatory agent 
is associated with the polymer. In some embodiments, the 
immunomodulatory agent is embedded within the polymer, 
associated with the interior surface of the polymer, and/or 
encapsulated within the polymer of a vaccine nanocarrier, 
and, in some embodiments, at least one type of immuno 
modulatory agent is embedded within the polymer, associ 
ated with the interior surface of the polymer, and/or encap 
Sulated within the polymer of a vaccine nanocarrier. 

In some embodiments, inventive vaccine nanocarriers 
comprise less than less than 90% by weight, less than 75% 
by weight, less than 50% by weight, less than 40% by 
weight, less than 30% by weight, less than 20% by weight, 
less than 15% by weight, less than 10% by weight, less than 
5% by weight, less than 1% by weight, or less than 0.5% by 
weight of the immunomodulatory agent. 

In some embodiments, vaccine nanocarriers are associ 
ated with at least one targeting moiety. In some embodi 
ments, a targeting moiety may be a nucleic acid, polypep 
tide, peptide, glycoprotein, glycopeptide, proteoglycan, 
carbohydrate, lipid, Small molecule, etc. For example, a 
targeting moiety can be a nucleic acid targeting moiety (e.g. 
an aptamer, Spiegelmer R, etc.) that binds to a cell type 
specific marker. In some embodiments, a targeting moiety 
may be a naturally occurring or synthetic ligand for a cell 
surface protein, e.g., DEC-205, CD169, CD11b, etc. 
Examples of targeting moieties also include those provided 
elsewhere herein, such as those described above. 

In accordance with the present invention, a targeting 
moiety recognizes one or more “targets” or “markers' 
associated with a particular organ, tissue, cell, and/or Sub 
cellular locale. In some embodiments, a target may be a 
marker that is exclusively or primarily associated with one 
or a few cell types, with one or a few diseases, and/or with 
one or a few developmental stages. Examples of cells that 
are targeted include antigen presenting cells (APCs). Such as 
dendritic cells, follicular dendritic cells, and macrophages. 
One example of a macrophage is a Subcapsular sinuc mac 
rophage. Other cells that are targeted include T cells and B 
cells. In some embodiments, a target can comprise a protein, 
a carbohydrate, a lipid, and/or a nucleic acid. In some 
embodiments, a target is a tumor marker. In some embodi 
ments, a target is an APC marker. In certain embodiments, 
a target is a T cell marker. In some embodiments, the 
targeting moieties target secondary lymphoid tissues or 
organs. Secondary lympoid tissues or organs include lymph 
nodes, the spleen, Peyer's patches, the appendix, or tonsils. 

In certain embodiments, a target is a dendritic cell marker. 
In some embodiments, DC markers include DC-205, 
CD11c, class II MHC, CD80, CD86, DC-SIGN, CD11b, 
BDCA-1, BDCA-2, BDCA-4, Siglec-H, CX3CR1, and/or 
Langerin. Examples of such markers are provided elsewhere 
herein. 

In certain embodiments, a target is a Subcapsular sinus 
macrophage marker. In some embodiments, SCS-Mph 
markers include CD169 (i.e. sialoadhesin), CD11b (i.e. 
CD11b/CD18, Mac-1, CR3 or CMB2 integrin), Fc receptor, 
and/or the mannose receptor (i.e. a multi-valent lectin), 
proteins which are all prominently expressed on SCS-Mph. 
Examples of such markers are provided elsewhere herein. 

In certain embodiments, a target is a B cell marker. In 
Some embodiments, B cell markers may include comple 
ment receptors, CR1 (i.e. CD35) or CR2 (i.e. CD21), 
proteins which are expressed on B cells. In some embodi 
ments, B cell targeting can be accomplished by B cell 
markers such as CD19, CD20, and/or CD22. In some 
embodiments, B cell targeting can be accomplished by B 
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cell markers such as CD40, CD52, CD80, CXCR5, VLA-4, 
class II MHC, surface IgM or Ig|D, APRL, and/or BAFF-R. 
Examples of such markers are provided elsewhere herein. 

In certain embodiments, a target is a FDC marker. In some 
embodiments, FDC markers include complement receptors, 
CR1 (i.e. CD35) or CR2 (i.e. CD21), proteins which are 
expressed on FDCs. Examples of such markers are provided 
elsewhere herein. 

In some embodiments, a vaccine nanocarrier comprises a 
single type of targeting moiety that directs delivery of the 
vaccine nanocarrier to a single cell type (e.g. delivery to 
SCS-Mph only). In some embodiments, a vaccine nanocar 
rier comprises a single type of targeting moiety that directs 
delivery of the vaccine nanocarrier to multiple cell types 
(e.g. delivery to both SCS-Mphs and FDCs, or to both 
SCS-Mphs and DCs). In some embodiments, a vaccine 
nanocarrier comprises two types of targeting moieties, 
wherein the first type of targeting moiety directs delivery of 
the vaccine nanocarrier to one cell type, and the second type 
of targeting moiety directs delivery of the vaccine nanocar 
rier to a second cell type. For example, in Some embodi 
ments, the first type of targeting moiety directs delivery to 
SCS-Mphs, and the second type of targeting moiety directs 
delivery to DCs. As another example, the first type of 
targeting moiety directs delivery to SCS-Mphs, and the 
second type of targeting moiety directs delivery to FDCs. 

In Some embodiments, inventive vaccine nanocarriers 
comprise less than 50% by weight, less than 40% by weight, 
less than 30% by weight, less than 20% by weight, less than 
15% by weight, less than 10% by weight, less than 5% by 
weight, less than 1% by weight, or less than 0.5% by weight 
of the targeting moiety. 

In some embodiments, vaccine nanocarriers may trans 
port one or more types of immunostimulatory agents which 
can help stimulate immune responses. In some embodi 
ments, immunostimulatory agents boost immune responses 
by activating APCs to enhance their immunostimulatory 
capacity. In some embodiments, immuno Stimulatory agents 
boost immune responses by amplifying lymphocyte 
responses to specific antigens. In some embodiments, immu 
nostimulatory agents boost immune responses by inducing 
the local release of mediators, such as cytokines from a 
variety of cell types. 

In some embodiments, a vaccine nanocarrier comprises a 
single type of immunostimulatory agent that stimulates both 
B cells and T cells. In some embodiments, a vaccine 
nanocarrier comprises two types of immunostimulatory 
agents, wherein the first type of immunostimulatory agent 
stimulates B cells, and the second type of immunostimula 
tory agent stimulates T cells. In some embodiments, a 
vaccine nanocarrier comprises greater than two types of 
immunostimulatory agents, wherein one or more types of 
immunostimulatory agents stimulate B cells, and one or 
more types of immunostimulatory agents stimulate T cells. 

In some embodiments, various assays can be utilized in 
order to determine whether an immune response has been 
modulated in a B cell or group of B cells or in a T cell or 
group of T cells. In some embodiments, the assay assesses 
whether or not the cell or group of cells has/have become 
“activated. 

In some embodiments, various assays can be utilized in 
order to determine whether an immune response has been 
stimulated in a T cell or group of T cells. In some embodi 
ments, stimulation of an immune response in T cells can be 
determined by measuring antigen-induced production of 
cytokines by T cells. In some embodiments, stimulation of 
an immune response in T cells can be determined by 
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measuring antigen-induced proliferation of T cells. In some 
embodiments, an immune response in T cells is determined 
to be stimulated if cellular markers of T cell activation are 
expressed at different levels (e.g. higher or lower levels) 
relative to unstimulated cells. 

In some embodiments, various assays can be utilized in 
order to determine whether an immune response has been 
stimulated in a B cell or group of B cells. In some embodi 
ments, stimulation of an immune response in B cells can be 
determined by measuring antibody titers, antibody affinities, 
antibody performance in neutralization assays, class-Switch 
recombination, affinity maturation of antigen-specific anti 
bodies, development of memory B cells, development of 
long-lived plasma cells that can produce large amounts of 
high-affinity antibodies for extended periods of time, ger 
minal center reactions, and/or antibody performance in 
neutralization assays. 
A vaccine nanocarrier is an entity that comprises, for 

example, at least one immunomodulatory agent which is 
capable of stimulating an immune response in B cells and/or 
T cells. Any vaccine nanocarrier can be used in accordance 
with the present invention. 

In some embodiments, a nanocarrier has a greatest dimen 
sion (e.g., diameter) of less than 100 microns (Lm). In some 
embodiments, inventive nanocarriers have a greatest dimen 
sion (e.g., diameter) of 300 nm or less. In some embodi 
ments, inventive nanocarriers have a greatest dimension 
(e.g., diameter) of 250 nm or less. In some embodiments, 
inventive nanocarriers have a greatest dimension (e.g., 
diameter) of 200 nm or less. In some embodiments, inven 
tive nanocarriers have a greatest dimension (e.g., diameter) 
of 150 nm or less. In some embodiments, inventive nano 
carriers have a greatest dimension (e.g., diameter) of 100 nm 
or less. In some embodiments, inventive nanocarriers have 
a greatest dimension ranging between 25 nm and 200 nm. In 
Some embodiments, inventive nanocarriers have a greatest 
dimension ranging between 20 nm and 100 nm. 
A variety of different nanocarriers can be used in accor 

dance with the present invention. In some embodiments, 
nanocarriers are spheres or spheroids. In some embodi 
ments, nanocarriers are flat or plate-shaped. In some 
embodiments, nanocarriers are cubes or cuboids. In some 
embodiments, nanocarriers are ovals or ellipses. In some 
embodiments, nanocarriers are cylinders, cones, or pyra 
mids. Nanocarriers may be solid or hollow and may com 
prise one or more layers. In some embodiments, each layer 
has a unique composition and unique properties relative to 
the other layer(s). To give but one example, nanocarriers 
may have a core/shell structure, wherein the core is one layer 
(e.g. a polymeric core) and the shell is a second layer (e.g. 
a lipid bilayer or monolayer). Nanocarriers may comprise a 
plurality of different layers. In some embodiments, one layer 
may be substantially cross-linked, a second layer is not 
Substantially cross-linked, and so forth. In some embodi 
ments, one, a few, or all of the different layers may comprise 
one or more immunomodulatory agents, targeting moieties, 
immunostimulatory agents, and/or combinations thereof. In 
Some embodiments, one layer comprises an immunomodu 
latory agent, targeting moiety, and/or immunostimulatory 
agent, a second layer does not comprise an immunomodu 
latory agent, targeting moiety, and/or immunostimulatory 
agent, and so forth. In some embodiments, each individual 
layer comprises a different immunomodulatory agent, tar 
geting moiety, immunostimulatory agent, and/or combina 
tion thereof. 

In some embodiments, nanocarriers may optionally com 
prise one or more lipids. In some embodiments, a nanocar 
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rier is a liposome. In some embodiments, a nanocarrier 
comprises a lipid bilayer. In some embodiments, a nanocar 
rier comprises a lipid monolayer. In some embodiments, a 
nanocarrier is a micelle. In some embodiments, a nanocar 
rier comprises a core of a polymeric matrix Surrounded by 
a lipid layer (e.g. lipid bilayer, lipid monolayer, etc.). In 
Some embodiments, a nanocarrier comprises a non-poly 
meric core (e.g. metal particle, quantum dot, ceramic par 
ticle, bone particle, viral particle, etc.) Surrounded by a lipid 
layer (e.g. lipid bilayer, lipid monolayer, etc.). 

In some embodiments, a nanocarrier comprises one or 
more polymers. In some embodiments, a polymeric matrix 
can be surrounded by a coating layer (e.g. liposome, lipid 
monolayer, micelle, etc.). In some embodiments, an immu 
nomodulatory agent, targeting moiety, and/or immunostimu 
latory agent can be associated with the polymeric matrix. In 
Such embodiments, the immunomodulatory agent, targeting 
moiety, and/or immunostimulatory agent is effectively 
encapsulated within the nanocarrier. 

In some embodiments, an immunomodulatory agent, tar 
geting moiety, and/or immunostimulatory agent can be 
covalently associated with a nanocarrier. In some embodi 
ments, covalent association is mediated by a linker. In some 
embodiments, an immunomodulatory agent, targeting moi 
ety, and/or immunostimulatory agent is non-covalently asso 
ciated with a nanocarrier. For example, in Some embodi 
ments, an immunomodulatory agent, targeting moiety, and/ 
or immunostimulatory agent is encapsulated within, 
Surrounded by, and/or dispersed throughout a polymeric 
matrix, a lipid membrane, etc. Alternatively or additionally, 
an immunomodulatory agent, targeting moiety, and/or 
immunostimulatory agent may be associated with a poly 
meric matrix, a lipid membrane, etc. by hydrophobic inter 
actions, charge interactions, Van der Waals forces, etc. 
A wide variety of polymers and methods for forming 

polymeric matrices therefrom are known in the art of drug 
delivery. In general, a polymeric matrix comprises one or 
more polymers. Any polymer may be used in accordance 
with the present invention. Polymers may be natural or 
unnatural (synthetic) polymers. Polymers may be homopo 
lymers or copolymers comprising two or more monomers. 
In terms of sequence, copolymers may be random, block, or 
comprise a combination of random and block sequences. 
Polymers in accordance with the present invention may be 
organic polymers. In some embodiments, the polymers are 
dendritic polymers or blends of polymers. 

Examples of polymers include polyethylenes, polycar 
bonates (e.g. poly(1,3-dioxan-2One)), polyanhydrides (e.g. 
poly(sebacic anhydride)), polyhydroxyacids (e.g. poly(B- 
hydroxyalkanoate)), polypropylfumerates, polycaprolac 
tones, polyamides (e.g. polycaprolactam), polyacetals, 
polyethers, polyesters (e.g. polylactide, polyglycolide), poly 
(orthoesters), polycyanoacrylates, polyvinyl alcohols, poly 
urethanes, polyphosphaZenes, polyacrylates, polymethacry 
lates, polyureas, polystyrenes, and polyamines. 

In some embodiments, nanocarriers comprise immuno 
modulatory agents embedded within reverse micelles. To 
give but one example, a liposome nanocarrier may comprise 
hydrophobic immunomodulatory agents embedded within 
the liposome membrane, and hydrophilic immunomodula 
tory agents embedded with reverse micelles found in the 
interior of the liposomal nanocarrier. 

In some embodiments, a nanocarrier does not include a 
polymeric component. In some embodiments, nanocarriers 
comprise metal particles, quantum dots, ceramic particles, 
bone particles, viral particles, etc. In some embodiments, an 
immunomodulatory agent, targeting moiety, and/or immu 
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nostimulatory agent is associated with the Surface of Such a 
non-polymeric nanocarrier. In some embodiments, a non 
polymeric nanocarrier is an aggregate of non-polymeric 
components, such as an aggregate of metal atoms (e.g. gold 
atoms). In some embodiments, an immunomodulatory 
agent, targeting moiety, and/or immunostimulatory agent is 
associated with the Surface of encapsulated within, Sur 
rounded by, and/or dispersed throughout an aggregate of 
non-polymeric components. 

In some embodiments, nanocarriers may optionally com 
prise one or more amphiphilic entities (i.e., entities that 
possess both hydrophilic and hydrophobic properties). In 
Some embodiments, an amphiphilic entity can promote the 
production of nanocarriers with increased stability, 
improved uniformity, or increased Viscosity. 

In some embodiments, a nanocarrier comprises one or 
more nanoparticles associated with the exterior Surface of 
and/or encapsulated within the nanocarrier. 

Nanocarriers may be prepared using any method known 
in the art. For example, particulate nanocarrier formulations 
can be formed by methods such as nanoprecipitation, flow 
focusing using fluidic channels, spray drying, single and 
double emulsion solvent evaporation, Solvent extraction, 
phase separation, milling, microemulsion procedures, 
microfabrication, nanofabrication, sacrificial layers, simple 
and complex coacervation, as well as other methods well 
known to those of ordinary skill in the art. Alternatively or 
additionally, aqueous and organic solvent syntheses for 
monodisperse semiconductor, conductive, magnetic, 
organic, and other nanoparticles may be utilized. 

In some embodiments, immunomodulatory agents, target 
ing moieties, and/or immunostimulatory agents, are not 
covalently associated with a nanocarrier. For example, nano 
carriers may comprise a polymeric matrix, and immuno 
modulatory agents, targeting moieties, and/or immunos 
timulatory agents, etc. are associated with the Surface of 
encapsulated within, and/or distributed throughout the poly 
meric matrix of an inventive nanocarrier. Immunomodula 
tory agents may be released by diffusion, degradation of the 
nanocarrier, and/or a combination thereof. In some embodi 
ments, polymer(s) of the nanocarrier degrade by bulk ero 
Sion. In some embodiments, polymer(s) of the nanocarrier 
degrade by Surface erosion. 

In some embodiments, immunomodulatory agents, target 
ing moieties, and/or immunostimulatory agents are cova 
lently associated with a particle. In some embodiments, 
covalent association is mediated by one or more linkers. Any 
suitable linker can be used in accordance with the present 
invention. In some embodiments, the linker is a cleavable 
linker (e.g., an ester linkage, an amide linkage, a disulfide 
linkage, etc.). 

In some embodiments, nanocarriers are made by self 
assembly. As an example, lipids are mixed with a lipophilic 
immunomodulatory agent, and then formed into thin films 
on a solid Surface. A hydrophilic immunomodulatory agent 
is dissolved in an aqueous Solution, which is added to the 
lipid films to hydrolyze lipids under vortex. Liposomes with 
lipophilic immunomodulatory agents incorporated into the 
bilayer wall and hydrophilic immunomodulatory agents 
inside the liposome lumen are spontaneously assembled. In 
certain embodiments, pre-formulated polymeric nanopar 
ticles are mixed with Small liposomes under gentle Vortex to 
induce liposome fusion onto polymeric nanoparticle Surface. 
As another example, a hydrophilic immunomodulatory 

agent to be encapsulated is first incorporated into reverse 
micelles by mixing with naturally derived and non-toxic 
amphiphilic entities in a volatile, water-miscible organic 
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Solvent. In some embodiments, a biodegradable polymer is 
added after reverse micelle formation is complete. The 
resulting biodegradable polymer-reverse micelle mixture is 
combined with a polymer-insoluble hydrophilic non-solvent 
to form nanoparticles by the rapid diffusion of the solvent 
into the non-solvent and evaporation of the organic Solvent. 

In some embodiments, lipid monolayer stabilized poly 
meric nanocarriers are used to deliver one or a plurality of 
immunomodulatory agents. In certain embodiments, a 
hydrophilic immunomodulatory molecule is first chemically 
conjugated to the polar headgroup of a lipid. The conjugate 
is mixed with a certain ratio of unconjugated lipid molecules 
in an aqueous Solution containing one or more water 
miscible solvents. A biodegradable polymeric material is 
mixed with the hydrophobic immunomodulatory agents to 
be encapsulated in a water miscible or partially water 
miscible organic solvent. The resulting polymer Solution is 
added to the aqueous Solution of conjugated and unconju 
gated lipid to yield nanoparticles by the rapid diffusion of the 
organic solvent into the water and evaporation of the organic 
solvent. 
The compositions and methods described herein can be 

used for the prophylaxis and/or treatment of any infectious 
disease, disorder, and/or condition. Examples of other dis 
eases, disorders, and/or conditions are provided elsewhere 
herein. In some embodiments, vaccine nanocarriers in accor 
dance with the present invention may be used to treat, 
alleviate, ameliorate, relieve, delay onset of inhibit progres 
sion of reduce severity of, and/or reduce incidence of one or 
more symptoms or features of a disease, disorder, and/or 
condition. In some embodiments, inventive vaccine nano 
carriers may be used to treat, alleviate, ameliorate, relieve, 
delay onset of inhibit progression of reduce severity of 
and/or reduce incidence of one or more symptoms or fea 
tures of microbial infection (e.g. bacterial infection, fungal 
infection, viral infection, parasitic infection, etc.). In some 
embodiments, the prophylaxis and/or treatment of microbial 
infection comprises administering a therapeutically effective 
amount of inventive vaccine nanocarriers to a subject in 
need thereof, in Such amounts and for Such time as is 
necessary to achieve the desired result. In certain embodi 
ments of the present invention, a “therapeutically effective 
amount of an inventive vaccine nanocarrier is that amount 
effective for treating, alleviating, ameliorating, relieving, 
delaying onset of inhibiting progression of reducing sever 
ity of, and/or reducing incidence of one or more symptoms 
or features of disease, disorder, and/or condition provided 
herein. 

In some embodiments, inventive prophylactic and/or 
therapeutic protocols involve administering a therapeuti 
cally effective amount of one or more inventive vaccine 
nanocarriers to a Subject such that an immune response is 
modulated (e.g., stimulated in both T cells and/or B cells). 
The present invention provides novel compositions com 

prising a therapeutically effective amount of one or more 
vaccine nanocarriers and one or more pharmaceutically 
acceptable excipients. In some embodiments, the present 
invention provides for pharmaceutical compositions com 
prising inventive vaccine nanocarriers as described herein. 
The composition may include more than one type of nano 
carrier, each type having different constituents (e.g., immu 
nomodulatory agents, targeting agents, immunostimulatory 
agents, excipients, etc.). In accordance with some embodi 
ments, a method of administering a pharmaceutical compo 
sition comprising inventive compositions to a Subject (e.g. 
human) in need thereof is provided. 
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In some embodiments, a therapeutically effective amount 
of an inventive vaccine nanocarrier composition is delivered 
to a patient and/or animal prior to, simultaneously with, 
and/or after diagnosis with a disease, disorder, and/or con 
dition. In some embodiments, a therapeutic amount of an 
inventive vaccine nanocarrier composition is delivered to a 
patient and/or animal prior to, simultaneously with, and/or 
after onset of symptoms of a disease, disorder, and/or 
condition. In certain embodiments, a therapeutic amount of 
an inventive vaccine nanocarrier composition is adminis 
tered to a patient and/or animal prior to exposure to an 
infectious agent. In certain embodiments, a therapeutic 
amount of an inventive vaccine nanocarrier composition is 
administered to a patient and/or animal after exposure to an 
infectious agent. In certain embodiments, a therapeutic 
amount of an inventive vaccine nanocarrier composition is 
administered to a patient and/or animal prior to exposure to 
an addictive Substance or a toxin. In certain embodiments, a 
therapeutic amount of an inventive vaccine nanocarrier 
composition is administered to a patient and/or animal after 
exposure to an addictive Substance or a toxin. 

In some embodiments, the pharmaceutical compositions 
of the present invention are administered by a variety of 
routes, including oral, intravenous, intramuscular, intra 
arterial, intramedullary, intrathecal, Subcutaneous, intraven 
tricular, transdermal, interdermal, rectal, intravaginal, intra 
peritoneal, topical (as by powders, ointments, creams, and/or 
drops), transdermal, mucosal, nasal, buccal, enteral, Sublin 
gual; by intratracheal instillation, bronchial instillation, and/ 
or inhalation; and/or as an oral spray, nasal spray, and/or 
aerosol. In certain embodiments, the composition is admin 
istered orally. In certain embodiments, the composition is 
administered parenterally. In certain embodiments, the com 
position is administered via intramuscular injection. 

In certain embodiments, vaccine nanocarriers which delay 
the onset and/or progression of a disease, disorder, and/or 
condition (e.g., a particular microbial infection) may be 
administered in combination with one or more additional 
therapeutic agents which treat the symptoms of the disease, 
disorder, and/or condition. For example, the vaccine nano 
carriers may be combined with the use of an anti-cancer 
agent, anti-inflammatory agent, antibiotic, or anti-viral 
agent. 
The invention provides a variety of kits comprising one or 

more of the nanocarriers of the invention. For example, the 
invention provides a kit comprising an inventive nanocarrier 
and instructions for use. A kit may comprise multiple 
different nanocarriers. A kit may comprise any of a number 
of additional components or reagents in any combination. 
According to certain embodiments of the invention, a kit 
may include, for example, (i) a nanocarrier comprising at 
least one immunomodulatory agent, wherein the at least one 
immunomodulatory agent is capable of stimulating both a T 
cell and/or B cell response, at least one targeting moiety, 
and/or at least one immunostimulatory agent; (ii) instruc 
tions for administering the nanocarrier to a subject in need 
thereof. In certain embodiments, a kit may include, for 
example, (i) at least one immunomodulatory agent, wherein 
the at least one immunomodulatory agent is capable of 
stimulating both a T cell and B cell response; (ii) at least one 
targeting moiety; (iii) at least one immunostimulatory agent; 
(iv) a polymeric matrix precursor, (v) lipids and amphiphilic 
entities; (vi) instructions for preparing inventive vaccine 
nanocarriers from individual components (i)-(V). 

In some embodiments, the kit comprises an inventive 
nanocarrier and instructions for mixing. Such kits, in some 
embodiments, also include an immunostimulatory agent 
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and/or an antigen. The nanocarrier of Such kits may com 
prise an immunomodulatory agent (e.g., a T cell antigen, 
Such as a universal T cell antigen) and/or a targeting moiety. 
The T cell antigen and/or the targeting moiety may be on the 
Surface of the nanocarrier. In some embodiments, the immu 
nomodulatory agent and the antigen are the same. In some 
embodiments, they are different. 

In any of the foregoing embodiments described above, the 
word conjugated means covalently or noncovalently conju 
gated, unless the context clearly indicates otherwise. In any 
of the foregoing embodiments described above, the word 
encapsulated means physically trapped within, whether by 
admixture, by a shell Surrounding a core, by covalent 
bonding internal of the Surface of the nanocarrier, and the 
like. 

This application refers to various issued patents, pub 
lished patent applications, journal articles, and other publi 
cations, all of which are incorporated herein by reference. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1: Combined vaccine targeting strategy for optimal 
humoral and cellular immune response. The composite 
vaccine carries internal T cell antigens, adjuvants (not 
shown) and targeting moieties for DCs, FDC and SCS-Mph 
together with Surface antigen for B cell recognition. Upon 
S.c. or i.m. injection, the material reaches lymph nodes via 
draining lymph vessels and accumulates on each APC (for 
clarity, only APC-specific targeting moieties are shown, but 
each APC acquires the entire complex). DCs internalize and 
digest the complex and present antigenic peptides in MHC 
class I and class II to CD8 and CD4 T cells, respectively. The 
activated T cells differentiate into effector/memory 
(T) cells that mediate cellular immune responses. Tei, 
cells provide help to B cells that were initially stimulated by 
antigen on SCS-Mph and in the process have acquired and 
processed T cell antigens for restimulation of T. The help 
provided by T cells allows the development of a GC 
reaction during which B cells proliferate and generate high 
affinity antibodies. 

FIG. 2: SCS-Mph bind lymph-borne viral particles and 
present them to follicular B cells. (A) Immunohistochemical 
staining of the cortex of a mouse popliteal lymph node 
stained with anti-CD169 and counter-stained with wheat 
germ agglutinin. The lymph node was harvested 30 minutes 
after footpad injection of red fluorescent vesicular stomatitis 
virus (VSV). In the subcapsular sinus of the draining lymph 
node, the red virus colocalized exclusively with CD169" 
macrophages. (B) Electron micrograph of a lymph node 
macrophage (Mph) and a follicular B cell (B1) below the 
floor of the subcapsular sinus (SCSI) 30 minutes after VSV 
injection shows VSV at the surface and within a phagoly 
sosome of the Mph and at the interface between Mph and B 
cells (arrowheads). (C) Injection of VSV into the footpad of 
untreated mice (B6) results in rapid downregulation of 
Surface-expressed IgM on virus-specific B cells, a sign of B 
cell activation. Depletion of SCS-Mph after footpad injec 
tion of clodronate liposomes (CLL) abolished B cell acti 
vation, indicating that SCS-Mph are essential to present 
particulate antigen to B cells. 

FIG. 3: An exemplary liposome nanocarrier with a lipo 
philic immunomodulatory agent incorporated in the mem 
brane, and a hydrophilic immunomodulatory agent encap 
sulated within the liposome. 

FIG. 4: An exemplary nanoparticle-stabilized liposome 
nanocarrier with a lipophilic immunomodulatory agent 
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incorporated into the membrane, and a hydrophilic immu 
nomodulating agent encapsulated within the liposome. 

FIG. 5: An exemplary liposome-polymer nanocarrier with 
a lipophilic immunomodulatory agent incorporated into the 
membrane, and a hydrophobic immunomodulating agent 
encapsulated within the polymeric nanoparticle. 

FIG. 6: An exemplary nanoparticle-stabilized liposome 
polymer nanocarrier with a lipophilic immunomodulatory 
agent incorporated into the membrane, and a hydrophobic 
immunomodulating agent encapsulated within the poly 
meric nanoparticle. 

FIG. 7: An exemplary liposome-polymer nanocarrier con 
taining reverse micelles with a lipophilic immunomodula 
tory agent incorporated into the membrane, and a hydro 
philic immunomodulatory agent encapsulated within the 
reverse micelles. 

FIG. 8: An exemplary nanoparticle-stabilized liposome 
polymer nanocarrier containing reverse micelles with a 
lipophilic immunomodulatory agent incorporated into the 
membrane, and a hydrophilic immunomodulatory agent 
encapsulated inside the liposome. 

FIG. 9: An exemplary lipid-stabilized polymeric nanocar 
rier with a hydrophilic immunomodulatory agent conjugated 
to the lipid monolayer, and a hydrophobic immunomodula 
tory agent encapsulated inside the polymer core. 

FIG. 10: An exemplary lipid-stabilized polymeric nano 
carrier containing reverse micelles with a hydrophilic immu 
nomodulatory agent conjugated to the lipid monolayer, and 
a hydrophilic immunomodulatory agent encapsulated inside 
the polymer core. 

FIG. 11: Capture of lymph-borne VSV by SCS macro 
phages. (A) MP-IVM micrographs of VSV in a popliteal LN 
(numbers: minutes after footpad injection; scale bar: 100 
um). (B) VSV accumulation in a C57BL/6-->Act (EGFP) 
recipient 3 hours after injection (scale bar: 50 m). (C) 
Electron micrographs of VSV in LN 5 minutes after injec 
tion. Center micrograph is shown Schematically (left) and at 
higher magnification (right). Arrowheads identify VSV par 
ticles (scale bars: 2 um). (D) Confocal micrographs of 
VSV-draining LN (30 minutes). Scale bars: 100 um (left), 15 
um (right). (E) VSV titers in popliteal LNs 2 hours after 
injection into wildtype, C3-deficient or CLL-depleted mice. 
***: p<0.001 (two-way ANOVA, Bonferroni’s post-test). 
(F) VSV capture in DH-LMP2a mice. *: p<0.05 (unpaired 
t-test). (G) VSV titers after footpad injection in untreated 
and CLL-treated mice (one of two similar experiments; 
n=3). ProxLN: inguinal, paraaortic LNs: BrachLN: brachial 
LN. (H) Viral titers in lymph, spleen and blood after TD 
cannulation; *: p-0.05 (unpaired t-test). Horizontal bars in 
(E-H) indicate means. 

FIG. 12: Characterization of CD169 macrophages in 
peripheral LNs. (A-C) Lineage marker expression analysis 
of pooled mononuclear cells from LNs of naive C57BL/6 
mice. (A) After gating on the CD169' population (middle 
panel), cells were analyzed for expression of the two mac 
rophage-associated surface markers, I-Ab (MHC class II) 
and CD11b (bottom panel). Staining with an isotype control 
for anti-CD169 is shown in the top panel. (B) CD169"I- 
Ab"CD11b cells were further analyzed for expression of 
CD68, F4/80, CD11c, and Gr-1. Gates were drawn to 
identify marker+ cells, except for CD11c staining where the 
marker was positioned to identify conventional CD11c"." 
dendritic cells (overlay). Numbers indicate percentage of 
CD169"I-Ab"CD11b" cells under the histogram gate. Data 
are representative of 3-5 experiments with similar results. 
(C) Quantitative analyses of data in panel (B), error bars 
represent SEM. (D-G) Confocal micrographs of popliteal 
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LNs from naive C57BL/6 mice showing co-expression of 
selected markers on CD169" cells (arrowheads). Scale bars: 
125 um in the left column and 20 Lum in all other columns. 

FIG. 13: Morphological changes in popliteal LNs follow 
ing CLL treatment. (A) Confocal micrographs of popliteal 
LNs (top three rows) and spleens (bottom row) of untreated 
control mice (-CLL, left column) and animals that had 
received CLL footpad injections 6-10 days earlier. CLL 
treatment depleted CD169 macrophages in the LN (top 
row), but not in spleens; Lyve-1" medullary lymphatic 
endothelial cells (second row) and cortical CD11c' den 
dritic cells (third row) were not affected. (B) Cellular subset 
frequency in popliteal LNs with and without CLL treatment, 
data are from n=3 mice and shown as meantSEM, *: 
p-0.05, **: p-0.01; unpaired student's t-test. (C) Frequency 
of different I-Ab"CD11b leukocyte subsets in popliteal LNs 
at 6-10 days after footpad injection of 50 ul CLL. Each 
symbol represents pooled popliteal LNs from one mouse. 
Subset frequencies among total mononuclear cells in 
popliteal LNs were assessed by flow cytometry after gating 
on I-Ab--CD11b+ cells as shown in FIG. 12A. (D) Immu 
nohistochemical analysis of popliteal LNs without treatment 
(-CLL) or 7 days after footpad injection of CLL (+CLL). 
Scale bars: 300 mm. (E) Ultrastructure of the SCS in a 
representative popliteal LN 7 days after CLL treatment and 
5 minutes after footpad injection of 20 Jug VSV-IND. Note 
the complete absence of SCS macrophages and viral par 
ticles. Scale bar: 2 um. 

FIG. 14: Retention of fluorescent viruses and latex nano 
particles in popliteal LNs. (A) Confocal micrographs of 
popliteal LNs 30 minutes after footpad injection of Alexa 
568-labeledadenovirus (AdW). Frozen sections were stained 
with FITC-C-CD169 and Alexa-647-O-B220 to identify B 
cells. Scale bars: 100 um (left panel) and 15 um (right 
panel). (B) Transmission electron micrographs of AdW par 
ticles captured by a SCS macrophage. The top panel shows 
an annotated Schematic drawing of the low magnification 
overview (middle panel). The boxed area in the middle panel 
is enlarged in the lower panel, arrowheads denote electron 
dense, spherical AdW particles. Scale bars: 2 Lim (top and 
middle panel) and 1 um (lower panel). (C-D) Confocal 
micrographs of popliteal LNs from C57BL/6 mice 30 min 
utes after footpad injection of 20 ug Alexa-568 labeled 
UV-inactivated AdV (C) or VV (D). Fluorescent viruses 
accumulated in the cortical SCS above B follicles identified 
by FITC-C-B220 staining and also in the medulla where 
viruses were not only bound by CD169 macrophages, but 
also by LYVE-1" lymphatic endothelial cells. Scale bars 
indicate 125 um (left panel) and 25 um (right panel). (E) 
Confocal micrograph of a popliteal LN 30 minutes after hind 
footpad injection of Alexa-568 labeled VSV and approxi 
mately 10' Crimson Fluospheres (200 nm diameter). Fro 
Zen LN sections were counter-stained with FITC-C-CD169. 
Note that the Latex beads, unlike VSV, were poorly retained 
in draining LNs. Scale bar: 125um. 

FIG. 15: Effect of CLL footpad injection on VSV distri 
bution in draining LNs. Confocal micrographs show the 
localization of fluorescent VSV particles in popliteal LNs 
without (A) or 7 days after (B) CLL treatment. B follicles 
were identified by FITC-C-B220 staining. In the medulla 
(boxed area), VSV was bound by LYVE-1" cells that were 
not affected by CLL treatment. Scale bars: 125 um (left 
column) and 25 um (right column). 

FIG. 16: SCS macrophages present lymph-derived AdV 
to follicular B lymphocytes. (A) Confocal micrograph of 
CD169 macrophages in the SCS above a B follicle in a 
popliteal LN. Frozen sections were counterstained with 
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wheatgerm agglutinin (WGA) to identify extracellular 
matrix and with C-B220 to detect B cells. Note that some B 
cells reside in the SCS, and one B cell appears to migrate 
between the follicle and the SCS (arrowhead). Scale bar: 25 
um. (B) Electron micrograph and (C) schematic drawing of 
a SCS macrophage and Surrounding cells in a popliteal LN 
30 minutes after footpad injection of AdW. Scale bar: 2 um. 
The boxes drawn in (C) indicate areas of higher magnifica 
tion shown in panels (D) and (E). These panels show two 
examples of AdW particles at the interface between the SCS 
macrophage and B cells (arrowheads). Asterisks denote 
other macrophage-associated Adv. particles. Scale bars: 500 

. 

FIG. 17: Macrophage-mediated transfer of lymph-borne 
VSV across the SCS floor alters virus-specific B cell behav 
ior. (A) Electron micrographs and Schematic drawing 
(middle) showing a macrophage penetrating the SCS floor of 
a popliteal LN 30 minutes after VSV injection. Scale bars: 
10 um (left) and 2 um (right). Arrow: vacuole with digested 
VSV. Arrowheads: virions in contact zone between macro 
phage and B cells. (B) MP-IVM of polyclonal and 
VI10YEN B cells in popliteal LNs. Scale bars: 50 um. (C) 
Regional ratios of VI10YEN B cells/control B cells follow 
ing VSV injection. Results are from 3 movies/group. (D.E) 
Localization of VI10YEN B cells in popliteal LNs relative 
to the SCS. **:p<0.01 (one-way ANOVA with Bonferroni’s 
post-test). 

FIG. 18: Characteristics of VSV serotypes and VSV-IND 
specific VI10YEN B cells. (A) SDS-PAGE gels (12%) of 
purified VSV lysates. Top: VSV-IND and VSV-NJ. The N 
and P proteins co-migrate in VSV-NJ, approximate molecu 
lar weights are shown in parentheses. (B) Binding of Alexa 
488 labeled VSV-IND (middle row) or VSV-NJ (bottom 
row) to B cells from C57BL/6 mice (left column) or 
VI 10YEN mice (right column). The upper row shows con 
trol staining with the anti-idiotypic antibody 35.61 to the 
VI10YEN BCR (Dang and Rock, 1991, J. Immunol., 146: 
3273). (C) Intracellular calcium flux in CD43's purified, 
Fluo-LOJO loaded B cells from VI.10YEN mice (upper row) 
or C57BL/6 mice (lower row). Events were collected con 
tinuously over time, asterisks indicate the timepoint when 
antibodies or virus were added. Virus particles were used at 
1000/B cell, anti-IgM-(Fab) at 10 g/10 B cells. (D) 
Neutralization assay for total Ig and IgG in serum of 
C57BL/6 mice 4 and 10 days after immunization by footpad 
injection of 10 ug UV-VSV or UV-VSV-AlexaFluor-488 
IND. (E) Calcium flux in VI10YEN B cells exposed to 
supernatant from VSV stocks. Supernatant was generated by 
ultracentrifugation through a Sucrose cushion resulting in 
approximately 10,000-fold reduction in viral titers and was 
used on B cells either undiluted (top right) or at 1:100 
dilution (bottom right). As a control, VSV stock solution was 
diluted to equivalent viral titers (MOI; left panels). The 
results demonstrate the presence of antigenic VSV-G that is 
not associated with virus particles in our virus preparation. 

FIG. 19: VSV-induced adhesion of VI1 OYEN B cells to 
ICAM-1 and VCAM-1. (A,B) Adhesion of purified naive 
and VSV-IND activated (30 minute exposure) VI10YEN B 
cells to plastic plates coated with the indicated concentra 
tions of recombinant ICAM-1-Fc (A) or VCAM-1-Fc (B). 
Pooled data of two triplicate experiments are shown. Hori 
Zontal bars represent means. (C, D) Confocal micrographs of 
ICAM-1 and VCAM-1 expression in popliteal LNs of 
C57BL/6 mice. Scale bars: 50 (E) Adhesion of purified naive 
wildtype and VI1 OYEN B cells to plastic dishes coated with 
the indicated pfu-equivalent concentrations of UV-inacti 
vated VSV-IND. Data represent means-SEM of triplicates. 
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FIG. 20: SCS macrophages are required for early activa 

tion of VSV-specific B cells in LNs. (A) Confocal micro 
graph shows MHC-II colocalization with VSV-IND (30 
minutes after injection) in VI10YENxMHCII(EGFP) B cells 
at the SCS (arrowhead), not the deep follicle (asterisk). 
Scale bar: 25 um. (B) Distance of VSV-associated and 
VSV-free VI10YENxMHCII(EGFP) B cells to the SCS. 
Horizontal lines: medians. (C) BCR expression kinetics on 
VI10YEN and (D) polyclonal B cells after VSV-IND foot 
pad injection. (E) BCR expression on VI 1 OYEN cells in 
CLL-treated or untreated popliteal LNs after VSV-IND 
injection (20 Jug). Mean fluorescence intensities were nor 
malized to virus-free values (dashed line). Means-SEM (3-5 
mice). (F) Confocal micrograph of VI10YEN B cells in 
control and (G) CLL-treated popliteal LNs 6 hours after 
VSV-IND injection (0.4 ug). Scale bar: 125 um. (H) 
VI10YEN B cell frequency at TVB borders and in follicles 6 
hours after VSV-IND injection at indicated doses. 
Means-SEM; n=3-4 follicles/2 mice; *: p<0.05; **: p<0.01; 
***: p<0.001 (t-test). 

FIG. 21: VI.10YEN B cell motility in draining LNs 
following virus injection. Median 3D instantaneous veloci 
ties of wildtype (triangles) and VI1OYEN B cells (circles) in 
deep follicles and the SCS/superficial follicle about 5-35 
min after VSV footpad injection. Horizontal bars represent 
means; *: p<0.05; *: p<0.01 (one-way ANOVA with Bon 
ferroni’s post test). Note that specific B cells slow down 
throughout the entire follicle, likely as a consequence of free 
VSV-G in our preparation (see FIG. 18). Control experi 
ments showed similar B cell motility parameters in CLL 
treated and nontreated popLNs. 

FIG. 22: Timecourse of activation marker induction on 
VI1OYEN B cells in virus-draining and non-draining LNs 
following injection of VSV-IND. VI10YEN B cells were 
fluorescently tagged with CMTMR and transferred to naive 
mice that were injected 18 hours later with 20 ug UV 
inactivated VSV-IND (time 0 hours). The draining popliteal 
LN (popLN) and a distal brachial LN (brachLN) were 
harvested after the indicated time intervals to generate 
single-cell suspensions. CD69 and CD86 expression on B 
cells was assessed by flow cytometry after gating on (A) 
B220"CMTMRVI10YEN cells or (B) B220"CMTMR 
endogenous control B cells. 

FIG. 23: Confocal (left and middle columns) and MP 
IVM micrographs (right column) of popliteal LNs of mice 
that had received adoptive transfers of a mixture of 
CMTMR-labeled VI1 OYEN B cells and CMAC-labeled 
polyclonal B cells (in the right column). On the following 
day, 20 ug UV-inactivated VSV-IND was injected in a 
footpad and the draining popliteal LNs were either Surgi 
cally prepared for MP-IVM or harvested for confocal analy 
sis of frozen sections at the indicated time points. MP-IVM 
images show that VSV-specific, but not polyclonal B cells 
made contact with VSV in the SCS as early as 30 minutes 
after virus injection. VI.10YEN B cells relocated to the T/B 
border at 6 hours following injection. Scale bars: 150 um in 
the left column and 25 um in the other columns. 

FIG. 24: In vivo targeting of SCS-Mph using Fc frag 
ments from human IgG. (A) The FACS histograms on the 
left document the binding of fluorescent PEG-PLGA nano 
particles (~100 nm diameter) to lymph node macrophages. 
(B) Fc-nanoparticle (NP) targets SCS-Mph and follicular 
dendritic cells. 

FIG. 25: Identification of the chemokine receptor 
CX3CR1 (fractalkine receptor) on macrophages in lymph 
node Subcapsular sinus (SCS), but not in macrophages in the 
medulla. The micrograph on the right is a 3D projection of 
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a lymph node from a double-knockin mouse where green 
fluorescent protein (GFP) is expressed in the CX3CR1 
locus, while red fluorescent protein (RFP) reports the 
expression of another chemokine receptor, CCR2. SCS-Mph 
are readily identifiable by their prominent green fluores 
cence, while medullary macrophages express primarily RFP. 

FIG. 26: SCS-Mph express the chemokine receptor 
CX3CR1. The graph shows a FACS plot of a single cell 
Suspension from a lymph node of a knockin mouse that was 
genetically engineered to express GFP from the CX3CR1 
locus. SCS-Mphs are identified by staining with a soluble 
receptor, CRFc, which binds macrophages in the SCS, but 
not the medulla. The CRFc negative CX3CR1-expressing 
(i.e., GFP-high) cells are conventional dendritic cells that 
express this chemokine receptor. 

FIG. 27: Fluorescent micrographs of frozen sections from 
mouse popliteal lymph nodes 24 h after footpad injection of 
0.2 um diameter Latex beads surface modified with either 
amine (left and middle panel) or carboxy moieties (right 
panel). Both sets of beads were purchased from Invitrogen 
(Cat. no. F8763 and F8805). Sections on left and right were 
counterstained with anti-CD169. Images are oriented so that 
the medulla (weak, diffuse staining with anti-CD169) faces 
to the right and the subcapsular sinus (SCS) region (bright 
anti-CD169) faces to the left. Note that the red amine 
modified particles prominently localize to the SCS, while 
blue carboxy modified beads are primarily retained in the 
medulla. 

FIG. 28: (A) Antigen-bearing targeted nanoparticles are 
highly immunogenic and induce high antibody titers. (B) 
The induced immune response elicited by nanoparticle vac 
cines confers potent protection from a lethal dose of VSV. 

FIG. 29: In vivo T cell activation by immunomodulatory 
nanoparticles. (A) Effect of NPs on CD4 T cell activation. 
(B) Effect of NPs on CD8 T cell response mixed with CpG 
adjuvant (TLR9 agonist). (C) Effect of co-encapsulated 
adjuvant on CD8 T cell activation. 

FIG. 30: Shows an exemplary nicotine conjugation strat 
egy. 

FIG. 31: Shows an exemplary R848 conjugation strategy. 

DEFINITIONS 

Abused substance: As used herein, the term “abused 
Substance' is any Substance taken by a subject (e.g., a 
human) for purposes other than those for which it is indi 
cated or in a manner or in quantities other than directed by 
a physician. In some embodiments, the abused Substance is 
a drug, such as an illegal drug. In certain embodiments, the 
abused Substance is an over-the-counter drug. In some 
embodiments, the abused Substance is a prescription drug. 
The abused substance, in some embodiments, is an addictive 
Substance. In some embodiments, the abused Substance has 
mood-altering effects, and, therefore, includes inhalants and 
Solvents. In other embodiments, the abused Substance is one 
that has no mood-altering effects or intoxication properties, 
and, therefore, includes anabolic steroids. Abused sub 
stances include, but are not limited to, cannabinoids (e.g., 
hashish, marijuana), depressants (e.g., barbituates, benodi 
azepines, flunitrazepam (Rohypnol), GHB, methaqualone 
(quaaludes)), dissociative anesthetics (e.g., ketamine, PCP), 
hallucinogens (e.g., LSD, mescaline, psilocybin), opioids 
and morphine derivatives (e.g., codeine, fentanyl, heroin, 
morphine, opium), stimulants (amphetamine, cocaine, 
Ecstacy (MDMA), methamphetamine, methylphenidate 
(Ritalin), nicotine), anabolic steriods, and inhalants. In some 
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embodiments, the abused Substance for inclusion in a nano 
carrier is the complete molecule or a portion thereof. 

Addictive substance: As used herein, the term “addictive 
Substance' is a Substance that causes obsession, compulsion, 
or physical dependence or psychological dependence. In 
Some embodiments, the addictive Substance is an illegal 
drug. In other embodiment, the addictive Substance is an 
over-the-counter drug. In still other embodiments, the addic 
tive Substance is a prescription drug. Addictive substances 
include, but are not limited to, cocaine, heroin, marijuana, 
methamphetamines, and nicotine. In some embodiments, the 
addictive Substance for inclusion in a nanocarrier is the 
complete molecule or a portion thereof. 
Amino acid: As used herein, term "amino acid.” in its 

broadest sense, refers to any compound and/or Substance 
that can be incorporated into a polypeptide chain. In some 
embodiments, an amino acid has the general structure 
HN C(H)(R)—COOH. In some embodiments, an amino 
acid is a naturally-occurring amino acid. In some embodi 
ments, an amino acid is a synthetic amino acid; in some 
embodiments, an amino acid is a D-amino acid; in some 
embodiments, an amino acid is an L-amino acid. "Standard 
amino acid' or “natural amino acid refers to any of the 
twenty standard L-amino acids commonly found in naturally 
occurring peptides. "Nonstandard amino acid refers to any 
amino acid, other than the standard amino acids, regardless 
of whether it is prepared synthetically or obtained from a 
natural source. As used herein, “non-natural amino acid 
encompasses chemically produced or modified amino acids, 
including but not limited to salts, amino acid derivatives 
(such as amides), and/or substitutions. Amino acids, includ 
ing carboxy- and/or amino-terminal amino acids in peptides, 
can be modified by methylation, amidation, acetylation, 
and/or Substitution with other chemical groups that can 
change the peptide's circulating half-life without adversely 
affecting their activity. Amino acids may participate in a 
disulfide bond. The term "amino acid is used interchange 
ably with “amino acid residue.” and may refer to a free 
amino acid and/or to an amino acid residue of a peptide. It 
will be apparent from the context in which the term is used 
whether it refers to a free amino acid or a residue of a 
peptide. 

Animal: As used herein, the term “animal' refers to any 
member of the animal kingdom. In some embodiments, 
"animal' refers to humans, at any stage of development. In 
Some embodiments, “animal' refers to non-human animals, 
at any stage of development. In certain embodiments, the 
non-human animal is a mammal (e.g., a rodent, a mouse, a 
rat, a rabbit, a monkey, a dog, a cat, a sheep, cattle, a primate, 
and/or a pig). In some embodiments, animals include, but 
are not limited to, mammals, birds, reptiles, amphibians, 
fish, and/or worms. In some embodiments, an animal may be 
a transgenic animal, genetically-engineered animal, and/or a 
clone. 

Antibody: As used herein, the term “antibody” refers to 
any immunoglobulin, whether natural or wholly or partially 
synthetically produced. All derivatives thereof which main 
tain specific binding ability are also included in the term. 
The term also covers any protein having a binding domain 
which is homologous or largely homologous to an immu 
noglobulin binding domain. Such proteins may be derived 
from natural Sources, or partly or wholly synthetically 
produced. An antibody may be monoclonal or polyclonal. 
An antibody may be a member of any immunoglobulin 
class, including any of the human classes: IgG, IgM, IgA, 
Ig), and IgE. As used herein, the terms “antibody fragment' 
or “characteristic portion of an antibody' are used inter 
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changeably and refer to any derivative of an antibody which 
is less than full-length. An antibody fragment can retain at 
least a significant portion of the full-length antibody’s 
specific binding ability. Examples of Such antibody frag 
ments include, but are not limited to, Fab, Fab'. F(ab')2. 
sch v. Fv, dsEV diabody, and Fd fragments. Antibody frag 
ment also include Fc fragments. An antibody fragment may 
be produced by any means. For example, an antibody 
fragment may be enzymatically or chemically produced by 
fragmentation of an intact antibody and/or it may be recom 
binantly produced from a gene encoding the partial antibody 
sequence. Alternatively or additionally, an antibody frag 
ment may be wholly or partially synthetically produced. An 
antibody fragment may optionally comprise a single chain 
antibody fragment. Alternatively or additionally, an anti 
body fragment may comprise multiple chains which are 
linked together, for example, by disulfide linkages. An 
antibody fragment may optionally comprise a multimolecu 
lar complex. A functional antibody fragment will typically 
comprise at least about 50 amino acids and more typically 
will comprise at least about 200 amino acids. 

Approximately: As used herein, the terms “approxi 
mately” or “about in reference to a number are generally 
taken to include numbers that fall within a range of 5%, 
10%, 15%, or 20% in either direction (greater than or less 
than) of the number unless otherwise stated or otherwise 
evident from the context (except where such number would 
be less than 0% or exceed 100% of a possible value). 

Associated with: As used herein, the term “associated 
with refers to the state of two or more entities which are 
linked by a direct or indirect covalent or non-covalent 
interaction. In some embodiments, an association is cova 
lent. In some embodiments, a covalent association is medi 
ated by a linker moiety. In some embodiments, an associa 
tion is non-covalent (e.g., charge interactions, affinity 
interactions, metal coordination, physical adsorption, host 
guest interactions, hydrophobic interactions, TT stacking 
interactions, hydrogen bonding interactions, van der Waals 
interactions, magnetic interactions, electrostatic interac 
tions, dipole-dipole interactions, etc.). For example, in some 
embodiments, an entity (e.g., immunomodulatory agent, 
targeting moiety, immunostimulatory agent, nanoparticle, 
etc.) may be covalently associated with a vaccine nanocar 
rier. In some embodiments, an entity (e.g., immunomodu 
latory agent, targeting moiety, immunostimulatory agent, 
nanoparticle, etc.) may be non-covalently associated with a 
vaccine nanocarrier. For example, the entity may be asso 
ciated with the surface of, encapsulated within, surrounded 
by, and/or distributed throughout a lipid bilayer, lipid mono 
layer, polymeric matrix, etc. of an inventive vaccine nano 
carrier. 

Biocompatible: As used herein, the term “biocompatible' 
refers to Substances that are not toxic to cells. In some 
embodiments, a substance is considered to be “biocompat 
ible' if its addition to cells in vivo does not induce inflam 
mation and/or other adverse effects in vivo. In some embodi 
ments, a substance is considered to be “biocompatible' if its 
addition to cells in vitro or in vivo results in less than or 
equal to about 50%, about 45%, about 40%, about 35%, 
about 30%, about 25%, about 20%, about 15%, about 10%, 
about 5%, or less than about 5% cell death. 

Biodegradable: As used herein, the term “biodegradable' 
refers to Substances that are degraded under physiological 
conditions. In some embodiments, a biodegradable Sub 
stance is a Substance that is broken down by cellular 
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machinery. In some embodiments, a biodegradable Sub 
stance is a Substance that is broken down by chemical 
processes. 
B cell antigen: As used herein, the term “B cell antigen” 

refers to any antigen that is recognized by and triggers an 
immune response in a B cell. In some embodiments, an 
antigen that is a B cell antigen is also a T cell antigen. In 
certain embodiments, the B cell antigen is not also a T cell 
antigen. In certain embodiments, when a nanocarrier, as 
provided herein, comprises both a B cell antigen and a T cell 
antigen, the B cell antigen and T cell antigen are not the 
same antigen, although each of the B cell and T cell antigens 
may be, in Some embodiments, both a B cell antigen and a 
T cell antigen. In other embodiments, the B cell antigen and 
T cell antigen of the nanocarrier are the same. 

Cell type: As used herein, the term "cell type” refers to a 
form of cell having a distinct set of morphological, bio 
chemical, and/or functional characteristics that define the 
cell type. One of skill in the art will recognize that a cell type 
can be defined with varying levels of specificity. For 
example, T cells and B cells are distinct cell types, which can 
be distinguished from one another but share certain features 
that are characteristic of the broader “lymphocyte” cell type 
of which both are members. Typically, cells of different 
types may be distinguished from one another based on their 
differential expression of a variety of genes which are 
referred to in the art as “markers' of a particular cell type or 
types (e.g., cell types of a particular lineage). In some 
embodiments, cells of different types may be distinguished 
from one another based on their differential functions. A 
“cell type-specific marker” is a gene product or modified 
version thereof that is expressed at a significantly greater 
level by one or more cell types than by all or most other cell 
types and whose expression is characteristic of that cell type. 
Many cell type specific markers are recognized as such in 
the art. 

Hazardous environmental agent: As used herein, the term 
"hazardous environmental agent” refers to any hazardous 
Substance found in the environment. Such substances are 
generally believed to pose a health risk. Hazardous envi 
ronmental agents include Substances that are thought to pose 
a health risk even though they may not actually pose a risk. 
Hazardous environmental agents include, but are not limited 
to, arsenic, lead, mercury, vinyl chloride, polychlorinated 
biphenyls, benzene, polycyclic aromatic hydrocarbons, cad 
mium, benzo(a)pyrene, benzo(b)fluoranthene, chloroform, 
DDT, PP-, aroclor 1254, aroclor 1260, dibenzo(a.h)anthra 
cene, trichloroethylene, dieldrin, chromium hexavalent, and 
DDE, PP". In some embodiments, the hazardous environ 
mental agent for inclusion in a nanocarrier is the complete 
molecule or a portion thereof. 

In vitro: As used herein, the term “in vitro” refers to 
events that occur in an artificial environment, e.g., in a test 
tube or reaction vessel, in cell culture, etc., rather than within 
an organism (e.g., animal, plant, and/or microbe). 

In vivo: As used herein, the term “in vivo” refers to events 
that occur within an organism (e.g., animal, plant, and/or 
microbe). 

Immunostimulatory agent: As used herein, the term 
“immunostimulatory agent” refers to an agent that modu 
lates an immune response to an antigen but is not the antigen 
or derived from the antigen. “Modulate', as used herein, 
refers to inducing, enhancing, Suppressing, directing, or 
redirecting an immune response. Such agents include immu 
nostimulatory agents that stimulate (or boost) an immune 
response to an antigen but, as defined above, is not the 
antigen or derived from the antigen. Immunostimulatory 
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agents, therefore, include adjuvants. In some embodiments, 
the immunostimulatory agent is on the Surface of the nano 
carrier and/or is encapsulated within the nanocarrier. In 
Some embodiments, the immunostimulatory agent on the 
surface of the nanocarrier is different from the immunos 
timulatory agent encapsulated within the nanocarrier. In 
Some embodiments, the nanocarrier comprises more than 
one type of immunostimulatory agent. In some embodi 
ments, the more than one type of immunostimulatory agent 
act on different pathways. Examples of immunostimulatory 
agents include those provided elsewhere herein. 

Nucleic acid: As used herein, the term “nucleic acid,” in 
its broadest sense, refers to any compound and/or Substance 
that is or can be incorporated into an oligonucleotide chain. 
In some embodiments, a nucleic acid is a compound and/or 
Substance that is or can be incorporated into an oligonucle 
otide chain via a phosphodiester linkage. In some embodi 
ments, “nucleic acid refers to individual nucleic acid resi 
dues (e.g., nucleotides and/or nucleosides). In some 
embodiments, “nucleic acid refers to an oligonucleotide 
chain comprising individual nucleic acid residues. As used 
herein, the terms "oligonucleotide' and “polynucleotide' 
can be used interchangeably. In some embodiments, 
“nucleic acid encompasses RNA as well as single and/or 
double-stranded DNA and/or cDNA. Furthermore, the terms 
“nucleic acid”, “DNA”, “RNA, and/or similar terms 
include nucleic acid analogs, i.e., analogs having other than 
a phosphodiester backbone. For example, the so-called 
"peptide nucleic acids, which are known in the art and have 
peptide bonds instead of phosphodiester bonds in the back 
bone, are considered within the scope of the present inven 
tion. The term “nucleotide sequence encoding an amino acid 
sequence' includes all nucleotide sequences that are degen 
erate versions of each other and/or encode the same amino 
acid sequence. Nucleotide sequences that encode proteins 
and/or RNA may include introns. Nucleic acids can be 
purified from natural sources, produced using recombinant 
expression systems and optionally purified, chemically Syn 
thesized, etc. Where appropriate, e.g., in the case of chemi 
cally synthesized molecules, nucleic acids can comprise 
nucleoside analogs such as analogs having chemically modi 
fied bases or Sugars, backbone modifications, etc. A nucleic 
acid sequence is presented in the 5' to 3’ direction unless 
otherwise indicated. The term “nucleic acid segment' is 
used herein to refer to a nucleic acid sequence that is a 
portion of a longer nucleic acid sequence. In many embodi 
ments, a nucleic acid segment comprises at least 3, 4, 5, 6, 
7, 8, 9, 10, or more residues. In some embodiments, a 
nucleic acid is or comprises natural nucleosides (e.g., 
adenosine, thymidine, guanosine, cytidine, uridine, deoxy 
adenosine, deoxythymidine, deoxyguanosine, and deoxycy 
tidine); nucleoside analogs (e.g., 2-aminoadenosine, 2-thio 
thymidine, inosine, pyrrolo-pyrimidine, 3-methyl 
adenosine, 5-methylcytidine, C-5 propynyl-cytidine, C-5 
propynyl-uridine, 2-aminoadenosine, C5-bromouridine, 
C5-fluorouridine, C5-iodouridine, C5-propynyl-uridine, 
C5-propynylcytidine, C5-methylcytidine, 2-aminoadenos 
ine, 7-deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 
8-oxoguanosine, O(6)-methylguanine, and 2-thiocytidine); 
chemically modified bases; biologically modified bases 
(e.g., methylated bases); intercalated bases; modified Sugars 
(e.g., 2'-fluororibose, ribose, 2'-deoxyribose, arabinose, and 
hexose); and/or modified phosphate groups (e.g., phospho 
rothioates and 5'-N-phosphoramidite linkages). 

Particle: As used herein, a “particle' refers to any entity 
having a diameter of less than 10 microns (Lm). Typically, 
particles have a longest dimension (e.g., diameter) of 1000 
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nm or less. In some embodiments, particles have a diameter 
of 300 nm or less. Particles include microparticles, nano 
particles, and picoparticles. In some embodiments, nanopar 
ticles have a diameter of 200 nm or less. In some embodi 
ments, nanoparticles have a diameter of 100 nm or less. In 
Some embodiments, nanoparticles have a diameter of 50 nm 
or less. In some embodiments, nanoparticles have a diameter 
of 30 nm or less. In some embodiments, nanoparticles have 
a diameter of 20 nm or less. In some embodiments, nano 
particles have a diameter of 10 nm or less. In some embodi 
ments, particles can be a matrix of polymers. In some 
embodiments, particles can be a non-polymeric particle 
(e.g., a metal particle, quantum dot, ceramic, inorganic 
material, bone, etc.). Particles may also be liposomes and/or 
micelles. As used herein, the term “nanoparticle' refers to 
any particle having a diameter of less than 1000 nm. The 
nanocarriers of the compositions provided herein, in some 
embodiments, have a mean geometric diameter that is less 
than 500 nm. In some embodiments, the nanocarriers have 
mean geometric diameter that is greater than 50 nm but less 
than 500 nm. In some embodiments, the mean geometric 
diameter of a population of nanocarriers is about 60 nm, 75 
nm, 100 nm, 125 nm, 150 nm, 175 nm, 200 nm, 225 nm, 250 
nm, 275 nm, 300 nm, 325 nm, 350 nm, 375 nm, 400 nm, 425 
nm, 450 nm, or 475 nm. In some embodiments, the mean 
geometric diameter is between 100-400 nm, 100-300 nm, 
100-250 nm, or 100-200 nm. In some embodiments, the 
mean geometric diameter is between 60-400 nm, 60-350 nm, 
60-300 nm, 60-250 nm, or 60-200 nm. In some embodi 
ments, the mean geometric diameter is between 75-250 nm. 
In some embodiments, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or more of the nanocarriers of a population of nano 
carriers have a diameter that is less than 500 nM. In some 
embodiments, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%, or more of the nanocarriers of a population of nano 
carriers have a diameter that is greater than 50 nm but less 
than 500 nm. In some embodiments, 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, or more of the nanocarriers of 
a population of nanocarriers have a diameter of about 60 nm, 
75 nm, 100 nm, 125 nm, 150 nm, 175 nm, 200 nm, 225 nm, 
250 nm, 275 nm, 300 nm, 325 nm, 350 nm, 375 nm, 400 nm, 
425 nm, 450 nm, or 475 nm. In some embodiments, 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more of the 
nanocarriers of a population of nanocarriers have a diameter 
that is between 100-400 nm, 100-300 nm, 100-250 nm, or 
100-200 nm. In some embodiments, 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, or more of the nanocarriers of 
a population of nanocarriers have a diameter that is between 
60-400 nm, 60-350 nm, 60-300 nm, 60-250 nm, or 60-200 

. 

Poorly immunogenic antigen. As used herein, the term 
“poorly immunogenic antigen” refers to an antigen that does 
not trigger any or a Sufficient level of a desired immune 
response. “Sufficient’, as used herein, refers to the ability to 
elicit a detectable or protective immune response when 
administered in a composition that does not employ a 
nanocarrier described herein, e.g., as free antigen mixed 
with adjuvant in the absence of a nanocarrier. In some 
embodiments, the desired immune response is to treat or 
prevent a disease or condition. In certain embodiments, the 
desired immune response is to alleviate one or more symp 
toms of a disease or condition. Poorly immunogenic anti 
gens include, but are not limited to, self antigens, Small 
molecules, and carbohydrates. 

Self antigen: As used herein, the term “self antigen” refers 
to a normal Substance in the body of an animal that when an 
immune response against the antigen within the animal is 
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triggered, autoimmunity (e.g., an autoimmune disease) can 
result. A self antigen can be a protein or peptide, lipoprotein, 
lipid, carbohydrate, or a nucleic acid. The nucleic acid can 
be a DNA or RNA. Self antigens include, but are not limited 
to enzymes, structural proteins, secreted proteins, cell Sur 
face receptors, and cytokines. In some embodiments, the self 
antigen is a cytokine, and the cytokine is TNF, IL-1, or IL-6. 
In some embodiments, the self antigen is cholesteryl ester 
transfer protein (CETP), a serum protein responsible for 
cholesterol transfer from high-density lipoprotein (HDL) to 
low-density lipoprotein cholesterol (LDL), the AB protein 
associated with Alzheimer's, a proteolytic enzyme that pro 
cesses the pathological form of the AB protein, LDL asso 
ciated with atherosclerosis, or a coreceptor for HIV-1. In 
Some embodiments, the proteolytic enzyme that processes 
the pathological form of the AB protein is beta-secretase. In 
some embodiments, the LDL associated with atherosclerosis 
is oxidized or minimally modified. In some embodiments, 
the coreceptor for HIV-1 is CCR5. 

Small molecule: In general, a “small molecule' is under 
stood in the art to be an organic molecule that is less than 
about 2000 g/mol in size. In some embodiments, the small 
molecule is less than about 1500 g/mol or less than about 
1000 g/mol. In some embodiments, the small molecule is 
less than about 800 g/mol or less than about 500 g/mol. In 
Some embodiments, Small molecules are non-polymeric 
and/or non-oligomeric. In some embodiments, Small mol 
ecules are not proteins, peptides, or amino acids. In some 
embodiments, Small molecules are not nucleic acids or 
nucleotides. In some embodiments, Small molecules are not 
saccharides or polysaccharides. 

Specific binding: As used herein, the term "specific bind 
ing refers to non-covalent physical association of a first and 
a second moiety wherein the association between the first 
and second moieties is at least 2 times as strong, at least 5 
times as strong as, at least 10 times as strong as, at least 50 
times as strong as, at least 100 times as strong as, or stronger 
than the association of either moiety with most or all other 
moieties present in the environment in which binding 
occurs. Binding of two or more entities may be considered 
specific if the equilibrium dissociation constant, K is 10 
M or less, 10 Morless, 10M or less, 10M or less, 107 
M or less, 10 M or less, 10 M or less, 10' M or less, 
10' M or less, or 10' M or less under the conditions 
employed, e.g., under physiological conditions such as those 
inside a cell or consistent with cell survival. In some 
embodiments, specific binding can be accomplished by a 
plurality of weaker interactions (e.g., a plurality of indi 
vidual interactions, wherein each individual interaction is 
characterized by a K of greater than 10M). In some 
embodiments, specific binding, which can be referred to as 
"molecular recognition,” is a Saturable binding interaction 
between two entities that is dependent on complementary 
orientation of functional groups on each entity. Examples of 
specific binding interactions include aptamer-aptamer target 
interactions, antibody-antigen interactions, avidin-biotin 
interactions, ligand-receptor interactions, metal-chelate 
interactions, hybridization between complementary nucleic 
acids, etc. 

Subject: As used herein, the term “subject' or “patient’ 
refers to any organism to which a composition of this 
invention may be administered, e.g., for experimental, diag 
nostic, and/or therapeutic purposes. Typical Subjects include 
animals (e.g., mammals such as mice, rats, rabbits, non 
human primates, and humans) and/or plants. 

Suffering from: An individual who is “suffering from a 
disease, disorder, and/or condition has been diagnosed with, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

38 
can be diagnosed with, or displays one or more symptoms of 
the disease, disorder, and/or condition. 

Susceptible to: An individual who is “susceptible to a 
disease, disorder, and/or condition has not been diagnosed 
with and/or may not exhibit symptoms of the disease, 
disorder, and/or condition. In some embodiments, a disease, 
disorder, and/or condition is associated with a microbial 
infection (e.g., bacterial infection, viral infection, fungal 
infection, parasitic infection, etc.). In some embodiments, an 
individual who is susceptible to a microbial infection may be 
exposed to a microbe (e.g., by ingestion, inhalation, physical 
contact, etc.). In some embodiments, an individual who is 
Susceptible to a microbial infection may be exposed to an 
individual who is infected with the microbe. In some 
embodiments, an individual who is susceptible to a micro 
bial infection is one who is in a location where the microbe 
is prevalent (e.g., one who is traveling to a location where 
the microbe is prevalent). In some embodiments, an indi 
vidual who is Susceptible to a disease, disorder, and/or 
condition will develop the disease, disorder, and/or condi 
tion. In some embodiments, an individual who is Susceptible 
to a disease, disorder, and/or condition will not develop the 
disease, disorder, and/or condition. In some embodiments, 
the Subject has or is susceptible to having cancer, an infec 
tious disease, a non-autoimmune metabolic or degenerative 
disease, or an addiction. In some embodiments, the Subject 
has or is susceptible to having a bacterial, fungal, protozoan, 
parisitic, or viral infection. The cause of Such infection can 
be any of the organisms as provided herein. In some 
embodiments, the subject has or is susceptible to tubercu 
losis, malaria, leishmaniasis, H. pylori, a Staphylococcus 
infection, or a Salmonella infection. In some embodiments, 
the Subject has or is susceptible to having influenza. In some 
embodiments, the Subject has or is Susceptible to an auto 
immune disease, an allergy, or asthma. 
T cell antigen: As used herein, the term “T cell antigen” 

refers to any antigen that is recognized by and triggers an 
immune response in a T cell (e.g., an antigen that is 
specifically recognized by a T cell receptor on a T cell via 
presentation of the antigen or portion thereof bound to a 
major histocompatiability complex molecule (MHC). In 
Some embodiments, an antigen that is a T cell antigen is also 
a B cell antigen. In other embodiments, the T cell antigen is 
not also a B cell antigen. T cells antigens generally are 
proteins or peptides. T cell antigens may be an antigen that 
stimulates a CD8+ T cell response, a CD4+ T cell response, 
or both. The nanocarriers, therefore, in some embodiments 
can effectively stimulate both types of responses. 

Target: As used herein, the term “target' or “marker” 
refers to any entity that is capable of specifically binding to 
a particular targeting moiety. In some embodiments, targets 
are specifically associated with one or more particular tissue 
types. In some embodiments, targets are specifically asso 
ciated with one or more particular cell types. For example, 
a cell type specific marker is typically expressed at levels at 
least 2 fold greater in that cell type than in a reference 
population of cells. In some embodiments, the cell type 
specific marker is present at levels at least 3 fold, at least 4 
fold, at least 5 fold, at least 6 fold, at least 7 fold, at least 8 
fold, at least 9 fold, at least 10 fold, at least 50 fold, at least 
100 fold, or at least 1000 fold greater than its average 
expression in a reference population. Detection or measure 
ment of a cell type specific marker may make it possible to 
distinguish the cell type or types of interest from cells of 
many, most, or all other types. In some embodiments, a 
target can comprise a protein, a carbohydrate, a lipid, and/or 
a nucleic acid, as described herein. 
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Targeted: A substance is considered to be “targeted for 
the purposes described herein if it specifically binds to a 
target. In some embodiments, a targeting moiety specifically 
binds to a target under Stringent conditions. An inventive 
nanocarrier, such as a vaccine nanocarrier, comprising a 
targeting moiety is considered to be “targeted if the target 
ing moiety specifically binds to a target, thereby delivering 
the entire nanocarrier to a specific organ, tissue, cell, and/or 
subcellular locale. 

Targeting moiety: As used herein, the term “targeting 
moiety' refers to any moiety that binds to a component of a 
cell. In some embodiments, the targeting moiety specifically 
binds to a component of a cell. Such a component is referred 
to as a “target' or a “marker.” A targeting moiety may be a 
polypeptide, glycoprotein, nucleic acid, Small molecule, 
carbohydrate, lipid, etc. In some embodiments, a targeting 
moiety is an antibody or characteristic portion thereof. In 
Some embodiments, a targeting moiety is a receptor or 
characteristic portion thereof. In some embodiments, a tar 
geting moiety is a ligand or characteristic portion thereof. In 
Some embodiments, a targeting moiety is a nucleic acid 
targeting moiety (e.g., an aptamer) that binds to a cell type 
specific marker. In some embodiments, a targeting moiety is 
a Small molecule. The targeting moiety in Some embodi 
ments is on the surface of the nanocarrier. In other embodi 
ments, the targeting moiety is encapsulated within the nano 
carrier. In still other embodiments, the targeting moiety is 
associated with the nanocarrier. In some embodiments, the 
targeting moiety is covalently associated with the nanocar 
rier. In other embodiments, the targeting moiety is non 
covalently associated with the nanocarrier. In yet other 
embodiments, the targeting moiety binds a receptor 
expressed on the Surface of a cell. The targeting moiety, in 
Some embodiments, binds a soluble receptor. In some 
embodiments, the soluble receptor is a complement protein 
or a pre-existing antibody. In further embodiments, the 
targeting moiety is for delivery of the nanocarrier to antigen 
presenting cells, T cells, or B cells. In some embodiments, 
the antigen presenting cells are macrophages. In other 
embodiments, the macrophages are Subcapsular sinus mac 
rophages. In still other embodiments, the antigen presenting 
cells are dendritic cells. In some embodiments, the antigen 
presenting cells are follicular dendritic cells. Specific non 
limiting examples of targeting moieties include molecules 
that bind to CD11b, CD169, mannose receptor, DEC-205, 
CD11c, CD21/CD35, CX3CR1, or a Fc receptor. In some 
embodiments, the molecule that binds any of the foregoing 
is an antibody or antigen-binding fragment thereof (e.g., an 
anti-CD169 antibody). In some embodiments, the molecule 
that binds a Fc receptor is one that comprises the Fc portion 
of an immunoglobulin (e.g., IgG). In other embodiments, the 
Fc portion of an immunoglobulin is is a human Fc portion. 
In some embodiments, the molecule that binds CX3CR1 is 
CX3CL1 (fractalkine). Targeting moieties that bind CD169 
include anti-CD169 antibodies and ligands of CD169, e.g., 
sialylated CD227, CD43, CD206, or portions of these 
ligands that retain binding function, e.g., soluble portions. 

Therapeutically effective amount: As used herein, the 
term “therapeutically effective amount’ means an amount of 
a therapeutic, prophylactic, and/or diagnostic agent (e.g., 
inventive vaccine nanocarrier) that is Sufficient, when 
administered to a subject Suffering from or Susceptible to a 
disease, disorder, and/or condition, to treat, alleviate, ame 
liorate, relieve, alleviate symptoms of prevent, delay onset 
of inhibit progression of reduce severity of, and/or reduce 
incidence of the disease, disorder, and/or condition. The 
term is also intended to refer to an amount of nanocarrier or 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

40 
composition thereof provided herein that modulates an 
immune response in a subject. 

Therapeutic agent: As used herein, the term “therapeutic 
agent” refers to any agent that, when administered to a 
Subject, has a therapeutic, prophylactic, and/or diagnostic 
effect and/or elicits a desired biological and/or pharmaco 
logical effect. 

Treating: As used herein, the term “treating refers to 
partially or completely alleviating, ameliorating, relieving, 
delaying onset of inhibiting progression of reducing sever 
ity of, and/or reducing incidence of one or more symptoms 
or features of a particular disease, disorder, and/or condition. 
For example, “treating a microbial infection may refer to 
inhibiting Survival, growth, and/or spread of the microbe. 
Treatment may be administered to a subject who does not 
exhibit signs of a disease, disorder, and/or condition and/or 
to a Subject who exhibits only early signs of a disease, 
disorder, and/or condition for the purpose of decreasing the 
risk of developing pathology associated with the disease, 
disorder, and/or condition. In some embodiments, treatment 
comprises delivery of an inventive vaccine nanocarrier to a 
Subject. 

Universal T cell antigen: As used herein, the term "uni 
versal T cell antigen” refers to a T cell antigen that can 
promote T cell help and enhance an immune response to a 
completely unrelated antigen. Universal T cell antigens 
include tetanus toxoid, as well as one or more peptides 
derived from tetanus toxoid, Epstein-Barr virus, or influenza 
virus. Universal T cell antigens also include a component of 
influenza virus, such as hemagglutinin, neuraminidase, or 
nuclear protein, or one or more peptides derived therefrom. 

Vaccine Nanocarrier. As used herein, the term "vaccine 
nanocarrier refers to an entity comprising at least one 
immunomodulatory agent or immunostimulatory agent. In 
certain embodiments, a vaccine nanocarrier includes at least 
two types of immunomodulatory agents. In some embodi 
ments, the immunomodulatory agents are antigens, and the 
vaccine nanocarrier comprises 2, 3, 4, 5, 6, 7, 8, 9, 10, or 
more antigens. The different antigens can be or be derived 
from completely different antigenic molecules, or the dif 
ferent antigens can be different epitopes from the same 
antigenic molecule. In other embodiments, the vaccine 
nanocarrier comprises 2, 3, 4, 5, 6, 7, 8, 9, 10, or more 
different epitopes from the same antigenic molecule. A 
vaccine nanocarrier may be any form of particle. A vaccine 
nanocarrier, in some embodiments, is capable of stimulating 
an immune response in T cells and/or B cells. In other 
embodiments, the vaccine nanocarrier is capable of enhanc 
ing, Suppressing, directing, or redirecting an immune 
response. In some embodiments, any assay available in the 
art may be used to determine whether T cells and/or B cells 
have been stimulated. In some embodiments, T cell stimu 
lation may be assayed by monitoring antigen-induced pro 
duction of cytokines, antigen-induced proliferation of T 
cells, and/or antigen-induced changes in protein expression. 
In some embodiments, B cell stimulation may be assayed by 
monitoring antibody titers, antibody affinities, antibody per 
formance in neutralization assays, class-switch recombina 
tion, affinity maturation of antigen-specific antibodies, 
development of memory B cells, development of long-lived 
plasma cells that can produce large amounts of high-affinity 
antibodies for extended periods of time, germinal center 
reactions, and/or antibody performance in neutralization 
assays. In some embodiments, a vaccine nanocarrier further 
comprises at least one targeting moiety that can help deliver 
the vaccine nanocarrier to a particular target (e.g., organ, 
tissue, cell, and/or subcellular locale) within a subject. In 
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nanocarriers carrying immunomodulatory agent(s) that 
stimulate B cells and/or T cells are particularly useful in 
vaccinating a subject. 

Thus, the present invention encompasses the recognition 
that nanocarriers, such as lymph-borne virus-sized nanocar 
riers carrying an immunomodulatory agent can be recog 
nized in lymph nodes as if they were viruses and may elicit 
a potent immune response, for example, when the particles 
include immunomodulatory agent(s) that are recognized by 
B cells and/or T cells. 
By carrying immunomodulatory agents on the Surface 

and/or loading similar or distinct immunomodulatory agents 
inside, nanocarriers can simultaneously deliver these immu 
nomodulatory agents to distinct cells of the immune system 
and stimulate them. In certain embodiments, immunomodu 
latory agents presented on nanocarrier Surfaces stimulate B 
cells, and immunomodulatory agents encapsulated within 
the nanocarriers are processed by antigen-presenting cells 
(APCs), such as dendritic cells (DCs), in lymphoid tissues 
(and by B cells after activation) and presented to T cells. In 
Some embodiments, by modifying the Surface of nanocarri 
ers with a targeting moiety (e.g., antibody or fragment 
thereof, peptide or polypeptide, Affibody(R), NanobodyTM, 
AdNectinTM, Avimer'TM, aptamer, Spiegelmer(R), small mol 
ecule, lipid, carbohydrate, etc.), nanocarriers can selectively 
deliver immunomodulatory agents to specific antigen pre 
senting cells, such as DCs, SCS-Mph, FDCs, T Cells, B 
cells, and/or combinations thereof. A nanocarrier can be, but 
is not limited to, one or a plurality of lipid nanoparticles, 
polymeric nanoparticles, metallic nanoparticles, Surfactant 
based emulsions, dendrimers, and/or nanoparticles that are 
developed using a combination of nanomaterials such as 
lipid-polymer nanoparticles. Vaccine nanocarriers are 
described in further detail in the section entitled “Vaccine 
Nanocarriers.” 
T Cells 
The present invention provides vaccine nanocarriers for 

delivery of for example, immunomodulatory agents to the 
cells of the immune system. In some embodiments, vaccine 
nanocarriers comprise at least one immunomodulatory agent 
which can be delivered to APCs, which then process and 
deliver the immunomodulatory agent(s) to T cells. 

Professional APCs are very efficient at internalizing anti 
gen, either by phagocytosis or by endocytosis, and then 
display a fragment of the antigen, bound to either a class II 
major histocompatibility complex (class II MHC) molecule 
or a class I MHC molecule on the APC membrane. CD4 T 
cells recognize and interact with the antigen-class II MHC 
molecule complex on the APC membrane, whereas CD8 T 
cells recognize and interact with the antigen-class I MHC 
molecule complex. An additional co-stimulatory signal as 
well as modulating cytokines are then produced by the APC, 
leading to T cell activation. 

Immunomodulatory Agents 
The present invention provides vaccine nanocarriers com 

prising one or more immunomodulatory agents. In some 
embodiments, inventive nanocarriers comprising one or 
more immunomodulatory agents are used as vaccines. In 
Some embodiments, an immunomodulatory agent may com 
prise isolated and/or recombinant proteins or peptides, car 
bohydrates, glycoproteins, glycopeptides, proteoglycans, 
inactivated organisms and viruses, dead organisms and 
virus, genetically altered organisms or viruses, and cell 
extracts. In some embodiments, an immunomodulatory 
agent may comprise nucleic acids, carbohydrates, lipids, 
and/or Small molecules. In some embodiments, an immu 
nomodulatory agent is one that elicits an immune response. 
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In other embodiments, an immunomodulatory agent is a 
polynucleotide that encodes a protein or peptide that when 
the protein or peptide is expressed an immune response is 
elicited. In some embodiments, an immunomodulatory 
agent is an antigen. In some embodiments, an immuno 
modulatory agent is a protein or peptide. In some embodi 
ments, an immunomodulatory agent is used for vaccines. 

In some embodiments, an immunomodulatory agent is 
any protein and/or other antigen derived from a pathogen. 
The pathogen may be a virus, bacterium, fungus, protozoan, 
parasite, etc. In some embodiments, immunomodulatory 
agents may include antigens of bacterial organisms such as 
Borrelia species, Bacillus anthracis, Borrelia burgdorferi, 
Bordetella pertussis, Camphylobacter jejuni, Chlamydia 
species, Chlamydial psittaci, Chlamydial trachomatis, 
Clostridium species, Clostridium tetani, Clostridium botu 
linum, Clostridium perfiringens, Corynebacterium diphthe 
riae, Coxiella species, an Enterococcus species, Erlichia 
species, Escherichia coli, Francisella tularensis, Haemophi 
lus species, Haemophilus influenzae, Haemophilus parain 
fluenzae, Lactobacillus species, a Legionella species, Legio 
nella pneumophila, Leptospirosis interrogans, Listeria 
species, Listeria monocytogenes, Mycobacterium species, 
Mycobacterium tuberculosis, Mycobacterium leprae, Myco 
plasma species, Mycoplasma pneumoniae, Neisseria spe 
cies, Neisseria meningitidis, Neisseria gonorrhoeae, Pneu 
mococcus species, Pseudomonas species, Pseudomonas 
aeruginosa, Salmonella species, Salmonella typhi, Salmo 
nella enterica, Rickettsia species, Rickettsia ricketsii, Rick 
ettsia typhi, Shigella species, Staphylococcus species, 
Staphylococcus aureus, Streptococcus species, Streptococ 
ccus pnuemoniae, Streptococcus pyrogenes, Streptococcus 
mutans, Treponema species, Treponema pallidum, a Vibrio 
species, Vibrio cholerae, Yersinia pestis, and the like. 

In some embodiments, immunomodulatory agents may 
include antigens of viral organisms such as pox viruses, 
Smallpox (variola), ebola virus, hepadnavirus, marburg 
virus, dengue fever virus, influenza A and B, parainfluenza, 
respiratory syncytial virus, measles (rubeola virus), human 
immunodeficiency virus (HIV), human papillomavirus 
(HPV), varicella-Zoster, herpes simplex 1 and 2, cytomega 
lovirus, Epstein-Barr virus, JC virus, rhabdovirus, rotavirus, 
rhinovirus, adenovirus, orthomyxovirus, papillomavirus, 
parvovirus, picornavirus, poliovirus, mumps, rabies, reoVi 
rus, rubella, togavirus, retrovirus, coxsackieviruses, equine 
encephalitis, Japanese encephalitis, yellow fever, Rift Valley 
fever, hepatitis A, B, C, D, and E virus, and the like. Viral 
organisms include those that are dsDNA viruses, ssDNA 
viruses, dsRNA viruses, (+) ssRNA viruses (-) skNA 
viruses, ssRNA-RT viruses, and dsDNA-RT viruses. 

In some embodiments, immunomodulatory agents may 
include antigens of fungal, protozoan, and/or parasitic 
organisms such as Aspergillus species, Candida species, 
Candida albicans, Candida tropicalis, Cryptococcus spe 
cies, Cryptococcus neoformans, Entamoeba histolytica, His 
toplasma capsulatum, Leishmania species, Nocardia aster 
Oides, Plasmodium falciparum, Toxoplasma gondii, 
Trichomonas vaginalis, Toxoplasma species, Trypanosoma 
brucei, Schistosoma mansoni, and the like. 

In some embodiments, immunomodulatory agents may 
include E1 and/or E2 proteins of HCV. In some embodi 
ments, immunomodulatory agents may include gp120 of 
HIV. In some embodiments, immunomodulatory agents may 
include hemagglutinin and/or neuraminidase of influenza 
virus. In some embodiments, immunomodulatory agents 
may include pneumococcal polysaccharide or family 1 and/ 
or family 2 PspA of Streptococcus pneumoniae or capsular 
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polysaccharides types 5 and 8 or microbial Surface compo 
nents recognizing adhesive matrix molecule of Stapylococ 
cus aureus. In some embodiments, immunomodulatory 
agents may include mannan of Candida albicans or cryp 
tococcal capsular polysaccharide of Cryptococcus neofor 
mans. In some embodiments, immunomodulatory agents 
may include PfEMP1 of Plasmodium falciparum or other 
parasite-derived antigens expressed on plasmodium-in 
fected red blood cells or GRA7 of Toxoplasma gondi. 
Any of the antigens described herein may be in the form 

of whole killed organisms, peptides, proteins, glycoproteins, 
glycopeptides, proteoglycans, nucleic acids that encode a 
protein or peptide, carbohydrates, Small molecules, or com 
binations thereof. 

In some embodiments, an immunomodulatory agent is 
derived from a microorganism for which at least one vaccine 
already exists. In some embodiments, an immunomodula 
tory agent is derived from a microorganism for which no 
vaccines have been developed. 

In some embodiments, a vaccine nanocarrier comprises at 
least one type of immunomodulatory agent. In some 
embodiments, all of the immunomodulatory agents of a 
vaccine nanocarrier are identical to one another. In some 
embodiments, a vaccine nanocarrier comprises a number of 
different immunomodulatory agents. In some embodiments, 
a vaccine nanocarrier comprises multiple individual immu 
nomodulatory agents, all of which are the same. In some 
embodiments, a vaccine nanocarrier comprises exactly one 
type of immunomodulatory agent. In some embodiments, a 
vaccine nanocarrier comprises exactly two distinct types of 
immunomodulatory agents. In some embodiments, a vac 
cine nanocarrier comprises greater than two distinct types of 
immunomodulatory agents. In some embodiments, a vac 
cine nanocarrier comprises 3, 4, 5, 6, 7, 8, 9, 10, or more 
distinct types of immunomodulatory agents. 

In some embodiments, a vaccine nanocarrier comprises 
two types of immunomodulatory agents which are both 
derived from a single genus of microorganism. In some 
embodiments, a vaccine nanocarrier comprises two types of 
immunomodulatory agents which are both derived from a 
single genus and species of microorganism. In some 
embodiments, a vaccine nanocarrier comprises two types of 
immunomodulatory agents which are both derived from a 
single genus, species, and strain of microorganism. In some 
embodiments, a vaccine nanocarrier comprises two types of 
immunomodulatory agents which are both derived from a 
single clone of a microorganism. 

In some embodiments, a vaccine nanocarrier comprises 
more than two types of immunomodulatory agents which are 
all derived from a single genus of microorganism. In some 
embodiments, a vaccine nanocarrier comprises more than 
two types of immunomodulatory agents which are all 
derived from a single genus and species of microorganism. 
In Some embodiments, a vaccine nanocarrier comprises 
more than two types of immunomodulatory agents which are 
all derived from a single genus, species, and strain of 
microorganism. In some embodiments, a vaccine nanocar 
rier comprises more than two types of immunomodulatory 
agents which are all derived from a single clone of a 
microorganism. 

In some embodiments, a vaccine nanocarrier comprises 
two or more types of immunomodulatory agent which are all 
derived from a single genus of microorganism. In some 
embodiments, a vaccine nanocarrier comprises two or more 
types of immunomodulatory agent which are all derived 
from a single genus and species of microorganism. In some 
embodiments, a vaccine nanocarrier comprises two or more 
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types of immunomodulatory agent which are all derived 
from a single genus, species, and strain of microorganism. 

In some embodiments, a vaccine nanocarrier comprises 
two or more types of immunomodulatory agents which are 
derived from different strains of a single species of micro 
organism. In some embodiments, a vaccine nanocarrier 
comprises two or more types of immunomodulatory agents 
which are derived from different species of the same genus 
of microorganism. In other embodiments, a vaccine nano 
carrier comprises two or more types of immunomodulatory 
agents each derived from different genera of microorganism. 

In some embodiments, a vaccine nanocarrier comprises a 
single type of immunomodulatory agent that stimulates an 
immune response in both B cells and T cells. In some 
embodiments, a vaccine nanocarrier comprises two types of 
immunomodulatory agents, wherein the first immunomodu 
latory agent stimulates B cells, and the second type of 
immunomodulatory agent stimulates T cells. In certain 
embodiments, one or both agents may stimulate T cells and 
B cells. In some embodiments, a vaccine nanocarrier com 
prises greater than two types of immunomodulatory agents, 
wherein one or more types of immunomodulatory agents 
stimulate B cells, and one or more types of immunomodu 
latory agents stimulate T cells. 

In some embodiments, a vaccine nanocarrier comprises at 
least one type of immunomodulatory agent that is associated 
with the exterior surface of the vaccine nanocarrier. In some 
embodiments, the association is covalent. In some embodi 
ments, the covalent association is mediated by one or more 
linkers. In some embodiments, the association is non-cova 
lent. In some embodiments, the non-covalent association is 
mediated by charge interactions, affinity interactions, metal 
coordination, physical adsorption, host-guest interactions, 
hydrophobic interactions, TT stacking interactions, hydro 
gen bonding interactions, van der Waals interactions, mag 
netic interactions, electrostatic interactions, dipole-dipole 
interactions, and/or combinations thereof. For a more 
detailed description of how an immunomodulatory agent 
may be associated with a vaccine nanocarrier, please see the 
section below entitled “Production of Vaccine Nanocarri 
ers.’ 

In some embodiments, a vaccine nanocarrier includes a 
lipid membrane (e.g., lipid bilayer, lipid monolayer, etc.). At 
least one immunomodulatory agent may be associated with 
the lipid membrane. In some embodiments, at least one 
immunomodulatory agent is embedded within the lipid 
membrane. In some embodiments, at least one immuno 
modulatory agent is embedded within the lumen of a lipid 
bilayer. In some embodiments, a vaccine nanocarrier com 
prises at least one immunomodulatory agent that is associ 
ated with the interior surface of the lipid membrane. In some 
embodiments, at least one immunomodulatory agent is 
encapsulated within the lipid membrane of a vaccine nano 
carrier. In some embodiments, at least one type of immu 
nomodulatory agent may be located at multiple locations of 
a vaccine nanocarrier. For example, a first type of immuno 
modulatory agent may be embedded within a lipid mem 
brane, and a second type of immunomodulatory agent may 
be encapsulated within the lipid membrane of a vaccine 
nanocarrier. To give another example, a first type of immu 
nomodulatory agent may be associated with the exterior 
Surface of a lipid membrane, and a second type of immu 
nomodulatory agent may be associated with the interior 
Surface of the lipid membrane of a vaccine nanocarrier. In 
Some embodiments, a first type of immunomodulatory agent 
may be embedded within the lumen of a lipid bilayer of a 
vaccine nanocarrier, and the lipid bilayer may encapsulate a 
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polymeric matrix throughout which a second type of immu 
nomodulatory agent is distributed. In some embodiments, a 
first type of immunomodulatory agent and a second type of 
immunomodulatory agent may be in the same locale of a 
vaccine nanocarrier (e.g., they may both be associated with 
the exterior Surface of a vaccine nanocarrier; they may both 
be encapsulated within the vaccine nanocarrier, etc.). 

In some embodiments, a vaccine nanocarrier includes a 
polymer (e.g., a polymeric core). At least one type of 
immunomodulatory agent may be associated with the poly 
mer. In some embodiments, at least one type of immuno 
modulatory agent is embedded within the polymer. In some 
embodiments, a vaccine nanocarrier comprises at least one 
type of immunomodulatory agent that is associated with the 
interior Surface of the polymer. In some embodiments, at 
least one type of immunomodulatory agent is encapsulated 
with the polymer of a vaccine nanocarrier. In some embodi 
ments, at least one type of immunomodulatory agent may be 
located at multiple locations of a vaccine nanocarrier. For 
example, a first type of immunomodulatory agent may be 
embedded within a polymer, and a second type of immu 
nomodulatory agent may be encapsulated within a lipid 
membrane Surrounding the polymeric core of a vaccine 
nanocarrier. To give another example, a first type of immu 
nomodulatory agent may be associated with the exterior 
Surface of a polymer, and a second type of immunomodu 
latory agent may be embedded within the polymer of a 
vaccine nanocarrier. 
One of ordinary skill in the art will recognize that the 

preceding examples are only representative of the many 
different ways in which multiple immunomodulatory agents 
may be associated with different locales of vaccine nano 
carriers. Multiple immunomodulatory agents may be located 
at any combination of locales of vaccine nanocarriers. 
Additionally, the aforementioned examples can also apply to 
the other agents of a nanocarrier (e.g., a immunostimulatory 
agent). 

In some embodiments, the immunomodulatory agent is a 
T cell antigen, and the T cell antigen is derived from the 
same pathogen against which vaccination is intended. In this 
case, an initially small number of naive T cells are stimu 
lated to generate pathogen-specific effector and memory T 
cells. In some embodiments, the antigen may be taken from 
an unrelated source, Such as an infectious agent to which 
wide-spread immunity already exists (e.g., tetanus toxoid or 
a common component of influenza virus, such as hemag 
glutinin, neuraminidase, or nuclear protein). In the latter 
case, the vaccine exploits the presence of memory T cells 
that have arisen in response to prior infections or vaccina 
tions. Memory cells in general react more rapidly and 
vigorously to antigen rechallenge and, therefore, may pro 
vide a superior source of help to B cells. 

Other T cell antigens include, but are not limited to, 
degenerative disease antigens, infectious disease antigens, 
cancer antigens, allergens, alloantigens, atopic disease anti 
gens, autoimmune disease antigens, contact sensitizers, hap 
tens, Xenoantigens, or metabolic disease enzymes or enzy 
matic products thereof. In some embodiments, the infectious 
disease antigen is a viral antigen, which includes any antigen 
derived from any of the viruses described herein. Examples 
of T cell antigens include those provided elsewhere herein. 

In some embodiments, T cell antigens are incorporated 
into nanocarriers as intact proteins. In some embodiments, T 
cell antigens are incorporated into nanocarriers as modified 
proteins. In some embodiments, T cell antigens are incor 
porated into nanocarriers as mutated proteins. In some 
embodiments, T cell antigens are provided as a collection of 
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overlapping peptides, which can boost antigen incorporation 
into MHC class II complexes and, therefore, further promote 
a helper response. In some embodiments, T cell antigens are 
provided as a collection of non-overlapping peptides, which 
can boost antigen incorporation into MHC class II com 
plexes and, therefore, further promote a helper response. In 
Some embodiments, T cell antigens are provided as nucleic 
acids that encode the antigens. 

In some embodiments, inventive nanocarriers. Such as 
vaccine nanocarriers, comprise less than less than 90% by 
weight, less than 75% by weight, less than 50% by weight, 
less than 40% by weight, less than 30% by weight, less than 
20% by weight, less than 15% by weight, less than 10% by 
weight, less than 5% by weight, less than 1% by weight, or 
less than 0.5% by weight of the immunomodulatory agent. 

Targeting Moieties 
In some embodiments, inventive nanocarriers comprise 

one or more targeting moieties. In certain embodiments of 
the invention, nanocarriers are associated with one or more 
targeting moieties. A targeting moiety is any moiety that 
binds to a component associated with an organ, tissue, cell, 
extracellular matrix, and/or Subcellular locale. In some 
embodiments. Such a component is referred to as a “target' 
or a “marker,” and these are discussed in further detail 
below. 
A targeting moiety may be a nucleic acid, polypeptide, 

glycoprotein, carbohydrate, lipid, Small molecule, etc. For 
example, a targeting moiety can be a nucleic acid targeting 
moiety (e.g. an aptamer, Spiegelmer R, etc.) that binds to a 
cell type specific marker. In general, an aptamer is an 
oligonucleotide (e.g., DNA, RNA, or an analog or derivative 
thereof) that binds to a particular target, Such as a polypep 
tide. In some embodiments, a targeting moiety may be a 
naturally occurring or synthetic ligand for a cell Surface 
receptor, e.g., a growth factor, hormone, LDL, transferrin, 
etc. A targeting moiety can be an antibody, which term is 
intended to include antibody fragments, characteristic por 
tions of antibodies, single chain antibodies, etc. Synthetic 
binding proteins such as Affibodies(R), NanobodiesTM, 
AdNectinsTM, AvimersTM, etc., can be used. Peptide target 
ing moieties can be identified, e.g., using procedures Such as 
phage display. This widely used technique has been used to 
identify cell specific ligands for a variety of different cell 
types. 

In accordance with the present invention, a targeting 
moiety recognizes one or more “targets or “markers' 
associated with a particular organ, tissue, cell, and/or Sub 
cellular locale. In some embodiments, a target may be a 
marker that is exclusively or primarily associated with one 
or a few cell types, with one or a few diseases, and/or with 
one or a few developmental stages. A cell type specific 
marker is typically expressed at levels at least 2 fold greater 
in that cell type than in a reference population of cells which 
may consist, for example, of a mixture containing an 
approximately equal amount of cells (e.g., approximately 
equal numbers of cells, approximately equal Volume of cells, 
approximately equal mass of cells, etc.). In some embodi 
ments, the cell type specific marker is present at levels at 
least 3 fold, at least 4 fold, at least 5 fold, at least 6 fold, at 
least 7 fold, at least 8 fold, at least 9 fold, at least 10 fold, 
at least 50 fold, at least 100 fold, at least 500 fold, at least 
1000 fold, at least 5000 fold, or at least 10,000 fold greater 
than its average expression in a reference population. Detec 
tion or measurement of a cell type specific marker may make 
it possible to distinguish the cell type or types of interest 
from cells of many, most, or all other types. 
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In some embodiments, a target can comprise a protein, a 
carbohydrate, a lipid, and/or a nucleic acid. In certain 
embodiments, a target can comprise a protein and/or char 
acteristic portion thereof. Such as a tumor-marker, integrin, 
cell Surface receptor, transmembrane protein, intercellular 
protein, ion channel, membrane transporter protein, enzyme, 
antibody, chimeric protein, glycoprotein, etc. In certain 
embodiments, a target can comprise a carbohydrate and/or 
characteristic portion thereof. Such as a glycoprotein, Sugar 
(e.g., monosaccharide, disaccharide, polysaccharide), gly 
cocalyx (i.e., the carbohydrate-rich peripheral Zone on the 
outside Surface of most eukaryotic cells) etc. In certain 
embodiments, a target can comprise a lipid and/or charac 
teristic portion thereof. Such as an oil, fatty acid, glyceride, 
hormone, Steroid (e.g., cholesterol, bile acid), Vitamin (e.g. 
Vitamin E), phospholipid, sphingolipid, lipoprotein, etc. In 
certain embodiments, a target can comprise a nucleic acid 
and/or characteristic portion thereof, such as a DNA nucleic 
acid; RNA nucleic acid; modified DNA nucleic acid; modi 
fied RNA nucleic acid; nucleic acid that includes any 
combination of DNA, RNA, modified DNA, and modified 
RNA; etc. 

In some embodiments, a targeting moiety could be the 
surface glycoprotein molecule from VSV. VSV comprises a 
single surface molecule, VSV-G, which is a toll-like receptor 
agonist. VSV is efficiently targeted to cells of the immune 
system, so in some embodiments, vaccine nanocarriers 
could comprise the VSV surface molecule in order to target 
vaccine nanocarriers to cells of the immune system. 

In some embodiments, a target is a tumor marker. In some 
embodiments, a tumor marker is an antigen that is expressed 
in tumor cells but not in healthy and/or normal cells. In some 
embodiments, a tumor marker is an antigen that is more 
prevalent in tumor cells than in healthy and/or normal cells. 
Exemplary tumor markers include, but are not limited to, 
gp100; Melan-A; tyrosinase; PSMA: HER-2/neu: MUC-1: 
topoisomerase IIC. sialyl-Tn; carcinoembryonic antigen; 
ErbB-3-binding protein-1; alpha-fetoprotein; and the can 
cer-testis antigens MAGE-A1, MAGE A4, and NY-ESO-1. 

In some embodiments, a target is an APC marker. In some 
embodiments, an APC target is an antigen that is expressed 
in APCs but not in non-APCs. In some embodiments, an 
APC target is an antigen that is more prevalent in APCs than 
in non-APCs. Exemplary APC markers include, but are not 
limited to, CD11c, CD11b, CD14, CD40, CD45, CD163, 
CD169 (sialoadhesin), DEC205 (CD205), MHC class II, 
DC-SIGN, CD21/CD35, and Fc Y RI, PD-L2. In some 
embodiments, APC markers include any of DC and/or 
macrophage markers, examples of which are described 
herein. 

In certain embodiments, a target is a DC marker. In some 
embodiments, a DC target is an antigen that is expressed in 
DCs but not in non-DCs. In some embodiments, a DC target 
is an antigen that is more prevalent in DCs than in non-DCs. 
Exemplary DC markers are listed below in the section 
entitled “Dendritic Cells' and include those provided else 
where herein. 

In certain embodiments, a target is a T cell marker. In 
Some embodiments, a T cell target is an antigen that is 
expressed in T cells but not in non-T cells. In some embodi 
ments, a T cell target is an antigen that is more prevalent in 
T cells than in non-T cells. Exemplary T cell markers are 
listed below in the section entitled “T Cell Targeting Moi 
eties” and and include those provided elsewhere herein. 

In some embodiments, a target is preferentially expressed 
in particular cell types. For example, expression of an APC, 
DC, and/or T cell target in APCs, DCs, and/or T cells is at 
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least 2-fold, at least 3-fold, at least 4-fold, at least 5-fold, at 
least 10-fold, at least 20-fold, at least 50-fold, at least 
100-fold, at least 500-fold, or at least 1000-fold overex 
pressed in APCs, DCs, and/or T cells relative to a reference 
population. In some embodiments, a reference population 
may comprise non-APCs, FDCs, and/or T cells. 

In some embodiments, expression of an APC, DC, and/or 
T cell target in activated APCs. DCs, and/or T cells is at least 
2-fold, at least 3-fold, at least 4-fold, at least 5-fold, at least 
10-fold, at least 20-fold, at least 50-fold, at least 100-fold, at 
least 500-fold, or at least 1000-fold overexpressed in acti 
vated APCs, DCs, and/or T cells relative to a reference 
population. In some embodiments, a reference population 
may comprise non-activated APCs. DCs, and/or T cells. 

In some embodiments, inventive nanocarriers. Such as 
vaccine nanocarriers, comprise less than 50% by weight, 
less than 40% by weight, less than 30% by weight, less than 
20% by weight, less than 15% by weight, less than 10% by 
weight, less than 5% by weight, less than 1% by weight, or 
less than 0.5% by weight of the targeting moiety. 

In some embodiments, targeting moieties are covalently 
associated with a nanocarrier. In some embodiments, cova 
lent association is mediated by a linker. In some embodi 
ments, targeting moieties are not covalently associated with 
a nanocarrier. For example, targeting moieties may be asso 
ciated with the surface of, encapsulated within, surrounded 
by, and/or distributed throughout the polymeric matrix of an 
inventive particle. For example, in some embodiments, a 
targeting moiety can be encapsulated within, Surrounded by, 
and/or dispersed throughout the liposomal membrane and/or 
polymeric matrix of a nanocarrier. Alternatively or addition 
ally, a targeting moiety can be associated with a nanocarrier 
by charge interactions, affinity interactions, metal coordina 
tion, physical adsorption, host-guest interactions, hydropho 
bic interactions, TT stacking interactions, hydrogen bonding 
interactions, van der Waals interactions, magnetic interac 
tions, electrostatic interactions, dipole-dipole interactions, 
and/or combinations thereof. Association of targeting moi 
eties with vaccine nanocarriers is described in further detail 
below, in the section entitled “Production of Vaccine Nano 
carriers.” 

Dendritic Cells 
Dendritic Cells (DCs) are a type of myeloid leukocytes; 

they are among the most potent antigen presenting cells for 
T lymphocytes. Resting DCs reside in many tissues, includ 
ing lymph nodes, in an immature, tolerogenic state, i.e., they 
present intermediate to high levels of peptide-MHC com 
plexes, but with little or no costimulatory molecules and 
without secreting cytokines that T cells need to differentiate 
into effector cells. T cells that are presented with a specific 
antigen by immature DCS begin to proliferate for a few days, 
but then they die by apoptosis or become unresponsive to 
further activation. The ensuing depletion of antigen-specific 
T cell responses renders the host selectively tolerant to this 
antigen. By contrast, when DCs acquire antigens while they 
are exposed to maturation stimuli, the cells rapidly up 
regulate MHC and costimulatory molecules and secrete 
several cytokines. The now mature DCs are potent inducers 
of effector T cells and immunological memory. DC matu 
ration can be induced by many signals, such as certain 
inflammatory cytokines, ligation of DC-expressed CD40, 
agonists for TLRs, (e.g., bacterial endotoxin), immune com 
plexes, activated complement, necrotic cells, apoptotic cells, 
free urate, urate crystals, and/or HMGB-1. 
DEC-205 (i.e., CD205) is a surface-expressed multi 

functional lectin that is selectively expressed on DCs and 
thymic epithelial cells in lymphoid tissues. In vivo experi 
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CD160 (BY55, NK1, NK28); CD161 (NKR, NKRP1A); 
CD162 (PSGL-1); CD164 (MGC-24, MUC-24); CD171 
(L1CAM, NILE); CD172g (SIRPg); CD181 (CXCR1, (For 
merly known as CD128a)); CD182 (CXCR2, (Formerly 
known as CD128b)); CD183 (CXCR3, GPR9); CD184 
(CXCR4, NPY3R): CD185 (CXCR5); CD186 (CXCR6); 
CD191 (CCR1); CD192 (CCR2); CD193 (CCR3); CD195 
(CCR5); CD196 (CCR6); CD197 (CCR7 (was CDw197)); 
CDw197 (CCR7, EBI1, BLR2); CDw198 (CCR8); CDw199 
(CCR9); CD205 (DEC-205); CDw?10 (CK); CDw?17 
(CK); CDw?18a (IL18RC); CDw?18b (IL18Rf8); CD220 
(Insulin R): CD221 (IGF1 R): CD222 (M6P-R, IGFII-R): 
CD223 (LAG-3); CD224 (GGT): CD225 (Leu13); CD226 
(DNAM-1, PTA1); CD229 (Ly9); CD230 (Prion Protein 
(PrP)): CD244 (2B4, P38, NAIL); CD245 (p220/240); 
CD247 (CD3 Zeta Chain); CD261 (TRAIL-R1, TNF-R 
superfamily, member 10a); CD262 (TRAIL-R2, TNF-R 
superfamily, member 10b); CD263 (TRAIL-R3, TNF-R 
superfamily, member 10c); CD264 (TRAIL-R4, TNF-R 
superfamily, member 10d); CD265 (TRANCE-R, TNF-R 
superfamily, member 11a); CD268 (BAFFR, TNF-R Super 
family, member 13C); CD272 (BTLA); CD275 (B7H2, 
ICOSL): CD277 (BT3.1, B7 family: Butyrophilin 3): 
CD294 (CRTH2, PGRD2, G protein-coupled receptor 44); 
CD295 (LEPR): CD296 (ART1, ADP-ribosyltransferase 1); 
CD298 (ATP1B3, Na K ATPase B3 subunit); CD300a 
(CMRF-35H); CD300c (CMRF-35A); CD305 (LAIR1); 
CD314 (NKG2D); CD316 (EW12); CD317 (BST2); CD319 
(CRACC, SLAMF7); CD321 (JAM1); CD322 (JAM2); 
CDw828 (Siglect); and CD68 (gp 110, Macrosialin); 
wherein the names listed in parentheses represent alternative 
aS. 

In some embodiments, T cell targeting can be accom 
plished by any targeting moiety that binds, Such as specifi 
cally binds, to any entity (e.g., protein, lipid, carbohydrate, 
Small molecule, etc.) that is prominently expressed and/or 
present on T cells upon activation (i.e., activated T cell 
targets). Exemplary activated T cell targeting moieties 
include, but are not limited to, CD1a (RA, T6, HTA-1); 
CD1b (R1); Cd1c (M241.R7); CD1d (R3); CD9 (p24, 
DRAP-1, MRP-1); CD25 (Tacantigen, IL-2RC, p55); CD30 
(Ber-H2, Ki-1); CD39 (ATPdehydrogenase, NTPdehydro 
genase-1); CD45RO (UCHL-1); CD49a (VLA-1C., C.1 Inte 
grin); CD49b (VLA-2C., gpla, C2 Integrin); CD69 (AIM, EA 
1, MLR3, gp34/28, VEA); CD70 (Ki-24, CD27 ligand): 
CD74 (Ii, invariant chain); CD80 (B7, B7-1, BB1); CD86 
(B7-2/B70); CD96 (TACTILE); CD97 (BL-KDD/F12); 
CD101 (IGSF2, P126, V7); CD103 (HML-1, Integrin CE, 
ITGAE); CD107a (LAMP-1); CD107b (LAMP-2); CD109 
(8A3, E123 7D1); CD134 (OX40, TNFRSF4); CDw137 
(4-1BB, ILA); CD146 (Muc 18, S-endo, MCAM, Mel 
CAM); CD152 (CTLA-4); CD154 (CD40L, gp39, TRAP-1, 
T-BAM); CD166 (ALCAM, KG-CAM, SC-1, BEN, DM 
GRASP); CD178 (Fas Ligand); CD227 (MUC1, PUM, 
PEM, EMA); CD253 (TRAIL, TNF (ligand) superfamily, 
member 10); CD254 (TRANCE, RANKL, TNF (ligand) 
superfamily, member 11); CD258 (LIGHT, TMF (ligand) 
superfamily, member 14); CD267 (TACI, TNF-R Superfam 
ily, member 13B); CD273 (B7DC, PDL2); CD274 (B7H1, 
PDL1); CD278 (ICOS); CD279 (PD1); and CD312 
(EMR2); wherein the names listed in parentheses represent 
alternative names. 

Molecular Characteristics of Targeting Moieties 
Nucleic Acid Targeting Moieties. As used herein, a 

“nucleic acid targeting moiety' is a nucleic acid that binds 
selectively to a target. In some embodiments, a nucleic acid 
targeting moiety is a nucleic acid aptamer. An aptamer is 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

54 
typically a polynucleotide that binds to a specific target 
structure that is associated with a particular organ, tissue, 
cell, extracellular matrix component, and/or Subcellular 
locale. In general, the targeting function of the aptamer is 
based on the three-dimensional structure of the aptamer. In 
Some embodiments, binding of an aptamer to a target is 
typically mediated by the interaction between the two 
and/or three-dimensional structures of both the aptamer and 
the target. In some embodiments, binding of an aptamer to 
a target is not solely based on the primary sequence of the 
aptamer, but depends on the three-dimensional structure(s) 
of the aptamer and/or target. In some embodiments, aptam 
ers bind to their targets via complementary Watson-Crick 
base pairing which is interrupted by structures (e.g., hairpin 
loops) that disrupt base pairing. 

In some embodiments, a nucleic acid targeting moiety is 
a Spiegelmer R. In general, Spiegelmers(R are high-affinity 
L-enantiomeric oligonucleotide ligands that display high 
resistance to enzymatic degradation compared with D-oli 
gonucleotides. In some embodiments, Spiegelmers(R can be 
designed and utilized just as an aptamer would be designed 
and utilized. 
One of ordinary skill in the art will recognize that any 

nucleic acid that is capable of specifically binding to a target, 
as described herein, can be used in accordance with the 
present invention. 

Nucleic acids of the present invention (including nucleic 
acid targeting moieties and/or functional RNAs to be deliv 
ered, e.g., RNAi agents, ribozymes, tRNAS, etc., described 
in further detail below) may be prepared according to any 
available technique including, but not limited to chemical 
synthesis, enzymatic synthesis, enzymatic or chemical 
cleavage of a longer precursor, etc. Methods of synthesizing 
RNAs are known in the art (see, e.g., Gait, M. J. (ed.) 
Oligonucleotide synthesis: a practical approach, Oxford 
Oxfordshire, Washington, D.C.: IRL Press, 1984; and 
Herdewijn, P. (ed.) Oligonucleotide synthesis: methods and 
applications, Methods in molecular biology, v. 288 (Clifton, 
N.J.) Totowa, N.J. Humana Press, 2005; both of which are 
incorporated herein by reference). 
The nucleic acid that forms the nucleic acid targeting 

moiety may comprise naturally occurring nucleosides, 
modified nucleosides, naturally occurring nucleosides with 
hydrocarbon linkers (e.g., an alkylene) or a polyether linker 
(e.g., a PEG linker) inserted between one or more nucleo 
sides, modified nucleosides with hydrocarbon or PEG link 
ers inserted between one or more nucleosides, or a combi 
nation of thereof. In some embodiments, nucleotides or 
modified nucleotides of the nucleic acid targeting moiety 
can be replaced with a hydrocarbon linker or a polyether 
linker provided that the binding affinity and selectivity of the 
nucleic acid targeting moiety is not substantially reduced by 
the Substitution (e.g., the dissociation constant of the nucleic 
acid targeting moiety for the target should not be greater 
than about 1x10 M). 

It will be appreciated by those of ordinary skill in the art 
that nucleic acids in accordance with the present invention 
may comprise nucleotides entirely of the types found in 
naturally occurring nucleic acids, or may instead include one 
or more nucleotide analogs or have a structure that otherwise 
differs from that of a naturally occurring nucleic acid. U.S. 
Pat. Nos. 6,403,779; 6,399,754; 6,225,460; 6,127,533; 
6,031,086; 6,005,087; 5,977,089; and references therein 
disclose a wide variety of specific nucleotide analogs and 
modifications that may be used. See Crooke, S. (ed.) Anti 
sense Drug Technology. Principles, Strategies, and Appli 
cations (1' ed), Marcel Dekker; ISBN: 0824705661, 1st 
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edition (2001); incorporated herein by reference; and refer 
ences therein. For example, 2-modifications include halo, 
alkoxy and allyloxy groups. In some embodiments, the 
2 OH group is replaced by a group selected from H, OR, 
R, halo, SH, SR, NH, NH, NR, or CN, wherein R is 5 
C-C alkyl, alkenyl, or alkynyl, and halo is F, Cl, Br or I. 
Examples of modified linkages include phosphorothioate 
and 5'-N-phosphoramidite linkages. 

Nucleic acids comprising a variety of different nucleotide 
analogs, modified backbones, or non-naturally occurring 
internucleoside linkages can be utilized in accordance with 
the present invention. Nucleic acids of the present invention 
may include natural nucleosides (i.e., adenosine, thymidine, 
guanosine, cytidine, uridine, deoxyadenosine, deoxythymi 
dine, deoxyguanosine, and deoxycytidine) or modified 
nucleosides. Examples of modified nucleotides include base 
modified nucleosides (e.g., aracytidine, inosine, isoguanos 
ine, nebularine, pseudouridine, 2,6-diaminopurine, 2-amin 
opurine, 2-thiothymidine, 3-deaza-5-azacytidine, 2'-deoxyu- 20 
ridine, 3-nitorpyrrole, 4-methylindole, 4-thiouridine, 
4-thiothymidine, 2-aminoadenosine, 2-thiothymidine, 
2-thiouridine, 5-bromocytidine, 5-iodouridine, inosine, 
6-azauridine, 6-chloropurine, 7-deaZaadenosine, 7-deaza 
guanosine, 8-azaadenosine, 8-azidoadenosine, benzimida- 25 
Zole, M1-methyladenosine, pyrrolo-pyrimidine, 2-amino-6- 
chloropurine, 3-methyl adenosine, 5-propynylcytidine, 
5-propynyluridine, 5-bromouridine, 5-fluorouridine, 
5-methylcytidine, 7-deazaadenosine, 7-deazaguanosine, 
8-oxoadenosine, 8-oxoguanosine, O(6)-methylguanine, and 30 
2-thiocytidine), chemically or biologically modified bases 
(e.g., methylated bases), modified sugars (e.g. 2'-fluorori 
bose, 2-aminoribose, 2’-azidoribose, 2'-O-methylribose, 
L-enantiomeric nucleosides arabinose, and hexose), modi 
fied phosphate groups (e.g., phosphorothioates and 5'-N- 35 
phosphoramidite linkages), and combinations thereof. Natu 
ral and modified nucleotide monomers for the chemical 
synthesis of nucleic acids are readily available. In some 
cases, nucleic acids comprising Such modifications display 
improved properties relative to nucleic acids consisting only 40 
of naturally occurring nucleotides. In some embodiments, 
nucleic acid modifications described herein are utilized to 
reduce and/or prevent digestion by nucleases (e.g. exonu 
cleases, endonucleases, etc.). For example, the structure of 
a nucleic acid may be stabilized by including nucleotide 45 
analogs at the 3' end of one or both strands order to reduce 
digestion. 

Modified nucleic acids need not be uniformly modified 
along the entire length of the molecule. Different nucleotide 
modifications and/or backbone structures may exist at vari- 50 
ous positions in the nucleic acid. One of ordinary skill in the 
art will appreciate that the nucleotide analogs or other 
modification(s) may be located at any position(s) of a 
nucleic acid such that the function of the nucleic acid is not 
substantially affected. To give but one example, modifica- 55 
tions may be located at any position of an aptamer Such that 
the ability of the aptamer to specifically bind to the aptamer 
target is not substantially affected. The modified region may 
be at the 5'-end and/or the 3'-end of one or both strands. For 
example, modified aptamers in which approximately 1 to 60 
approximately 5 residues at the 5' and/or 3' end of either of 
both strands are nucleotide analogs and/or have a backbone 
modification can be employed. The modification may be a 5' 
or 3' terminal modification. A nucleic acid strand may 
comprise at least 50% unmodified nucleotides, at least 80% 65 
unmodified nucleotides, at least 90% unmodified nucleo 
tides, or 100% unmodified nucleotides. 
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Nucleic acids in accordance with the present invention 

may, for example, comprise a modification to a Sugar, 
nucleoside, or internucleoside linkage such as those 
described in U.S. Patent Publications 2003/0175950, 2004/ 
0192626, 2004/0092470, 2005/0020525, and 2005/ 
0032733. The present invention encompasses the use of any 
nucleic acid having any one or more of the modification 
described therein. For example, a number of terminal con 
jugates, e.g., lipids such as cholesterol, lithocholic acid, 
aluric acid, or long alkyl branched chains have been reported 
to improve cellular uptake. Analogs and modifications may 
be tested using, e.g., using any appropriate assay known in 
the art, for example, to select those that result in improved 
delivery of a therapeutic agent, improved specific binding of 
an aptamer to an aptamer target, etc. In some embodiments, 
nucleic acids in accordance with the present invention may 
comprise one or more non-natural nucleoside linkages. In 
Some embodiments, one or more internal nucleotides at the 
3'-end, 5'-end, or both 3'- and 5'-ends of the aptamer are 
inverted to yield a linkage such as a 3'-3" linkage or a 5'-5' 
linkage. 

In some embodiments, nucleic acids in accordance with 
the present invention are not synthetic, but are naturally 
occurring entities that have been isolated from their natural 
environments. 

Small Molecule Targeting Moieties. In some embodi 
ments, a targeting moiety in accordance with the present 
invention may be a small molecule. In certain embodiments, 
small molecules are less than about 2000 g/mol in size. In 
Some embodiments, Small molecules are less than about 
1500 g/mol or less than about 1000 g/mol. In some embodi 
ments, small molecules are less than about 800 g/mol or less 
than about 500 g/mol. 

In certain embodiments, a small molecule is oligomeric. 
In certain embodiments, a small molecule is non-oligomeric. 
In certain embodiments, a Small molecule is a natural 
product or a natural product-like compound having a partial 
structure (e.g., a Substructure) based on the full structure of 
a natural product. In certain embodiments, a small molecule 
is a synthetic product. In some embodiments, a small 
molecule may be from a chemical library. In some embodi 
ments, a small molecule may be from a pharmaceutical 
company historical library. In certain embodiments, a small 
molecule is a drug approved by the U.S. Food and Drug 
Administration as provided in the U.S. Code of Federal 
Regulations (C.F.R.). 
One of ordinary skill in the art will appreciate that any 

Small molecule that specifically binds to a desired target, as 
described herein, can be used in accordance with the present 
invention. 

Protein Targeting Moieties. In some embodiments, a 
targeting moiety in accordance with the present invention 
may be a protein or peptide. In certain embodiments, pep 
tides range from about 5 to about 100, from about 5 to about 
50, from about 10 to about 75, from about 15 to about 50, 
or from about 20 to about 25 amino acids in size. In some 
embodiments, a peptide sequence can be based on the 
sequence of a protein. In some embodiments, a peptide 
sequence can be a random arrangement of amino acids. 
The terms “polypeptide' and "peptide' are used inter 

changeably herein, with "peptide' typically referring to a 
polypeptide having a length of less than about 100 amino 
acids. Polypeptides may contain L-amino acids, D-amino 
acids, or both and may contain any of a variety of amino acid 
modifications or analogs known in the art. Useful modifi 
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cations include, e.g., terminal acetylation, amidation, lipi 
dation, phosphorylation, glycosylation, acylation, farnesy 
lation, Sulfation, etc. 

Exemplary proteins that may be used as targeting moieties 
in accordance with the present invention include, but are not 
limited to, antibodies, receptors, cytokines, peptide hor 
mones, glycoproteins, glycopeptides, proteoglycans, pro 
teins derived from combinatorial libraries (e.g., AvimersTM, 
Affibodies(R), etc.), and characteristic portions thereof. Syn 
thetic binding proteins such as NanobodiesTM, AdNectinsTM, 
etc., can be used. In some embodiments, protein targeting 
moieties can be peptides. 
One of ordinary skill in the art will appreciate that any 

protein and/or peptide that specifically binds to a desired 
target, as described herein, can be used in accordance with 
the present invention. 

In Some embodiments, a targeting moiety may be an 
antibody and/or characteristic portion thereof. The term 
“antibody' refers to any immunoglobulin, whether natural 
or wholly or partially synthetically produced and to deriva 
tives thereof and characteristic portions thereof. An antibody 
may be monoclonal or polyclonal. An antibody may be a 
member of any immunoglobulin class, including any of the 
human classes: IgG, IgM, IgA, Ig|D, and IgE. 
As used herein, an antibody fragment (i.e. characteristic 

portion of an antibody) refers to any derivative of an 
antibody which is less than full-length. In some embodi 
ments, an antibody fragment retains at least a significant 
portion of the full-length antibody's specific binding ability. 
Examples of Such antibody fragments include, but are not 
limited to, Fab, Fab', F(ab')2, scFv, Fv, dsFv diabody, and Fd 
fragments. Antibody fragments also include, but are not 
limited, to Fc fragments. 
An antibody fragment may be produced by any means. 

For example, an antibody fragment may be enzymatically or 
chemically produced by fragmentation of an intact antibody 
and/or it may be recombinantly produced from a gene 
encoding the partial antibody sequence. Alternatively or 
additionally, an antibody fragment may be wholly or par 
tially synthetically produced. An antibody fragment may 
optionally comprise a single chain antibody fragment. Alter 
natively or additionally, an antibody fragment may comprise 
multiple chains which are linked together, for example, by 
disulfide linkages. An antibody fragment may optionally 
comprise a multimolecular complex. A functional antibody 
fragment will typically comprise at least about 50 amino 
acids and more typically will comprise at least about 200 
amino acids. 

In some embodiments, antibodies may include chimeric 
(e.g. “humanized”) and single chain (recombinant) antibod 
ies. In some embodiments, antibodies may have reduced 
effector functions and/or bispecific molecules. In some 
embodiments, antibodies may include fragments produced 
by a Fab expression library. 

Single-chain FVS (ScPVs) are recombinant antibody frag 
ments consisting of only the variable light chain (VL) and 
variable heavy chain (VH) covalently connected to one 
another by a polypeptide linker. Either VL or VH may 
comprise the NH2-terminal domain. The polypeptide linker 
may be of variable length and composition so long as the 
two variable domains are bridged without significant steric 
interference. Typically, linkers primarily comprise stretches 
of glycine and serine residues with Some glutamic acid or 
lysine residues interspersed for solubility. 

Diabodies are dimeric scFvs. Diabodies typically have 
shorter peptide linkers than most schvs, and they often show 
a preference for associating as dimers. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

58 
An Fv fragment is an antibody fragment which consists of 

one VH and one VL domain held together by noncovalent 
interactions. The term “dsFv as used herein refers to an Fv 
with an engineered intermolecular disulfide bond to stabilize 
the VH-VL pair. 
An F(ab')2 fragment is an antibody fragment essentially 

equivalent to that obtained from immunoglobulins by diges 
tion with an enzyme pepsin at pH 4.0-4.5. The fragment may 
be recombinantly produced. 
A Fab' fragment is an antibody fragment essentially 

equivalent to that obtained by reduction of the disulfide 
bridge or bridges joining the two heavy chain pieces in the 
F(ab')2 fragment. The Fab' fragment may be recombinantly 
produced. 
A Fab fragment is an antibody fragment essentially 

equivalent to that obtained by digestion of immunoglobulins 
with an enzyme (e.g., papain). The Fab fragment may be 
recombinantly produced. The heavy chain segment of the 
Fab fragment is the Fd piece. 

Carbohydrate Targeting Moieties. In some embodiments, 
a targeting moiety in accordance with the present invention 
may comprise a carbohydrate. In some embodiments, a 
carbohydrate may be a polysaccharide comprising simple 
Sugars (or their derivatives) connected by glycosidic bonds, 
as known in the art. Such Sugars may include, but are not 
limited to, glucose, fructose, galactose, ribose, lactose, 
Sucrose, maltose, trehalose, cellbiose, mannose, Xylose, ara 
binose, glucoronic acid, galactoronic acid, mannuronic acid, 
glucosamine, galatosamine, and neuramic acid. In some 
embodiments, a carbohydrate may be one or more of pull 
lulan, cellulose, microcrystalline cellulose, hydroxypropyl 
methylcellulose, hydroxycellulose, methylcellulose, dex 
tran, cyclodextran, glycogen, starch, hydroxyethylstarch, 
carageenan, glycon, amylose, chitosan, N.O-carboxylmeth 
ylchitosan, algin and alginic acid, starch, chitin, heparin, 
konjac, glucommannan, pustulan, heparin, hyaluronic acid, 
curdlan, and Xanthan. 

In some embodiments, the carbohydrate may be aminated, 
carboxylated, and/or Sulfated. In some embodiments, hydro 
philic polysaccharides can be modified to become hydro 
phobic by introducing a large number of side-chain hydro 
phobic groups. In some embodiments, a hydrophobic 
carbohydrate may include cellulose acetate, pullulan acetate, 
konjac acetate, amylose acetate, and dextran acetate. 
One of ordinary skill in the art will appreciate that any 

carbohydrate that specifically binds to a desired target, as 
described herein, can be used in accordance with the present 
invention. 

Lipid Targeting Moieties. In some embodiments, a tar 
geting moiety in accordance with the present invention may 
comprise one or more fatty acid groups or salts thereof. In 
Some embodiments, a fatty acid group may comprise digest 
ible, long chain (e.g., Cs-Co), Substituted or unsubstituted 
hydrocarbons. In some embodiments, a fatty acid group may 
be a Co-Co fatty acid or salt thereof. In some embodiments, 
a fatty acid group may be a Cs-Co fatty acid or salt thereof. 
In some embodiments, a fatty acid group may be a Cs-Cs 
fatty acid or salt thereof. In some embodiments, a fatty acid 
group may be unsaturated. In some embodiments, a fatty 
acid group may be monounsaturated. In some embodiments, 
a fatty acid group may be polyunsaturated. In some embodi 
ments, a double bond of an unsaturated fatty acid group may 
be in the cis conformation. In some embodiments, a double 
bond of an unsaturated fatty acid may be in the trans 
conformation. 

In some embodiments, a fatty acid group may be one or 
more of butyric, caproic, caprylic, capric, lauric, myristic, 
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palmitic, Stearic, arachidic, behenic, or lignoceric acid. In 
Some embodiments, a fatty acid group may be one or more 
of palmitoleic, oleic, vaccenic, linoleic, alpha-linoleic, 
gamma-linoleic, arachidonic, gadoleic, arachidonic, eicosa 
pentaenoic, docosahexaenoic, or erucic acid. 5 
One of ordinary skill in the art will appreciate that any 

fatty acid group that specifically binds to a desired target, as 
described herein, can be used in accordance with the present 
invention. 

Novel Targeting Moieties 
Any novel targeting moiety can be utilized in the nano 

carriers in accordance with the present invention. Any 
method known in the art can be used to design, identify, 
and/or isolate novel targeting moieties. For example, stan 
dard techniques utilizing libraries of molecules and in vitro 
binding assays can be utilized to identify novel targeting 
moieties. 

Nucleic acid targeting moieties (e.g. aptamers, 
Spiegelmers(R) may be designed and/or identified using any 20 
available method. In some embodiments, nucleic acid tar 
geting moieties are designed and/or identified by identifying 
nucleic acid targeting moieties from a candidate mixture of 
nucleic acids. Systemic Evolution of Ligands by Exponen 
tial Enrichment (SELEX), or a variation thereof, is a com- 25 
monly used method of identifying nucleic acid targeting 
moieties that bind to a target from a candidate mixture of 
nucleic acids (see, e.g., U.S. Pat. Nos. 6,482.594; 6,458,543: 
6,458,539; 6,376, 190; 6,344,318; 6.242,246; 6,184,364: 
6,001,577; 5,958,691; 5,874,218; 5,853,984; 5,843,732: 30 
5,843,653; 5,817,785; 5,789,163; 5,763,177; 5,696,249; 
5,660,985: 5,595,877; 5,567,588; and 5,270,163; each of 
which is incorporated herein by reference). Alternatively or 
additionally, Polyplex In Vivo Combinatorial Optimization 
(PICO) is a method that can be used to identify nucleic acid 35 
targeting moieties (e.g. aptamers) that bind to a target from 
a candidate mixture of nucleic acids in vivo and/or in vitro 
and is described in co-pending PCT Application US06/ 
47975, entitled “System for Screening Particles.” filed Dec. 
15, 2006, which is incorporated herein by reference. 40 

Immunostimulatory Agents 
In some embodiments, nanocarriers may transport one or 

more immunostimulatory agents which can help stimulate 
immune responses. In some embodiments, immunostimula 
tory agents boost immune responses by activating APCs to 45 
enhance their immunostimulatory capacity. In some embodi 
ments, immunostimulatory agents boost immune responses 
by amplifying lymphocyte responses to specific antigens. In 
Some embodiments, immunostimulatory agents boost 
immune responses by inducing the local release of media- 50 
tors, such as cytokines from a variety of cell types. In some 
embodiments, the immunostimulatory agents Suppress or 
redirect an immune response. In some embodiments, the 
immunostimulatory agents induce regulatory T cells. 

In some embodiments, all of the immunostimulatory 55 
agents of a vaccine nanocarrier are identical to one another. 
In some embodiments, a vaccine nanocarrier comprises a 
number of different types of immunostimulatory agents. In 
Some embodiments, a vaccine nanocarrier comprises mul 
tiple individual immunostimulatory agents, all of which are 60 
identical to one another. In some embodiments, a vaccine 
nanocarrier comprises exactly one type of immunostimula 
tory agent. In some embodiments, a vaccine nanocarrier 
comprises exactly two distinct types of immunostimulatory 
agents. In some embodiments, a vaccine nanocarrier com- 65 
prises greater than two distinct types of immunostimulatory 
agents. 
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In some embodiments, a vaccine nanocarrier comprises a 

single type of immunostimulatory agent that stimulates both 
B cells and T cells. In some embodiments, a vaccine 
nanocarrier comprises two types of immunostimulatory 
agents, wherein first type of immunostimulatory agent 
stimulates B cells, and the second type of immunostimula 
tory agent stimulates T cells. In some embodiments, a 
vaccine nanocarrier comprises greater than two types of 
immunostimulatory agents, wherein one or more types of 
immunostimulatory agents stimulate B cells, and one or 
more types of immunostimulatory agents stimulate T cells. 

In some embodiments, a vaccine nanocarrier comprises at 
least one type of immunostimulatory agent that is associated 
with the exterior surface of the vaccine nanocarrier. In some 
embodiments, the association is covalent. In some embodi 
ments, the covalent association is mediated by one or more 
linkers. In some embodiments, the association is non-cova 
lent. In some embodiments, the non-covalent association is 
mediated by charge interactions, affinity interactions, metal 
coordination, physical adsorption, host-guest interactions, 
hydrophobic interactions, TT stacking interactions, hydro 
gen bonding interactions, van der Waals interactions, mag 
netic interactions, electrostatic interactions, dipole-dipole 
interactions, and/or combinations thereof. Association of 
immunostimulatory agents with vaccine nanocarriers is 
described in further detail below, in the section entitled 
“Production of Vaccine Nanocarriers.” 

In some embodiments, a vaccine nanocarrier comprises a 
lipid membrane (e.g., lipid bilayer, lipid monolayer, etc.), 
wherein at least one type of immunostimulatory agent is 
associated with the lipid membrane. In some embodiments, 
at least one type of immunostimulatory agent is embedded 
within the lipid membrane. In some embodiments, at least 
one type of immunostimulatory agent is embedded within 
the lumen of a lipid bilayer. In some embodiments, a vaccine 
nanocarrier comprises at least one type of immunostimula 
tory agent that is associated with the interior surface of the 
lipid membrane. In some embodiments, at least one type of 
immunostimulatory agent is encapsulated with the lipid 
membrane of a vaccine nanocarrier. In some embodiments, 
at least one type of immunostimulatory agent may be located 
at multiple locations of a vaccine nanocarrier. For example, 
a first type of immunostimulatory agent may be embedded 
within a lipid membrane, and a second type of immunos 
timulatory agent may be encapsulated within the lipid mem 
brane of a vaccine nanocarrier. To give another example, a 
first type of immunostimulatory agent may be associated 
with the exterior surface of a lipid membrane, and a second 
type of immunostimulatory agent may be associated with the 
interior Surface of the lipid membrane of a vaccine nano 
carrier. In some embodiments, a first type of immunostimu 
latory agent may be embedded within the lumen of a lipid 
bilayer of a vaccine nanocarrier, and the lipid bilayer may 
encapsulate a polymeric matrix throughout which a second 
type of immunostimulatory agent is distributed. In some 
embodiments, a first type of immunostimulatory agent and 
a second type of immunostimulatory agent may be in the 
same locale of a vaccine nanocarrier (e.g., they may both be 
associated with the exterior Surface of a vaccine nanocarrier; 
they may both be encapsulated within the vaccine nanocar 
rier; etc.). One of ordinary skill in the art will recognize that 
the preceding examples are only representative of the many 
different ways in which multiple immunostimulatory agents 
may be associated with different locales of vaccine nano 
carriers. Multiple immunostimulatory agents may be located 
at any combination of locales of vaccine nanocarriers. 
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In certain embodiments, immunostimulatory agents may 
be interleukins, interferon, cytokines, etc. In specific 
embodiments, an immunostimulatory agent may be a natural 
or synthetic agonist for a Toll-like receptor (TLR). In 
specific embodiments, vaccine nanocarriers incorporate a 
ligand for toll-like receptor (TLR)-7, such as CpGs, which 
induce type I interferon production. In specific embodi 
ments, an immunostimulatory agent may be an agonist for 
the DC surface molecule CD40. In certain embodiments, to 
stimulate immunity rather than tolerance, a nanocarrier 
incorporates an immunostimulatory agent that promotes DC 
maturation (needed for priming of naive T cells) and the 
production of cytokines, such as type I interferons, which 
promote antibody responses and anti-viral immunity. In 
Some embodiments, an immunomodulatory agent may be a 
TLR-4 agonist, such as bacterial lipopolysacharide (LPS), 
VSV-G, and/or HMGB-1. In some embodiments, immuno 
modulatory agents are cytokines, which are Small proteins or 
biological factors (in the range of 5 kD-20 kD) that are 
released by cells and have specific effects on cell-cell 
interaction, communication and behavior of other cells. In 
Some embodiments, immunostimulatory agents may be 
proinflammatory stimuli released from necrotic cells (e.g., 
urate crystals). In some embodiments, immunostimulatory 
agents may be activated components of the complement 
cascade (e.g., CD21, CD35, etc.). In some embodiments, 
immunostimulatory agents may be activated components of 
immune complexes. The immunostimulatory agents include 
TLR-1, TLR-2, TLR-3, TLR-4, TLR-5, TLR-6, TLR-7, 
TLR-8, TLR-9, and TLR-10 agonists. The immunostimula 
tory agents also include complement receptor agonists, such 
as a molecule that binds to CD21 or CD35. In some 
embodiments, the complement receptor agonist induces 
endogenous complement opSonization of the nanocarrier. 
Immunostimulatory agents also include cytokine receptor 
agonists, such as a cytokine. In some embodiments, the 
cytokine receptor agonist is a small molecule, antibody, 
fusion protein, or aptamer. 

In some embodiments, there are more than one type of 
immunostimulatory agent. In some embodiments, the dif 
ferent immunostimulatory agents each act on a different 
pathway. The immunostimulatory agents, therefore, can be 
different Toll-like receptors, a Toll-like receptor and CD40, 
a Toll-like receptor and a component of the inflammasome, 
etc. 

In Some embodiments, the present invention provides 
pharmaceutical compositions comprising vaccine nanocar 
riers formulated with one or more adjuvants. The term 
“adjuvant, as used herein, refers to an agent that does not 
constitute a specific antigen, but boosts the immune 
response to the administered antigen. 

In some embodiments, vaccine nanocarriers are formu 
lated with one or more adjuvants such as gel-type adjuvants 
(e.g., aluminum hydroxide, aluminum phosphate, calcium 
phosphate, etc.), microbial adjuvants (e.g., immunomodula 
tory DNA sequences that include CpG motifs; endotoxins 
Such as monophosphoryl lipid A. exotoxins such as cholera 
toxin, E. coli heat labile toxin, and pertussis toxin; muramyl 
dipeptide, etc.); oil-emulsion and emulsifier-based adjuvants 
(e.g., Freund's Adjuvant, MF59 Novartis, SAF, etc.); par 
ticulate adjuvants (e.g., liposomes, biodegradable micro 
spheres, saponins, etc.); synthetic adjuvants (e.g., nonionic 
block copolymers, muramyl peptide analogues, polyphosp 
haZene, synthetic polynucleotides, etc.), and/or combina 
tions thereof. Other exemplary adjuvants include some poly 
mers (e.g., polyphosphaZenes, described in U.S. Pat. No. 
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5,500,161, which is incorporated herein by reference), 
QS21, squalene, tetrachlorodecaoxide, etc. 

Assays for T Cell Activation 
In some embodiments, various assays can be utilized in 

order to determine whether an immune response has been 
stimulated in a T cell or group of T cells (i.e., whether a T 
cell or group of T cells has become “activated'). In some 
embodiments, stimulation of an immune response in T cells 
can be determined by measuring antigen-induced production 
of cytokines by T cells. In some embodiments, stimulation 
of an immune response in T cells can be determined by 
measuring antigen-induced production of IFNY, IL-4, IL-2, 
IL-10, IL-17 and/or TNFC. by T cells. In some embodiments, 
antigen-produced production of cytokines by T cells can be 
measured by intracellular cytokine staining followed by flow 
cytometry. In some embodiments, antigen-induced produc 
tion of cytokines by T cells can be measured by surface 
capture staining followed by flow cytometry. In some 
embodiments, antigen-induced production of cytokines by T 
cells can be measured by determining cytokine concentra 
tion in Supernatants of activated T cell cultures. In some 
embodiments, this can be measured by ELISA. 

In some embodiments, antigen-produced production of 
cytokines by T cells can be measured by ELISPOT assay. In 
general, ELISPOT assays employ a technique very similar to 
the sandwich enzyme-linked immunosorbent assay (ELISA) 
technique. An antibody (e.g. monoclonal antibody, poly 
clonal antibody, etc.) is coated aseptically onto a PVDF 
(polyvinylidene fluoride)-backed microplate. Antibodies are 
chosen for their specificity for the cytokine in question. The 
plate is blocked (e.g. with a serum protein that is non 
reactive with any of the antibodies in the assay). Cells of 
interest are plated out at varying densities, along with 
antigen or mitogen, and then placed in a humidified 37° C. 
CO incubator for a specified period of time. Cytokine 
secreted by activated cells is captured locally by the coated 
antibody on the high surface area PVDF membrane. After 
washing the wells to remove cells, debris, and media com 
ponents, a secondary antibody (e.g., a biotinylated poly 
clonal antibody) specific for the cytokine is added to the 
wells. This antibody is reactive with a distinct epitope of the 
target cytokine and thus is employed to detect the captured 
cytokine. Following a wash to remove any unbound bioti 
nylated antibody, the detected cytokine is then visualized 
using an avidin-HRP, and a precipitating Substrate (e.g., 
AEC, BCIP/NBT). The colored end product (a spot, usually 
a blackish blue) typically represents an individual cytokine 
producing cell. Spots can be counted manually (e.g., with a 
dissecting microscope) or using an automated reader to 
capture the microwell images and to analyze spot number 
and size. In some embodiments, each spot correlates to a 
single cytokine-producing cell. 

In some embodiments, an immune response in T cells is 
said to be stimulated if between about 1% and about 100% 
of antigen-specific T cells produce cytokines. In some 
embodiments, an immune response in T cells is said to be 
stimulated if at least about 1%, at least about 5%, at least 
about 10%, at least about 25%, at least about 50%, at least 
about 75%, at least about 90%, at least about 95%, at least 
about 99%, or about 100% of antigen-specific T cells 
produce cytokines. 

In some embodiments, an immune response in T cells is 
said to be stimulated if immunized subjects comprise at least 
about 10-fold, at least about 50-fold, at least about 100-fold, 
at least about 500-fold, at least about 1000-fold, at least 
about 5000-fold, at least about 10,000-fold, at least about 
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50,000-fold, at least about 100,000-fold, or greater than at 
least about 100,000-fold more cytokine-producing cells than 
do naive controls. 

In some embodiments, stimulation of an immune 
response in T cells can be determined by measuring antigen 
induced proliferation of T cells. In some embodiments, 
antigen-induced proliferation may be measured as uptake of 
H-thymidine in dividing T cells (sometimes referred to as 
“lymphocyte transformation test, or “LTT). In some 
embodiments, antigen-induced proliferation is said to have 
occurred if H-thymidine uptake (given as number of counts 
from a Y counter) is at least about 5-fold, at least about 
10-fold, at least about 20-fold, at least about 50-fold, at least 
about 100-fold, at least about 500-fold, at least about 1000 
fold, at least about 5000-fold, at least about 10,000-fold, or 
greater than at least about 10,000-fold higher than a naive 
control. 

In some embodiments, antigen-induced proliferation may 
be measured by flow cytometry. In some embodiments, 
antigen-induced proliferation may be measured by a car 
boxyfluorescein succinimidyl ester (CFSE) dilution assay. 
CFSE is a non-toxic, fluorescent, membrane-permeating dye 
that binds the amino groups of cytoplasmic proteins with its 
Succinimidyl-reactive group (e.g. T cell proteins). When 
cells divide, CFSE-labeled proteins are equally distributed 
between the daughter cells, thus halving cell fluorescence 
with each division. Consequently, antigen-specific T cells 
lose their fluorescence after culture in the presence of the 
respective antigen (CFSE") and are distinguishable from 
other cells in culture (CFSE""). In some embodiments, 
antigen-induced proliferation is said to have occurred if 
CFSE dilution (given as the percentage of CFSE'" cells out 
of all CFSE" cells) is at least about 5%, at least about 10%, 
at least about 25%, at least about 50%, at least about 75%, 
at least about 90%, at least about 95%, or at least about 
100%. 

In some embodiments, an immune response in T cells is 
said to be stimulated if cellular markers of T cell activation 
are expressed at different levels (e.g. higher or lower levels) 
relative to unstimulated cells. In some embodiments, CD11a 
CD27, CD25, CD40L, CD44, CD45RO, and/or CD69 are 
more highly expressed in activated T cells than in unstimu 
lated T cells. In some embodiments, L-selectin (CD62L). 
CD45RA, and/or CCR7 are less highly expressed in acti 
vated T cells than in unstimulated T cells. 

In some embodiments, an immune response in T cells is 
measured by assaying cytotoxicity by effector CD8" T cells 
against antigen-pulsed target cells. For example, a "chro 
mium (Cr) release assay can be performed. In this assay, 
effector CD8" T cells bind infected cells presenting virus 
peptide on class I MHC and signal the infected cells to 
undergo apoptosis. If the cells are labeled with 'Cr before 
the effector CD8" T cells are added, the amount of 'Cr 
released into the Supernatant is proportional to the number of 
targets killed. 
One of ordinary skill in the art will recognize that the 

assays described above are only exemplary methods which 
could be utilized in order to determine whether T cell 
activation has occurred. Any assay known to one of skill in 
the art which can be used to determine whether T cell 
activation has occurred falls within the scope of this inven 
tion. The assays described herein as well as additional assays 
that could be used to determine whether T cell activation has 
occurred are described in Current Protocols in Immunology 
(John Wiley & Sons, Hoboken, N.Y., 2007: incorporated 
herein by reference). 
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B Cells 
The present invention provides vaccine nanocarriers for 

delivery of for example, immunomodulatory agents to the 
cells of the immune system. In some embodiments, vaccine 
nanocarriers comprise at least one immunomodulatory agent 
which can be presented to B cells (i.e., B cell antigens). 

Immunomodulatory Agents 
B cells and T cells recognize antigen by different mecha 

nisms. As described above, T cells recognize antigen in a 
processed form (e.g., as a peptide fragment presented by an 
APC's MHC molecule to the T cell receptor). B cells 
recognize antigens in their native form. B cells recognize 
free (e.g., soluble) antigen in blood or lymph using B cell 
receptors (BCRs) and/or membrane bound-immunoglobu 
lins. 
The immunomodulatory agent can be a B cell antigen. B 

cell antigens include, but are not limited to proteins, pep 
tides, Small molecules, and carbohydrates. In some embodi 
ments, the B cell antigen is a non-protein antigen (i.e., not 
a protein or peptide antigen). In some embodiments, the B 
cell antigen is a carbohydrate associated with an infectious 
agent. In some embodiments, the B cell antigen is a glyco 
protein or glycopeptide associated with an infectious agent. 
The infectious agent can be a bacterium, virus, fungus, 
protozoan, or parasite. In some embodiments, the B cell 
antigen is a poorly immunogenic antigen. In some embodi 
ments, the B cell antigen is an abused Substance or a portion 
thereof. In some embodiments, the B cell antigen is an 
addictive substance or a portion thereof. Addictive sub 
stances include, but are not limited to, nicotine, a narcotic, 
a cough Suppressant, a tranquilizer, and a sedative. 
Examples of addictive substances include those provided 
elsewhere herein. 

In some embodiments, the B cell antigen is a toxin, Such 
as a toxin from a chemical weapon. In some embodiments, 
the toxin from a chemical weapon is botulinum toxin or 
phosphene. Toxins from a chemical weapon include, but are 
not limited to, O-Alkyl (<C10, incl. cycloalkyl) alkyl (Me. 
Et, n-Pror i-Pr)-phosphonofluoridates (e.g. Sarin: O-Isopro 
pyl methylphosphonofluoridate. Soman: O-Pinacolyl meth 
ylphosphonofluoridate), O-Alkyl (<C10, incl. cycloalkyl) 
N,N-dialkyl (Me, Et, n-Pror i-Pr) phosphoramidocyanidates 
(e.g. Tabun: O-Ethyl N,N-dimethylphosphoramidocyani 
date), O-Alkyl (H or <C10, incl. cycloalkyl)S-2-dialkyl 
(Me, Et, n-Pror i-Pr)-aminoethyl alkyl (Me, Et, n-Pror i-Pr) 
phosphonothiolates and corresponding alkylated or proto 
nated salts (e.g. VX: O-Ethyl S-2-diisopropylaminoethyl 
methylphosphonothiolate), Sulfur mustards: 2-Chloroethyl 
chloromethylsulfide, Mustard gas: Bis(2-chloroethyl)sul 
fide, Bis(2-chloroethylthio)methane, Sesquimustard: 1,2- 
Bis(2-chloroethylthio)ethane, 1,3-Bis(2-chloroethylthio)-n- 
propane, 1,4-Bis(2-chloroethylthio)-n-butane, 1.5-Bis(2- 
chloroethylthio)-n-pentane, Bis(2-chloroethylthiomethyl) 
ether, O-Mustard: Bis(2-chloroethylthioethyl)ether, 
Lewisites: Lewisite 1: 2-Chlorovinyldichloroarsine, 
Lewisite 2: Bis(2-chlorovinyl)chloroarsine, Lewisite 3: Tris 
(2-chlorovinyl)arsine, Nitrogen mustards: HN1: Bis(2-chlo 
roethyl)ethylamine, HN2: Bis(2-chloroethyl)methylamine, 
HN3: Tris(2-chloroethyl)amine, Saxitoxin, Ricin, Amiton: 
O.O-Diethyl S-(2-(diethylamino)ethyl)phosphorothiolate 
and corresponding alkylated or protonated salts, PFIB: 1,1, 
3,3,3-Pentafluoro-2-(trifluoromethyl)-1-propene, 3-Quinu 
clidinyl benzilate (BZ). Phosgene: Carbonyl dichloride, 
Cyanogen chloride, Hydrogen cyanide and Chloropicrin: 
Trichloronitromethane. 
The B cell antigen may also be a hazardous environmental 

agent. Hazardous environmental agents include, but are not 
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limited to, arsenic, lead, mercury, vinyl chloride, polychlo 
rinated biphenyls, benzene, polycyclic aromatic hydrocar 
bons, cadmium, benzo(a)pyrene, benzo(b)fluoranthene, 
chloroform, DDT, PP'-, aroclor 1254, aroclor 1260, dibenzo 
(a.h)anthracene, trichloroethylene, dieldrin, chromium 
hexavalent, and DDE, P.P. Examples of such agents include 
those provided elsewhere herein. 

In some embodiments, the B cell antigen is a self antigen. 
In other embodiments, the B cell antigen is an alloantigen, 
an allergen, a contact sensitizer, a degenerative disease 
antigen, a hapten, an infectious disease antigen, a cancer 
antigen, an atopic disease antigen, an autoimmune disease 
antigen, an addictive substance, a Xenoantigen, or a meta 
bolic disease enzyme or enzymatic product thereof. 
Examples of Such antigens include those provided elsewhere 
herein. 
As described above, the present invention provides vac 

cine nanocarriers comprising, for example, one or more 
immunomodulatory agents. In some embodiments, inven 
tive nanocarriers comprising one or more immunomodula 
tory agents are used as vaccines. In some embodiments, 
antigen presentation to B cells can be optimized by present 
ing structurally intact immunomodulatory agents on the 
Surface of nanocarriers. In some embodiments, structurally 
intact immunomodulatory agents are presented on the Sur 
face of vaccine nanocarriers at high copy number and/or 
density. 

In some embodiments, an immunomodulatory agent may 
comprise isolated and/or recombinant proteins or peptides, 
inactivated organisms and viruses, dead organisms and 
virus, genetically altered organisms or viruses, and cell 
extracts. In some embodiments, an immunomodulatory 
agent may comprise nucleic acids, carbohydrates, lipids, 
and/or Small molecules. In some embodiments, an immu 
nomodulatory agent is one that elicits an immune response. 
In some embodiments, an immunomodulatory agent is an 
antigen. In some embodiments, an immunomodulatory 
agent is used for vaccines. Further description of immuno 
modulatory agents can be found in the section above entitled 
B Cells. 
As discussed above, a vaccine nanocarrier may comprise 

a single type of immunomodulatory agent that stimulates 
both B cells and T cells. In some embodiments, a vaccine 
nanocarrier comprises two types of immunomodulatory 
agents, wherein first type of immunomodulatory agent 
stimulates B cells, and the second type of immunomodula 
tory agent stimulates T cells. In some embodiments, a 
vaccine nanocarrier comprises greater than two types of 
immunomodulatory agents, wherein one or more types of 
immunomodulatory agents stimulate B cells, and one or 
more types of immunomodulatory agents stimulate T cells. 

Targeting Moieties 
As discussed above, inventive nanocarriers comprise one 

or more targeting moieties. For a discussion of general and 
specific properties of targeting moieties in accordance with 
the present invention, see the Subheading entitled “Targeting 
Moieties” in the section above entitled “T Cells.” In some 
embodiments, targeting moieties target particular cell types. 
In certain embodiments, a target is a B cell marker. In some 
embodiments, a B cell target is an antigen that is expressed 
in B cells but not in non-B cells. In some embodiments, a B 
cell target is an antigen that is more prevalent in B cells than 
in non-B cells. 

In certain embodiments, a target is a SCS-Mph marker. In 
Some embodiments, an SCS-Mph target is an antigen that is 
expressed in SCS-Mph but not in non-SCS-Mph. In some 
embodiments, an SCS-Mph target is an antigen that is more 
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prevalent in SCS-Mph than in non-SCS-Mph. Exemplary 
SCS-Mph markers are listed below in the section entitled 
“Subcapsular Sinus Macrophage Cells' and include those 
provided elsewhere herein. 

In certain embodiments, a target is a FDC marker. In some 
embodiments, an FDC target is an antigen that is expressed 
in FDCs but not in non-FDCs. In some embodiments, an 
FDC target is an antigen that is more prevalent in FDCs than 
in non-FDCs. Exemplary FDC markers are listed below in 
the section entitled "Follicular Dendritic Cells' and include 
those provided elsewhere herein. 

In some embodiments, a target is preferentially expressed 
in particular cell types. For example, expression of an 
SCS-Mph, FDC, and/or B cell target in SCS-Mph, FDCs, 
and/or B cells is at least 2-fold, at least 3-fold, at least 4-fold, 
at least 5-fold, at least 10-fold, at least 20-fold, at least 
50-fold, at least 100-fold, at least 500-fold, or at least 
1000-fold overexpressed in SCS-Mph, FDCs, and/or B cells 
relative to a reference population. In some embodiments, a 
reference population may comprise non-SCS-Mph, FDCs, 
and/or B cells. 

In some embodiments, expression of an SCS-Mph, FDC, 
and/or B cell target in activated SCS-Mph, FDCs, and/or B 
cells is at least 2-fold, at least 3-fold, at least 4-fold, at least 
5-fold, at least 10-fold, at least 20-fold, at least 50-fold, at 
least 100-fold, at least 500-fold, or at least 1000-fold over 
expressed in activated SCS-Mph, FDCs, and/or B cells 
relative to a reference population. In some embodiments, a 
reference population may comprise non-activated SCS 
Mph, FDCs, and/or B cells. 

Subcapsular Sinus Macrophage Cells 
The present invention encompasses the recognition that 

targeting of antigens to Subcapsular sinus macrophages 
(SCS-Mph) is involved in efficient early presentation of 
lymph-borne pathogens. Such as viruses, to follicular B cells 
(FIG. 2). As described in Example 1, following subcutane 
ous injection of vesicular stomatitis virus (VSV) or adeno 
virus (AdW) into the footpad of mice, viral particles were 
efficiently and selectively retained by CD169"SCS-Mph in 
the draining popliteal lymph nodes. VSV-specific B cell 
receptor (BCR) transgenic B cells in these lymph nodes 
were rapidly activated and generated extremely high anti 
body titers upon this viral challenge. Depletion of SCS-Mph 
by injection of liposomes laden with clodronate (which is 
toxic for Mph) abolished early B cell activation, indicating 
that SCS-Mph are essential for the presentation of lymph 
borne particulate antigens to B cells. 
B cells are more potently activated by polyvalent antigens 

that are presented to them on a fixed Surface, rather than in 
solution. While not wishing to be bound by any one theory, 
the present invention Suggests a reason why many enveloped 
viruses (such as VSV) elicit potent neutralizing antibody 
responses to their envelope glycoprotein: the antigenic pro 
tein is presented at a very high density on the Surface of the 
viral particles, and the viral particles are presented to B cells 
in a relatively immotile manner, i.e., bound to the plasma 
membrane of SCS-Mph. The present invention encompasses 
the recognition that vaccine carriers that mimic viral par 
ticles by targeting SCS-Mph upon Subcutaneous injection 
and presenting polyvalent conformationally intact antigens 
on their Surface can stimulate a potent B cell response. 

In some embodiments, SCS-Mph targeting is accom 
plished by moieties that bind CD169 (i.e., sialoadhesin), 
CD11b (i.e., CD11b/CD18, Mac-1, CR3 or CMB2 integrin), 
and/or the mannose receptor (i.e., a multi-valent lectin), 
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proteins which are all prominently expressed on SCS-Mph. 
Examples of such moieties include those provided elsewhere 
herein. 

In some embodiments, SCS-Mph targeting can be accom 
plished by any targeting moiety that specifically binds to any 
entity (e.g., protein, lipid, carbohydrate, Small molecule, 
etc.) that is prominently expressed and/or present on mac 
rophages (i.e., SCS-Mph markers). Exemplary SCS-Mph 
markers include, but are not limited to, CD4 (L3T4, W3/25, 
T4); CD9 (p24, DRAP-1, MRP-1); CD11a (LFA-1C, CL 
Integrin chain); CD11b (CM Integrin chain, CR3. Mo1, 
C3niR, Mac-1); CD11c (OX Integrin, p150, 95, AXb2): 
CDw12 (p90-120): CD13 (APN, gp150, EC 3.4.11.2); CD14 
(LPS-R): CD15 (X-Hapten, Lewis, X, SSEA-1, 3-FAL): 
CD15s (Sialyl Lewis X); CD15u (3' sulpho Lewis X): 
CD15su (6 sulpho-sialyl Lewis X); CD16a (FCRIIIA): 
CD16b (FcgRIIIb); CDw17 (Lactosylceramide, LacCer): 
CD18 (Integrin B2, CD11a,b,c B-subunit); CD26 (DPP IV 
ectoeneyme, ADA binding protein); CD29 (Platelet GPIIa, 
|B-1 integrin, GP); CD31 (PECAM-1, Endocam); CD32 
(FCyRII); CD33 (gp67); CD35 (CR1, C3b/C4b receptor): 
CD36 (GpIIIb, GPIV, PASIV); CD37 (gp52-40); CD38 
(ADP-ribosyl cyclase, T10); CD39 (ATPdehydrogenase, 
NTPdehydrogenase-1); CD40 (Bp50); CD43 (Sialophorin, 
Leukosialin): CD44 (EMCRII, H-CAM, Pgp-1); CD45 
(LCA, T200, B220, Ly5); CD45RA: CD45RB: CD45RC; 
CD45RO (UCHL-1); CD46 (MCP): CD47 (gp42, IAP, 
OA3, Neurophillin): CD47R (MEM-133): CD48 (Blast-1, 
Hulym3, BCM-1, OX-45): CD49a (VLA-1C., C.1 Integrin): 
CD49b (VLA-2a, gpla, C2 Integrin): CD49c (VLA-3C, O.3 
Integrin); CD49e (VLA-5C. C.5 Integrin); CD49f (VLA-6C. 
c.6 Integrin, gplc); CD50 (ICAM-3); CD51 (Integrin C, 
VNR-O, Vitronectin-Ro); CD52 (CAMPATH-1, HE5); 
CD53 (OX-44); CD54 (ICAM-1); CD55 (DAF); CD58 
(LFA-3); CD59 (1F5Ag, H19, Protectin, MACIF, MIRL, 
P-18): CD60a (GD3); CD60b (9-O-acetyl GD3); CD61 (GP 
Ma, B3 Integrin); CD62L (L-selectin, LAM-1, LECAM-1, 
MEL-14, Leu8, TQ1); CD63 (LIMP MLA1, gp55, NGA, 
LAMP-3, ME491); CD64 (FeyRI); CD65 (Ceramide, VIM 
2); CD65s (Sialylated-CD65, VIM2); CD72 (Ly-19.2, 
Ly-32.2, Lyb-2); CD74 (Ii, invariant chain); CD75 (sialo 
masked Lactosamine); CD75S (C.2.6 sialylated Lac 
tosamine); CD80 (B7, B7-1, BB1); CD81 (TAPA-1); CD82 
(4F9, C33, IA4, KAI1, R2); CD84 (p75, GR6); CD85a 
(ILT5, LIR2, HL9); CD85d (ILT4, LIR2, MIR10); CD85 
(ILT2, LIR1, MIR7); CD85k (ILT3, LIR5, HM18); CD86 
(B7-2/B70); CD87 (uPAR): CD88 (C5aR): CD89 (IgA Fc 
receptor, FcotR): CD91 (C.2M-R, LRP): CDw92 (p70); 
CDw93 (GR11); CD95 (APO-1, FAS, TNFRSF6); CD97 
(BL-KDD/F12); CD98 (4F2, FRP-1, RL-388); CD99 
(MIC2, E2); CD99R (CD99 Mab restricted); CD100 
(SEMA4D); CD101 (IGSF2, P126, V7); CD102 (ICAM-2); 
CD111 (PVRL1, HveC, PRR1, Nectin 1, HIgr); CD112 
(HveB, PRR2, PVRL2, Nectin2); CD114 (CSF3R, G-CSRF, 
HG-CSFR): CD115 (c-fms, CSF-1R, M-CSFR): CD116 
(GM-CSFRC); CDw119 (IFNYR, IFNYRA); CD120a 
(TNFRI, p55); CD120b (TNFRII, p75, TNFR p80); CD121b 
(Type 2 IL-1R): CD122 (IL2RB); CD123 (IL-3RC); CD124 
(IL-4RC); CD127 (p90, IL-7R, IL-7RC); CD128a (IL-8Ra, 
CXCR1. (Tentatively renamed as CD181)); CD128b (IL 
8Rb, CSCR2, (Tentatively renamed as CD182)); CD130 
(gp130); CD131 (Common B subunit); CD 132 (Common Y 
chain, IL-2Ry); CDw136 (MSP-R, RON, p158-ron); 
CDw137 (4-1BB, ILA); CD139; CD141 (Thrombomodulin, 
Fetomodulin); CD147 (Basigin, EMMPRIN, M6, OX47); 
CD148 (HPTP-m, p260, DEP-1); CD155 (PVR); CD156a 
(CD156, ADAM8, MS2); CD156b (TACE, ADAM17, 
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cSVP); CDw156C (ADAM10); CD157 (Mo5, BST-1): 
CD162 (PSGL-1); CD164 (MGC-24, MUC-24); CD165 
(AD2, gp37); CD168 (RHAMM, IHABP, HMMR); CD169 
(Sialoadhesin, Siglec-1); CD170 (Siglec 5); CD171 
(L1CAM, NILE); CD172 (SIRP-1C, MyD-1); CD172b 
(SIRPB); CD180 (RP 105, Bgp95, Ly64); CD181 (CXCR1, 
(Formerly known as CD128a)); CD182 (CXCR2. (Formerly 
known as CD128b)); CD184 (CXCR4, NPY3R): CD191 
(CCR1); CD192 (CCR2); CD195 (CCR5); CDw197 (CCR7 
(was CDw197)); CDw198 (CCR8); CD204 (MSR); CD205 
(DEC-25); CD206 (MMR); CD207 (Langerin); CDw?10 
(CK); CD213a (CK); CDw?17 (CK); CD220 (Insulin R): 
CD221 (IGF1 R): CD222 (M6P-R, IGFII-R): CD224 
(GGT): CD226 (DNAM-1, PTA1); CD230 (Prion Protein 
(PrP)); CD232 (VESP-R): CD244 (2B4, P38, NAIL); 
CD245 (p220/240); CD256 (APRIL, TALL2, TNF (ligand) 
superfamily, member 13); CD257 (BLYS, TALL1, TNF 
(ligand) superfamily, member 13b); CD261 (TRAIL-R1, 
TNF-R superfamily, member 10a); CD262 (TRAIL-R2, 
TNF-R superfamily, member 10b); CD263 (TRAIL-R3, 
TNBF-R superfamily, member 10c); CD264 (TRAIL-R4, 
TNF-R superfamily, member 10d); CD265 (TRANCE-R, 
TNF-R superfamily, member 11a); CD277 (BT3.1, B7 fam 
ily: Butyrophilin 3); CD280 (TEM22, ENDO180); CD281 
(TLR1, TOLL-like receptor 1); CD282 (TLR2, TOLL-like 
receptor 2); CD284 (TLR4, TOLL-like receptor 4); CD295 
(LEPR): CD298 (ATP1B3, Na K ATPase, B3 subunit); 
CD300a (CMRF-35H); CD300c (CMRF-35A); CD300e 
(CMRF-35L1); CD302 (DCL1); CD305 (LAIR1); CD312 
(EMR2); CD315 (CD9P1); CD317 (BST2); CD321 
(JAM1); CD322 (JAM2); CDw328 (SiglecT): CDw329 (Si 
glec'9); CD68 (gp 110, Macrosialin); and/or mannose recep 
tor; wherein the names listed in parentheses represent alter 
native names. Examples of Such markers include those 
provided elsewhere herein. 

In some embodiments, SCS-Mph targeting can be accom 
plished by any targeting moiety that specifically binds to any 
entity (e.g., protein, lipid, carbohydrate, Small molecule, 
etc.) that is prominently expressed and/or present on mac 
rophages upon activation (i.e., activated SCS-Mph marker). 
Exemplary activated SCS-Mph markers include, but are not 
limited to, CD1a (R4, T6, HTA-1); CD1b (R1); CD1c 
(M241, R7); CD44R (CD44v, CD44v.9): CD49d (VLA-4C, 
C4 Integrin); CD69 (AIM, EA 1, MLR3, gp34/28, VEA): 
CD105 (Endoglin); CD142 (Tissue factor, Thromboplastin, 
F3); CD143 (ACE, Peptidyl dipeptidase A, Kininase II); 
CD153 (CD3OL, TNSF8); CD163 (M130, GHI/61, RM3/ 
1); CD166 (ALCAM, KG-CAM, SC-1, BEN, 
DM-GRASP); CD227 (MUC1, PUM, PEM, EMA); CD253 
(TRAIL, TNF (ligand) superfamily, member 10); CD273 
(B7DC, PDL2); CD274 (B7H1.PDL1); CD275 (B7H2, 
ICOSL): CD276 (B7H3); CD297 (ART4, ADP-ribosyltrans 
ferase 4; and Dombrock blood group glycoprotein; wherein 
the names listed in parentheses represent alternative names. 
Examples of such markers include those provided elsewhere 
herein. 
B Cell Targeting Moieties 
In some embodiments, B cell targeting can be accom 

plished by moieties that bind the complement receptors, 
CR1 (i.e., CD35) or CR2 (i.e., CD21), proteins which are 
expressed on B cells as well as FDCs. In some embodiments, 
B cell targeting can be accomplished by B cell markers such 
as CD19, CD20, and/or CD22. In some embodiments, B cell 
targeting can be accomplished by B cell markers such as 
CD40, CD52, CD80, CXCR5, VLA-4, class II MHC, sur 
face IgM or Ig), APRL, and/or BAFF-R. The present 
invention encompasses the recognition that simultaneous 




























































