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(57) ABSTRACT 
The absence of regulatory T cells (Treg) may underlie disor 
ders including but not limited to autoimmunity, dermatitis, 
periodontitis and even transplant rejection. Enhancing local 
numbers of Treg through in situ Treg expansion or induction 
is contemplated herein as a treatment option for these disor 
ders. Current methods for in vivo Tregexpansion are not Treg 
specific and are associated with many adverse side-effects. 
The data presented herein provides in vitro testing of a Treg 
inducing microparticle providing a predictable controlled 
release for combinations of cytokines and drugs (e.g., IL-2, 
TGF-B, and/or rapamycin) resulting in targeted Treg migra 
tion. These controlled release microparticles are also capable 
of inducing FoxP3+ Treg in human cells in vitro Suggesting 
that these compositions be developed into an in vivo Treg 
induction and expansion therapy. 
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Figure 7 
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CONTROLLED RELEASE FORMULATIONS 
FOR THE INDUCTION AND 

PROLIFERATION OF BLOOD CELLS 

STATEMENT OF GOVERNMENT INTEREST 

0001. This invention was made with government support 
under grant numbers RR024154 and AIO67541 awarded by 
the National Institutes of Health. The government has certain 
rights in the invention. 

FIELD OF THE INVENTION 

0002 The present invention is related to the treatment of 
immunological disorders, immunological diseases and/or 
transplantation rejection reactions. For example, certain 
embodiments of the invention result in the specific targeting 
of blood cells including but not limited to naive blood cells 
and/or white blood cells (e.g., T cells and/or B cells) to 
affected tissues. In particular, the tissue targeting of the regu 
latory T cells may be accomplished by custom designed 
microparticles that provide a pre-determined controlled 
release of T cell inducing factors or combination of T cell 
inducing factors. Consequently, a plurality of microparticles 
may release inducing factors that differ both temporally and 
spatially resulting in a specific migration behavior or activa 
tion of the target T cell population. 

BACKGROUND 

0003. The science of transplantation, now half of a century 
old, has dramatically increased and improved the life of many 
individuals, including many children, with end stage dis 
eases. Recent advancements in immunosuppressive agents 
have substantially decreased rejection of allografts over the 
past decade and a half in the United States. Hariharan et al., N. 
Engl.J Med342, 605-612 (2000); and First, M.R., Transplant 
Proc 34:1369-1371 (2002). However, to avoid both episodes 
of acute rejection and the initiation of chronic rejection fol 
lowing transplantation, immunosuppressive drugs must be 
administered over the entire life of the organ recipient. 
0004 Consequences of this long-term administration are 
profound, including undesirable side effects, increasing the 
risk of infection, autoimmunity, heart disease, diabetes, and 
cancer. The chronic administration of these immunosuppres 
sive drugs (especially when give systemically) lead to toxicity 
and significant side effects, thereby leaving the patient Vul 
nerable to a variety of diseases and systemic organ failure. 
The most desirable alternative to this extended state of Vul 
nerability would be to render the patient’s immune system to 
effectively suppress immune activation without systemic 
immunosuppression. In this case, no further immunosuppres 
sant drug treatment would be necessary. Furthermore, the 
recipient’s immune system would otherwise function nor 
mally, being capable of combating pathogens and malignant 
tumor cells. What is needed in the art are compositions and 
methods to specifically target induced regulatory T cells to 
specific tissues affected by immunological disorders. 

SUMMARY 

0005. The present invention is related to the treatment of 
immunological disorders, immunological diseases and/or 
transplantation rejection reactions. For example, certain 
embodiments of the invention result in the specific targeting 
of blood cells including but not limited to naive blood cells 
and/or white blood cells (e.g., T cells and/or B cells) to 
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affected tissues. In particular, the tissue targeting of the regu 
latory T cells may be accomplished by custom designed 
microparticles that provide a pre-determined controlled 
release of T cell inducing factors or combination of T cell 
inducing factors. Consequently, a plurality of microparticles 
may release inducing factors that differ both temporally and 
spatially resulting in a specific migration behavior or activa 
tion of the target T cell population. 
0006. In one embodiment, the present invention contem 
plates a method comprising: a) providing: i) a patient com 
prising a target tissue and a blood cell population, wherein the 
target tissue exhibits at least one symptom of a disease; and ii) 
a plurality of microparticle populations wherein each of the 
microparticle populations comprise a different compound, 
and wherein each of the microparticle populations releases 
the different compound with a different release profile; b) 
administering the microparticle to the patient under condi 
tions such that the blood cell population is induced; and c) 
migrating the induced blood cell population to the target 
tissue. In one embodiment, the target tissue is a lymph node 
tissue. In one embodiment, the target tissue is an intestinal 
(e.g., gut) tissue. In one embodiment, the targettissue exhibits 
at least one symptom of a disease. In one embodiment, the 
method further comprises reducing the target tissue at least 
one symptom of a disease with the migrated induced blood 
cell population. In one embodiment, the disease comprises an 
immunological disease. In one embodiment, the different 
compound is a regulatory T cell inducing factor. In one 
embodiment, the regulatory T cell inducing factor includes 
but is not limited to IL-2, vasoactive intestinal peptide, trans 
forming growth factor beta (TGF-B), rapamycin and/or ret 
inoic acid. In one embodiment, the blood cell is a white blood 
cell. In one embodiment, the white blood cell is a T cell. In 
one embodiment, the T cell is a regulatory T cell. In one 
embodiment, the white blood cell is a B cell. In one embodi 
ment, the blood cell is a naive blood cell. In one embodiment, 
each of the plurality of microparticle populations comprises a 
different polymer composition predicted by a mathematical 
algorithm. In one embodiment, the different polymer compo 
sition determines the different release profile. In one embodi 
ment, the different polymer composition comprises a 4.2 kDa 
polymer, a 12.6 kDa polymer and a 55 kDa polymer. In one 
embodiment, the different polymer composition comprises a 
4.2 kDa polymer, a 12.6 kDa polymer and a 100 kDa polymer. 
0007. In one embodiment, the present invention contem 
plates a microparticle comprising a 4.2 kDa polymer, a 12.6 
kDa polymer and a 100 kDa polymer. In one embodiment, the 
microparticle further comprises a compound. In one embodi 
ment, the compound is vasoactive intestinal peptide. In one 
embodiment, the microparticle is comprised of 10.6% of the 
4.2 kDa polymer. In one embodiment, the microparticle is 
comprises of 31.9% of the 12.6 kDa polymer. In one embodi 
ment, the microparticle is comprised of 57.5% of the 100 kDa 
polymer. In one embodiment, the microparticle further com 
prises polyethylene glycol. 
0008. In one embodiment, the present invention contem 
plates a microparticle comprising a 4.2 kDa polymer, a 12.6 
kDa polymer and a 55 kDa polymer. In one embodiment, the 
microparticle further comprises a compound. In one embodi 
ment, the compound is vasoactive intestinal peptide. In one 
embodiment, the microparticle is comprised of 33.3% of the 
4.2 kDa polymer. In one embodiment, the microparticle is 
comprises of 33.3% of the 12.6 kDa polymer. In one embodi 
ment, the microparticle is comprised of 33.3% of the 55 kDa 
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polymer. In one embodiment, the 12.6 kDa polymer is an 
RG502H polymer. In one embodiment, the 55 kDA polymer 
is an RG505 polymer. In one embodiment, the microparticle 
further comprises polyethylene glycol. 
0009. In one embodiment, the present invention contem 
plates a method comprising: a) providing: i) a patient com 
prising a target tissue and a blood cell population, wherein the 
target tissue exhibits at least one symptom of a disease; and ii) 
a plurality of microparticle populations wherein each of the 
microparticle populations comprise a different compound, 
and wherein each of the microparticle populations releases 
the different compound with a different release profile; b) 
administering the microparticle to the patient under condi 
tions such that the blood cell population is induced; and c) 
migrating the induced blood cell population to the target 
tissue. In one embodiment, the target tissue is a pancreatic 
tissue. In one embodiment, the induced blood cell population 
drains into a pancreatic lymph node. In one embodiment, the 
disease comprises Type I diabetes. In one embodiment, the 
target tissue exhibits at least one symptom of a disease. In one 
embodiment, the target tissue is epithelial tissue. In one 
embodiment, the induced blood cell population drains into a 
popliteal lymph node. In one embodiment, the induced blood 
cell population drains into an inguinal lymph node. In one 
embodiment, the disease comprises contact dermatitis. In one 
embodiment, the method further comprises reducing the tar 
get tissue at least one symptom of a disease with the migrated 
induced blood cell population. In one embodiment, the dis 
ease comprises an immunological disease. In one embodi 
ment, the different compound is a regulatory T cell inducing 
factor. In one embodiment, the regulatory T cell inducing 
factor includes, but is not limited to, IL-2, vasoactive intesti 
nal peptide, transforming growth factor beta (TGF-B), rapa 
mycin, retinoic acid, and/or IL-10. In one embodiment, the 
blood cell is a white blood cell. In one embodiment, the white 
blood cell is a T cell. In one embodiment, the T cell is a 
regulatory T cell. In one embodiment, the white blood cell is 
a B cell. In one embodiment, the blood cell is a naive blood 
cell. In one embodiment, each of the plurality of micropar 
ticle populations comprises a different polymer composition 
predicted by a mathematical algorithm. In one embodiment, 
the different polymer composition determines the different 
release profile. In one embodiment, the different polymer 
composition comprises approximately 5 kilodaltons polyeth 
ylene glycol (PEG) at a concentration of approximately 4-6 
wt % and a poly(lactide-co-glycolide) polymer (PLGA). In 
one embodiment, the PLGA is approximately between 7-17 
kilodaltons (e.g., RG502H). In one embodiment, the PLGA is 
approximately between 24-38 kilodaltons (e.g., RG503H). In 
one embodiment, the PLGA is approximately between 38-54 
kilodaltons (e.g., RG504H). In one embodiment, the PEG and 
PLGA is a diblock copolymer. In one embodiment, the PEG 
and PLGA is a PLGA+PLGA-PEG diblock copolymer. In 
one embodiment, the microparticle ranges in diameter 
between approximately 200-1000 nanometers. 
0010. In one embodiment, the present invention contem 
plates a microparticle comprising approximately 5 kilodal 
tons polyethylene glycol (PEG) at a concentration of approxi 
mately 4-6 wt % and a poly(lactide-co-glycolide) polymer 
(PLGA). In one embodiment, the PLGA is approximately 
between 7-17 kilodaltons (e.g., RG502H). In one embodi 
ment, the PLGA is approximately between 24-38 kilodaltons 
(e.g., RG503H). In one embodiment, the PLGA is approxi 
mately between 38-54 kilodaltons (e.g., RG504H). In one 
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embodiment, the PEG and PLGA is a diblock copolymer. In 
one embodiment, the PEG and PLGA is a PLGA+PLGA 
PEG diblock copolymer. In one embodiment, the micropar 
ticle ranges in diameter between approximately 200-1000 
nanometerS. 

0011. In one embodiment, the present invention contem 
plates a kit comprising: a) a first container comprising a 
“FactorMP composition; b) a second container comprising a 
pharmaceutically acceptable vehicle for administration of the 
composition; and c) instructions for administering the com 
position to a patient comprising a target tissue exhibiting at 
least one symptom of a disease. In one embodiment, the 
“FactorMP composition comprises an IL-2MP composition. 
In one embodiment, the “FactorMP composition comprises 
a TGF-3 composition. In one embodiment, the “FactorMP 
composition comprises a rapamycinMP composition. In one 
embodiment, the “FactorMP composition comprises a 
VIPMP composition. In one embodiment, the “FactorMP 
composition comprises an IL-2MP composition. 

DEFINITIONS 

0012. The term “target tissue’ as used herein, refers to any 
bodily tissue that may be affected by a medical condition 
and/or disorder (e.g., an immunological disease) to which a 
populations of regulatory T cells may be directed to by induc 
tion with a combination of T cell inducing factors released 
from microparticles having pre-determined release profiles. 
(0013 The term “blood cell as used herein, refers to any 
biological cell, either nucleated or enucleated, found circu 
lating in the blood stream. 
0014. The term “white blood cell as used herein, refers to 
any blood cell that is colorless, lacks hemoglobin, contains a 
nucleus, and may include but is not limited to lymphocytes, 
monocytes, neutrophils, eosinophils, and basophils—called 
also leukocyte, white blood corpuscle, white cell, and/or 
white corpuscle. 
(0015 The term “T cell as used herein, refers to any of 
several lymphocytes (e.g., helper T cell or regulatory T cell) 
that differentiate in the thymus, possess highly specific cell 
Surface antigen receptors, and include some that control the 
initiation or Suppression of cell-mediated and humoral immu 
nity (as by the regulation of T and B cell maturation and 
proliferation) and others that lyse antigen-bearing cells—also 
referred to as a T lymphocyte 
(0016. The term “B cell as used herein, refers to any of the 
several lymphocytes that have antigen-binding antibody mol 
ecules on the Surface, that comprise the antibody-secreting 
plasma cells when mature, and that in mammals differentiate 
in the bone marrow—also referred to as a B lymphocyte. 
0017. The term “microparticle population” as used herein, 
refers to a collection of microparticles having similar prop 
erties and composition. 
0018. The term “polymer as used herein, refers to any 
unit-based chain of molecules. For example, such molecules 
may include but are not limited to gelatin, collagen, cellulose 
esters, dextran Sulfate, pentosan polysulfate, chitin, saccha 
rides, albumin, synthetic polyvinyl pyrrolidone, polyethylene 
oxide, polypropylene oxide, block polymers of polyethylene 
oxide and polypropylene oxide, polyethylene glycol, acry 
lates, acrylamides, methacrylates including, but not limited 
to, 2-hydroxyethyl methacrylate, poly(ortho esters), 
cyanoacrylates, gelatin-resorcin-aldehyde type bioadhesives, 
polyacrylic acid and copolymers and block copolymers 
thereof. 
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0019. The term, “microparticle' as used herein, refers to 
any microscopic carrier to which a compound or drug may be 
attached. Preferably, microparticles contemplated by this 
invention are capable of formulations having controlled 
release properties. 
0020. The term “PLGA as used herein, refers to mixtures 
of polymers or copolymers of lactic acid and glycolic acid. As 
used herein, lactide polymers are chemically equivalent to 
lactic acid polymer and glycolide polymers are chemically 
equivalent to glycolic acid polymers. In one embodiment, 
PLGA contemplates an alternating mixture of lactide and 
glycolide polymers, and is referred to as a poly(lactide-co 
glycolide) polymer. 
0021. The term “at risk for as used herein, refers to a 
medical condition or set of medical conditions exhibited by a 
patient which may predispose the patient to a particular dis 
ease or affliction. For example, these conditions may result 
from influences that include, but are not limited to, behav 
ioral, emotional, chemical, biochemical, or environmental 
influences. 

0022. The term “effective amount’ as used herein, refers 
to a particular amount of a pharmaceutical composition com 
prising atherapeutic agent that achieves a clinically beneficial 
result (i.e., for example, a reduction of symptoms). Toxicity 
and therapeutic efficacy of Such compositions can be deter 
mined by standard pharmaceutical procedures in cell cultures 
or experimental animals, e.g., for determining the LDs (the 
dose lethal to 50% of the population) and the EDs (the dose 
therapeutically effective in 50% of the population). The dose 
ratio between toxic and therapeutic effects is the therapeutic 
index, and it can be expressed as the ratio LDs/EDs. Com 
pounds that exhibit large therapeutic indices are preferred. 
The data obtained from these cell culture assays and addi 
tional animal studies can be used in formulating a range of 
dosage for human use. The dosage of Such compounds lies 
preferably within a range of circulating concentrations that 
include the EDs with little or no toxicity. The dosage varies 
within this range depending upon the dosage form employed, 
sensitivity of the patient, and the route of administration. 
0023 The term "symptom', as used herein, refers to any 
subjective or objective evidence of disease or physical distur 
bance observed by the patient. For example, subjective evi 
dence is usually based upon patient self-reporting and may 
include, but is not limited to, pain, headache, visual distur 
bances, nausea and/or vomiting. Alternatively, objective evi 
dence is usually a result of medical testing including, but not 
limited to, body temperature, complete blood count, lipid 
panels, thyroid panels, blood pressure, heart rate, electrocar 
diogram, tissue and/or body imaging scans. 
0024. The term “transplant rejection reaction' or 'graft 
Versus host disease' as used herein, refers to any activation of 
the immune system Subsequent to the implantation of an 
exogenous tissue and/or organ into a patient that may result in 
damage and/or destruction of the transplanted tissue. Gener 
ally, transplant rejections are believed to be an adaptive 
immune response via cellular immunity (i.e., for example, 
mediated by killer T cells inducing apoptosis of target cells) 
as well as humoral immunity (mediated by activated B cells 
secreting antibody molecules), though the action is joined by 
components of innate immune response (phagocytes and 
soluble immune proteins). 
0025. The term “disease', as used herein, refers to any 
impairment of the normal state of the living animal or plant 
body or one of its parts that interrupts or modifies the perfor 
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mance of the vital functions. Typically manifested by distin 
guishing signs and symptoms, it is usually a response to: i) 
environmental factors (as malnutrition, industrial hazards, or 
climate); ii) Specific infective agents (as worms, bacteria, or 
viruses); iii) inherent defects of the organism (as genetic 
anomalies); and/or iv) combinations of these factors 
(0026. The terms “reduce.” “inhibit,” “diminish.” “sup 
press.” “decrease “prevent' and grammatical equivalents 
(including “lower,” “smaller” etc.) when in reference to the 
expression of any symptom in an untreated Subject relative to 
a treated Subject, mean that the quantity and/or magnitude of 
the symptoms in the treated subject is lower than in the 
untreated Subject by any amount that is recognized as clini 
cally relevant by any medically trained personnel. In one 
embodiment, the quantity and/or magnitude of the symptoms 
in the treated subject is at least 10% lower than, at least 25% 
lower than, at least 50% lower than, at least 75% lower than, 
and/or at least 90% lower than the quantity and/or magnitude 
of the symptoms in the untreated Subject. 
0027. The term “migration” or “migrate' or “migrating 
as used herein, refers to any movement of a cell (e.g., a T cell) 
in the direction of a compromised target tissue. Such migra 
tion may be accompanied by the stimulation of chemotactic 
factors (i.e., for example, lysophosphatidic acid) released by 
white blood cells. 
0028. The term “attached as used herein, refers to any 
interaction between a medium (or carrier) and a drug. Attach 
ment may be reversible or irreversible. Such attachment 
includes, but is not limited to, covalent bonding, ionic bond 
ing, Van der Waals forces or friction, and the like. A drug is 
attached to a medium (or carrier) if it is impregnated, incor 
porated, coated, in Suspension with, in Solution with, mixed 
with, etc. 
0029. The term “drug or “compound as used herein, 
refers to any pharmacologically active Substance capable of 
being administered which achieves a desired effect. Drugs or 
compounds can be synthetic or naturally occurring, non 
peptide, proteins or peptides, oligonucleotides or nucleotides, 
polysaccharides or Sugars. 
0030 The term “administered’ or “administering, as 
used herein, refers to any method of providing a composition 
to a patient Such that the composition has its intended effect 
on the patient. An exemplary method of administering is by a 
direct mechanism Such as, local tissue administration (i.e., for 
example, extravascular placement), oral ingestion, transder 
mal patch, topical, inhalation, Suppository etc. 
0031. The term “patient’, as used herein, is a human or 
animal and need not be hospitalized. For example, out-pa 
tients, persons in nursing homes are “patients. A patient may 
comprise any age of a human or non-human animal and 
therefore includes both adult and juveniles (i.e., children). It 
is not intended that the term “patient” connote a need for 
medical treatment, therefore, a patient may Voluntarily or 
involuntarily be part of experimentation whether clinical or in 
Support of basic science studies. 
The term “protein’ as used herein, refers to any of numerous 
naturally occurring extremely complex substances (as an 
enzyme or antibody) that consist of amino acid residues 
joined by peptide bonds, contain the elements carbon, hydro 
gen, nitrogen, oxygen, usually Sulfur. In general, a protein 
comprises amino acids having an order of magnitude within 
the hundreds. 
0032. The term "peptide' as used herein, refers to any of 
various amides that are derived from two or more amino acids 
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by combination of the amino group of one acid with the 
carboxyl group of another and are usually obtained by partial 
hydrolysis of proteins. In general, a peptide comprises amino 
acids having an order of magnitude with the tens. 
0033. The term “pharmaceutically” or “pharmacologi 
cally acceptable', as used herein, refer to molecular entities 
and compositions that do not produce adverse, allergic, or 
other untoward reactions when administered to an animal or 
a human. 
0034. The term, “pharmaceutically acceptable carrier, as 
used herein, includes any and all solvents, or a dispersion 
medium including, but not limited to, water, ethanol, polyol 
(for example, glycerol, propylene glycol, and liquid polyeth 
ylene glycol, and the like), Suitable mixtures thereof, and 
Vegetable oils, coatings, isotonic and absorption delaying 
agents, liposome, commercially available cleansers, and the 
like. Supplementary bioactive ingredients also can be incor 
porated into Such carriers. 
0035. The term, “purified” or “isolated, as used herein, 
may refer to a peptide composition that has been Subjected to 
treatment (i.e., for example, fractionation) to remove various 
other components, and which composition Substantially 
retains its expressed biological activity. Where the term “sub 
stantially purified” is used, this designation will refer to a 
composition in which the protein or peptide forms the major 
component of the composition, such as constituting about 
50%, about 60%, about 70%, about 80%, about 90%, about 
95% or more of the composition (i.e., for example, weight/ 
weight and/or weight/volume). The term “purified to homo 
geneity' is used to include compositions that have been puri 
fied to apparent homogeneity Such that there is single 
protein species (i.e., for example, based upon SDS-PAGE or 
HPLC analysis). A purified composition is not intended to 
mean that some trace impurities may remain. 
0036. As used herein, the term “substantially purified’ 
refers to molecules, either nucleic or amino acid sequences, 
that are removed from their natural environment, isolated or 
separated, and are at least 60% free, preferably 75% free, and 
more preferably 90% free from other components with which 
they are naturally associated. An "isolated polynucleotide' is 
therefore a substantially purified polynucleotide. 
0037. The term “small organic molecule' as used herein, 
refers to any molecule of a size comparable to those organic 
molecules generally used in pharmaceuticals. The term 
excludes biological macromolecules (e.g., proteins, nucleic 
acids, etc.). Preferred Small organic molecules range in size 
from approximately 10 Da up to about 5000 Da, more pref 
erably up to 2000 Da, and most preferably up to about 1000 
Da. 

0038. The term “immunologically active' defines the 
capability of a natural, recombinant or synthetic peptide, or 
any oligopeptide thereof, to induce a specific immune 
response in appropriate animals or cells and/or to bind with 
specific antibodies. 

BRIEF DESCRIPTION OF THE FIGURES 

0039 FIG. 1 presents exemplary data showing that ret 
inoic acid (RA) and rapamycin (rapa) enhance TGFB's capa 
bility to induce a Treg phenotype. 
0040 FIG. 1A: Flow cytometry density plots indicating% 
of CD4+ cells that express FoxP3 (representative of 6 inde 
pendent experiments). Plots were generated after gating on 
CD4+ cells. 
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004.1 FIG. 1B: Quantitative analysis of the % of CD4+ 
that express FoxP3. * indicates p<0.05, and ** indicates 
p-0.01 when the specified group was compared to the TGFB 
iTreg group using the paired Student's t test (based on ne6). 
0042 FIG. 1C: Representative histograms (at least 2 inde 
pendent experiments) for canonical markers expressed on 
Treg. Plots were generated after gating on CD4+ FoxP3+ 
cells. Numbers on plots represent median fluorescent inten 
sities. Filled gray histograms represent isotypes. 
0043 FIG. 2 presents exemplary data showing that rapa 
mycin enhances induction of FR4 expression. Quantitative 
analysis of FR4 expression on iTreg generated under different 
conditions. Median fluorescence intensity (MFI) was deter 
mined after gating on the CD4+ FoxP3+ population. MFI 
values were normalized to TGFB-iTreg FR4 expression. ** 
indicates p<0.01 when specified group was compared to the 
RA-iTreg group. 
0044 FIG. 3 presents exemplary data showing iTreg Sup 
pression of naive T cell proliferation. Tregfunction was deter 
mined using a CFSE dilution assay. Filled histograms (grey) 
represent the proliferative capacity of naive T cells only (in 
the presence of stimulation). Ratios indicate the ratio of Treg 
to naive T cells. Plots are representative of at least 2 indepen 
dent experiments. 
0045 FIG. 4 presents exemplary data showing that the 
generation of iTreg cells in the presence of RA and/or rapa are 
more stable than TGFB-iTreg cells in long-term in vitro cul 
tures. Treg-inducing factors indicate the cytokines and/or 
small molecules used to generate the iTreg. Data are repre 
sentative of 4 independent experiments. Fold change is 
expressed as the ratio between the % of FoxP3+ cells at the 
end of the re-stimulation cultures to the '% of FoxP3+ cells at 
the beginning of the cultures. Dotted lines indicate normal 
ized values of % of FoxP3+ cells at the beginning of the 
cultures. 

0046 FIG. 4A: Quantitative analysis of the fold change in 
% FoxP3+ iTreg after in vitro re-stimulation in the absence of 
Treg-inducing factors. 
0047 FIG. 4B: Quantitative analysis of the fold change in 
% FoxP3+ iTreg after in vitro re-stimulation in the presence 
of Treg-inducing factors. 
0048 FIG. 5 present exemplary data showing a differen 

tial expression of migratory receptors on iTreg generated 
under different conditions. 
0049 FIG. 5A: Histograms depicting expression patterns 
of different migratory receptors; plotted aftergating on CD4+ 
FoxP3+ cells. Numbers on plots represent MFI values. 
0050 FIG. 5B: Quantitative analysis of CCR7 expression 
on iTreg generated under different conditions (MFI values 
were normalized to TGFB-iTreg cells). * indicates p-0.05 
(paired Student's t test) when comparing specified group to 
RA-iTreg group; n=5. 
0051 FIG. 5C: Treg generated from CD45.1+ were 
injected into CD45.2+ mice and after 3 days, C-Lin (cervical 
lymph nodes) and M-Ln(mesenteric lymph nodes) harvested 
to analyze the percentage of CD45.1+ cells. * indicates p-0. 
05 when comparing specified group to either the TGFB-iTreg 
or RA-iTreg groups. 
0.052 FIG. 6 presents exemplary data showing an analysis 
of surface molecules responsible for migration of T cells to 
peripheral tissues. Density plots show that RA induces 
expression of CCR9 on iTreg, while rapa reduces expression 
of CD 103 and CCR9. The RA+rapa-iTreg appear to com 
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prise of two distinct populations of cells; one that is CCR9+ 
CD103+ and another that is CCR9-CD103-. 
0053 FIG. 7 presents exemplary data showing various 
iTreg cell populations that maintain FoxP3 expression fol 
lowing injection in mice maintained under homeostatic con 
ditions. Analysis of FoxP3 expression on CD45.1 + cells 3 
days following their adoptive transfer into wild-type CD45. 
2+ mice. Splindicates spleen, C-Ln indicated cervical lymph 
nodes and M-Ln indicates mesenteric lymph nodes. 
0054 FIG. 8 presents exemplary data showing in vivo 
imaging of iTreg cell population localization following injec 
tion. 
0055 FIG. 8A: Representative images acquired using the 
IVIS 200, showing iTreg cell population localization over 10 
days. Red ellipses indicate the cervical lymph node (small 
ellipse) and gut area (large ellipse). 
0056 FIG. 8B: A ratio of the average luminescence mea 
Surements obtained from the red ellipses depicted as a func 
tion of time. * indicates ps0.05 when comparing rapa-iTreg 
with RA-iTreg and it indicates ps0.05 when comparing rapa 
iTreg with RA+rapa-iTreg. ne3 mice for all groups. C-Ln 
indicates the cervical lymph node area. 
0057 FIG. 9 presents exemplary data showing micro 

particles comprising mathematically predicted release char 
acteristics of T cell inducing factors. Scanning electron 
micrographs (left panel) and in vitro release profiles (right 
panel) of IL-2, TGFB (in cell culture media) and rapa (in 
saline containing 0.2% Tween-80). Error bars on release pro 
files represent standard deviation based on n=6 measure 
ments for IL-2MP and TGFBMP, and n=3 measurements for 
rapaMP. 
0058 FIG. 10 presents exemplary data showing that “Fac 
tor MPs induce mouse Treg cell populations. 
0059 FIG. 10A: Representative flow cytometry dot plots 
(gated on CD4-expressing cells) of naive T cells stimulated in 
the presence of soluble factors or FactorMP. The X axis on 
these plots represents CFSE, which is a cell proliferation 
marker and the Yaxis represents intracellular FoxP3, which is 
a definitive marker for mouse Treg cells. 
0060 FIG.10B: Quantitative analysis of the percentage of 
CD4+ T cells that express FoxP3 after culture for 4 days under 
different conditions; * indicates p-0.05 based on na3 inde 
pendent experiments. 
0061 FIG. 11 presents exemplary data showing that “Fac 
tor MP-iTreg cell populations express several canonical 
Treg Surface markers and Suppress effector T cells. 
0062 FIG. 11A: Representative flow cytometry dot plots 
(gated on CD4-expressing cells) showing the expression of 
surface markers and intracellular FoxP3 on naive T cells 
stimulated in the presence of soluble factors or "Factor MPs. 
0063 FIG. 11B: Representative plots of CFSE dilution 
showing that the “Factor MP-iTreg can suppress naive T cell 
proliferation. Gates on individual plots indicate the percent 
age of proliferating cells. Ratios indicate the number of Treg 
cells in culture to the number of naive T cells. Data are 
representative of at least 2 independent experiments 
0064 FIG. 12 presents exemplary data showing that “Fac 
tor MP populations generate human-iTreg equivalent to 
those induced by soluble T cell inducing factors. 
0065 FIG. 12A. Representative plots displaying FoxP3 
expression profile on human T cells cultured under different 
conditions. Numbers in plots represent the median fluores 
cence intensities (MFI). Grey plots indicate the FoxP3 
expression in naive unstimulated T cells. 
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0.066 FIG. 12B: Quantitative analysis of normalized 
FoxP3 MFI as determined from 2 independent experiments 
(n-3). MFI was normalized by determining the ratio of 
experimental MFI and control (soluble IL-2 treated cells) 
MFI. 
0067 FIG. 13 presents a representative schematic of pro 
posed mechanism for vasoactive intestinal peptide (VIP) 
induction of regulatory T cells. One mechanism may be a 
direct activation of CD4+CD25- naive T cells to inducible 
Tregs. Another mechanisms may involve activation of tolero 
genic dendritic cells which then promote inducible Treggen 
eration through activation of CD8+CD25- naive T cells 
0068 FIG. 14 presents exemplary data showing VIP 
release from VIPMPs having predicted release profiles. 
0069 FIG. 14A: Release assays of predicted linear release 
VIPMPs and predicted multi-bolus release VIPMPs. Stan 
dard deviations are represented by bars at each data point. 
0070 FIG. 14B. Comparison of the algorithmic model 
release prediction (red) and observed (blue) release of VIP 
from the predicted linear release VIPMPs ignoring the 
anaomalous initial release burst. The desired profile input to 
the model is represented by the dashed line. 
0071 FIG. 15 presents exemplary data showing the per 
cent of FoxP3+CD4+ t-cells which were recruited through 
the transwells by DCs, following treatment with LPS and 
addition of soluble VIP (2.5x10-8 M), blank microparticles 
releasates, or VIP microparticle releasates (estimated to be at 
2.5x10-8 M from previous release profiles). Percents were 
normalized by the group which did not receive LPS. Upper 
Graph: DC precursors treated with IL-4 and GM-CSF. Lower 
Graph: DC precursors cultured with 5x GM-CSF. 
0072 FIG. 16 presents exemplary data showing linear and 
Volumetric measurements of alveolar bone loss using micro 
CT imaging following "Factor MP administration. 

DETAILED DESCRIPTION 

0073. The present invention is related to the treatment of 
immunological disorders, immunological diseases and/or 
transplantation rejection reactions. For example, certain 
embodiments of the invention result in the specific targeting 
of blood cells including but not limited to naive blood cells 
and/or white blood cells (e.g., T cells and/or B cells) to 
affected tissues. In particular, the tissue targeting of the regu 
latory T cells may be accomplished by custom designed 
microparticles that provide a pre-determined controlled 
release of T cell inducing factors or combination of T cell 
inducing factors. Consequently, a plurality of microparticles 
may release inducing factors that differ both temporally and 
spatially resulting in a specific migration behavior or activa 
tion of the target T cell population. 
0074 Current techniques for regulatory T cell induction 
can only be used in vitro as they rely on the use of soluble 
mediators. In some embodiments, the present invention con 
templates compositions and methods to deliver T cell induc 
tion soluble factors in vivo in a sustained, predictable and 
controlled manner. 

I. Regulatory T Cells 
0075 A. Immunological Role And Function Over the past 
two decades, regulatory T cells (Treg) have been identified as 
one of the central components of the mammalian immune 
system. Sakaguchi et al., “Immunologic tolerance maintained 
by CD25+ CD4+ regulatory T cells: their common role in 
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controlling autoimmunity, tumor immunity, and transplanta 
tion tolerance” Immunol Rev. (2001) 182:18-32; Sakaguchi et 
al., “Regulatory T cells and immune tolerance Cell (2008) 
133:775-787; Campbellet al., “Phenotypical and functional 
specialization of FOXP3+ regulatory T cells' Nat Rev Immu 
nol (2011) 11:119-130; and Bour-Jordan et al., “Regulating 
the regulators: costimulatory signals control the homeostasis 
and function of regulatory T cells” (2009) 229:41-66. The 
most commonly described, widely studied, and possibly most 
abundant regulatory T cells in the body are those that express 
CD4, CD25, and/or FoxP3. These CD4+ CD25+ FoxP3+ 
cells (Treg) play important roles in Suppressing the activity of 
self-reactive immune cells and in re-establishing homeostasis 
following infection. Sakaguchi et al., “Immunologic self 
tolerance maintained by activated T cells expressing IL-2 
receptor alpha-chains (CD25). Breakdown of a single mecha 
nism of self-tolerance causes various autoimmune diseases'J 
Immunol. (1995) 155:1151-1164: Hori et al., “Control of 
regulatory T cell development by the transcription factor 
Foxp3' Science (2003). 299:1057-1061; Fontenot et al., 
“Foxp3 programs the development and function of CD4+ 
CD25+ regulatory T cells' Nat Immunol. (2003) 4:330-336; 
and Khattri et al., “An essential role for Scurfin in CD4+ 
CD25+ T regulatory cells' Nat Immunol. (2003) 4:337-342. 
0076 
0077 Treg proliferation has been reported to suppress 
diverse inflammatory diseases Such as: i) autoimmunity (de 
Kleer et al., “CD4+CD25bright regulatory T cells actively 
regulate inflammation in the joints of patients with the remit 
ting form of juvenile idiopathic arthritis' J Immunol. (2004) 
172:6435-6443: ii) transplant rejection (Raimondi et al., 
"Mammalian target of rapamycin inhibition and alloantigen 
specific regulatory T cells Synergize to promote long-term 
graft Survival in immunocompetent recipients' J Immunol 
(2010) 184:624–636; and Lee et al., “Recruitment of Foxp3+ 
T regulatory cells mediating allograft tolerance depends on 
the CCR4 chemokine receptor'J Exp Med(2005) 201:1037 
1044: iii) dermatitis (Robinson et al., “Tregs and allergic 
disease” J Clin Invest. (2004) 114:1389-1397; iv) psoriasis 
(Wang et al., “TGF-beta-dependent suppressive function of 
Tregs requires wild-type levels of CD 18 in a mouse model of 
psoriasis”J Clin Invest. (2008) 118:2629-2639; Bovenschen 
et al., “Foxp3+ Regulatory T Cells of Psoriasis Patients Easily 
Differentiate into IL-17A-Producing Cells and Are Found in 
Lesional Skin' J Invest Dermatol. (2011) 131:1853-1860; 
and v) periodontitis Garlet et al., “Actinobacillus actinomyce 
temcomitans-induced periodontal disease in mice: patterns of 
cytokine, chemokine, and chemokine receptor expression 
and leukocyte migration” Microbes Infect (2005) 7:738-747; 
Garlet et al., “Regulatory T cells attenuate experimental peri 
odontitis progression in mice' J Clin Periodontol. (2010) 
37:591-6OO. 

0078 Proliferation of Treg cell populations at local tissue 
sites has been reported by various methods such as: i) ex vivo 
expansion of Treg cells followed by a local administration or 
systemic re-infusion; and ii) in vivo manipulation of immune 
cells that increases the Treg/Teff ratio. Riley et al., “Human T 
regulatory cell therapy: take a billion or so and call me in the 
morning Immunity (2009) 30:656-665; Safinia et al., “Adop 
tive regulatory T cell therapy: challenges inclinical transplan 
tation’ Curr Opin Organ Transplant (2010) 15:427-434; and 
Wieckiewicz et al., “T regulatory cells and the control of 
alloimmunity: from characterisation to clinical application” 
Curr Opin Immunol. (2010) 22:662-668. Selective enhance 
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ment of Treg cell populations in Vivo has been reported using 
biologic therapies. For example, i) anti-IL-2 monoclonal anti 
body (Webster et al., “In vivo expansion of Treg cells with 
IL-2-mAb complexes: induction of resistance to EAE and 
long-term acceptance of islet allografts without immunosup 
pression'J Exp Med. (2009) 206:751–760; ii) superagonistic 
anti-CD28 monoclonal antibody (Beyersdorf et al., “Selec 
tive targeting of regulatory T cells with CD28 Superagonists 
allows effective therapy of experimental autoimmune 
encephalomyelitis' J Exp Med. (2005) 202:445-455; and iii) 
agonistic anti-CD4 monoclonal antibody ( “Deal 
watch: Boosting TRegs to target autoimmune disease Nat. 
Rev. Drug Discovery (2011) 10:566. These approaches have 
specific disadvantages including but not limited to a limited 
understanding of the underlying mechanism of action and 
human safety for clinical administration remains a question. 
In fact, phase I clinical trials of the superagonistic anti-CD28 
monoclonal antibody (TGN1412) resulted in severe negative 
reactions (cytokine storm) in all 6 human Subjects who 
received the monoclonal antibody. Suntharalingam et al., 
“Cytokine storm in a phase 1 trial of the anti-CD28 mono 
clonal antibody TGN1412' N Engl J Med. (2006) 355:1018 
1028. Establishment of a local immunosuppressive environ 
ment that selectively favors Treg expansion has also been 
shown to increase Treg cell population numbers. An environ 
ment rich in IL-2, transforming growth factor-B1 (TGF-B) 
and rapamycin (an inhibitor of the serine-threonine kinase 
mammalian target of rapamycin; mTOR) has been shown to 
favor Treg development, even under inflammatory condi 
tions. Haxhinasto et al., “The AKT-mTOR axis regulates de 
novo differentiation of CD4+Foxp3+ cells' J Exp Med. 
(2008) 205:565-574; Kopfet al., “Rapamycin inhibits differ 
entiation of Th17 cells and promotes generation of FoxP3+ T 
regulatory cells' Int Immunopharmacol. (2007) 7: 1819 
1824; and Cobbold et al., “Infectious tolerance via the con 
Sumption of essential amino acids and mTOR signaling Proc 
Natl AcadSci USA (2009) 106:12055-12060. However, for 
mulations providing a predictable continuous release of these 
factors in vivo, has proven difficult. This problem is solved by 
the compositions and methods described herein showing pre 
dictable and differential controlled release of Treg cell induc 
ing compounds from the same formulation. These composi 
tions are expected to have a better therapeutic efficacy and 
safety than current antibody Treg induction models, thereby 
having a Superior clinical application to treat medical disor 
ders and disease. 

007.9 Therapies that enhance Treg numbers and function 
may have the potential to suppress transplant rejection and 
autoimmunity. Clinical trials are currently testing cellular 
therapies involving Treg cells as potential therapeutics for 
treating graft versus host disease. Hippen et al., “Generation 
and large-scale expansion of human inducible regulatory T 
cells that Suppress graft-Versus-host disease' Am J Trans 
plant. (2011) 11:1148-1157; and Brunsteinet al., “Infusion of 
ex vivo expanded T regulatory cells in adults transplanted 
with umbilical cord blood: safety profile and detection kinet 
ics' Blood (2011) 117:1061-1070. However, Treg-based cel 
lular therapies face many challenges, which include, but are 
not limited to: i) difficulties in isolating pure and homogenous 
populations and large quantities of Treg from the blood; ii) 
inconsistent maintenance of the Treg phenotype and Suppres 
sive function post-proliferation; and iii) the need for GMP 
facilities. Riley et al., “Human Tregulatory cell therapy: take 
a billion or so and call me in the morning Immunity (2009) 
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30:656-665; Safinia et al., “Adoptive regulatory T cell 
therapy: challenges in clinical transplantation Curr Opin 
Organ Transplant. (2010) 15:427-434; and Wieckiewicz et 
al., “T regulatory cells and the control of alloimmunity: from 
characterisation to clinical application Curr Opin Immunol. 
(2010) 22:662-668. Hence, acellular therapies that can 
increase numbers and/or the Suppressive potency of Treg 
without the need for ex vivo culture represent an answer to a 
long unsolved problem in the art. 

II. Induction of Regulatory T Cell Phenotypes 
0080 Treg can be induced under a variety of invitro and in 
vivo conditions. Treg induced under different conditions have 
distinct characteristics that distinguish them from each other 
and from naturally-occurring Treg. Identification of these 
distinctive characteristics provides insight into their potential 
use in treating inflammatory disorders (such as autoimmunity 
and allergy) and transplant rejection, or in preventing tumor 
growth and metastasis. For example, it has been demonstrated 
that RA can help to convert naive T cells to Treg. These 
RA-iTreg are stable under inflammatory conditions and have 
the potential to prevent inflammation in the gut due primarily 
to their ability to specifically migrate to the gut. However, gut 
homing specificity could potentially be a hindrance to using 
these cells to treat autoimmunity or transplant rejection at 
other peripheral sites. 
0081 Regulatory T cells (Treg) may be involved in main 
taining immune homeostasis. Consequently, it is believed that 
Treg therapy might be useful to treat medical conditions 
including but not limited to a variety of immune mediated 
disorders. Current Treg-based clinical therapies have disad 
Vantages including but not limited to obtaining insufficient 
numbers of cells from peripheral blood for expansion and 
re-infusion. Alternative methods to induce the formation of 
Treg cells from non-Treg cells have been reported, usually by 
contacting the non-Treg cells with a soluble cytokine (e.g., 
TGF-B). However, this approach has disadvantages including 
but not limited to the fact that these methods do not induce 
stable Treg cells in sufficient number to be useful. Although it 
is not necessary to understand the mechanism of an invention, 
it is believed that all-trans retinoic acid (RA) and/or rapamy 
cin (rapa) may aid in achieving a stable induced Treg (iTreg) 
phenotype. Even so, Such iTreg phenotypes have not been 
characterized as to phenotype, function and/or migratory 
characteristics 
0082 In one embodiment, the present invention contem 
plates a method to predict a phenotype and function of iTreg 
cells. In one embodiment, the iTreg cells may be produced by 
contacting non-Treg cells with a compound including but not 
limited to rapamycin, TGF-B and RA. In one embodiment, 
the rapa-iTreg comprises a different in Vivo migratory pattern 
(e.g., homing capacity) than either TGF-B-iTregor RA-iTreg. 
Although it is not necessary to understand the mechanism of 
an invention, it is believed that these differences in iTreg 
migratory patterns suggest their use in different diseases. In 
one embodiment, the iTreg cells may be produced by con 
tacting non-Treg cells with a compound combination com 
prising TGF-f3, RA and rapa, wherein the iTreg cells have a 
migratory pattern that is different from iTreg cells induced by 
any of the compounds alone. 
I0083. A. Treg Cell Therapeutics 
0084 Regulatory T cell (Treg)-based therapies are widely 
regarded as promising treatment options for autoimmunity 
and transplant rejection. Currently, several therapies involv 
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ing the use of ex vivo expanded Treg are being tested in 
clinical trials. However, there are significant barriers to ex 
Vivo Treg-based therapies, such as difficulty in isolating pure 
populations of these rare cells and expanding them to suffi 
ciently large numbers while maintaining their phenotype and 
function. Wieckiewicz et al., (2010) “T regulatory cells and 
the control of alloimmunity: From characterisation to clinical 
application Curr Opin Immunol 22:662-668; Riley et al., 
(2009) “Human T Regulatory Cell Therapy: Take a Billion or 
So and Call Me in the Morning Immunity 30:656-665; 
Brusko et al., (2008) “Human regulatory T cells: Role in 
autoimmune disease and therapeutic opportunities’ Immunol 
Rev 223: 371-390; Trzonkowski et al., (2009) “First-in-man 
clinical results of the treatment of patients with graft versus 
host disease with human ex vivo expanded CD4+CD25+ 
CD127-T regulatory cells’ Clin Immunol 133: 22-26: Brun 
stein et al., “Alternative donor transplantation after reduced 
intensity conditioning: results of parallel phase 2 trials using 
partially HLA-mismatched related bone marrow or unrelated 
double umbilical cord blood grafts’ Blood 118: 282-288; and 
Safinia et al., (2010) “Adoptive regulatory T cell therapy: 
Challenges in clinical transplantation Curr Opin Organ 
Transplant 15: 427-434. 
I0085. One possible alternative to circumvent these issues 
is to generate adaptive or induced Treg (iTreg) from the 
patients own naive T cells either ex vivo or in vivo. Past 
reports have demonstrated that IL-2 and transforming growth 
factor B1 (TGF-3) can induce a Treg phenotype and func 
tional characteristics in naive T cells upon in vitro stimula 
tion. Fu et al. (2004)“TGF-beta induces Foxp3+T-regulatory 
cells from CD4+CD25 precursors’ American Journal of 
Transplantation 4: 1614-1627; and Chen et al., (2003) “Con 
version of Peripheral CD4+CD25- Naive T Cells to CD4+ 
CD25+ Regulatory T Cells by TGF-beta Induction of Tran 
scription Factor Foxp3 ''Journal of Experimental Medicine 
198:1875-1886. However, TGF-B-induced Treg (TGFB 
iTreg) have been shown to be unstable in long term in vitro 
cultures and upon antigenic re-stimulation. Floess et al., 
(2007) “Epigenetic control of the foxp3 locus in regulatory T 
cells”. PLoS Biology 5: 0169-0178. Additionally, the presence 
of inflammatory cytokines such as IL-6 can antagonize TGF 
B-mediated induction of Treg, making the presence of Such 
inflammatory mediators a potential impediment to inducing 
Treg in vivo at the site of the disease. Veldhoen et al., (2006) 
“TGF-beta in the context of an inflammatory cytokine milieu 
supports de novo differentiation of IL-17-producing T cells' 
Immunity 24: 179-189; and Bettelliet al., (2006) “Reciprocal 
developmental pathways for the generation of pathogenic 
effector TH17 and regulatory T cells' Nature 441: 235-238. 
I0086 Numerous reports suggest that these problems can 
be overcome through the use of small molecules that work in 
concert with TGF-B to induce Treg. For example, all-trans 
retinoic acid (RA) is known to potently synergize with IL-2 
and TGF-B to induce FoxP3 expression in naive T cells and 
allows for induction of Treg even in the presence of inflam 
matory cytokines. Thorough characterization of the pheno 
type and function of RA-induced Treg (RA-iTreg) cells dem 
onstrates Superior Suppressor activity and are more stable 
than TGFB-iTreg cells. Nevertheless, RA-iTreg cells have a 
specific disadvantage in that they migrate primarily to the 
mucosal tissues in the gut, which might limit their use. 
Mucida et al., (2007) “Reciprocal TH17 and regulatory T cell 
differentiation mediated by retinoic acid Science 317: 256 
260; and Lu et al., (2011) “Characterization of Protective 
Human CD4+CD25+ FOXP3+ Regulatory T Cells Generated 
with IL-2, TGF-B and Retinoic Acid' PLoS ONE 5: 1-12; and 
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Benson et al., (2007) All-trans retinoic acid mediates 
enhancedTreg cell growth, differentiation, andgut homing in 
the face of high levels of co-stimulation' Journal of Experi 
mental Medicine 204: 1765-1774. 
0087 Further, other evidence suggests additional disad 
Vantages to RA-iTreg cells in that, depending on the immu 
nological microenvironment, RA can induce inflammation 
rather than tolerance. DePaolo et al., (2011) “Co-adjuvant 
effects of retinoic acid and IL-15 induce inflammatory immu 
nity to dietary antigens' Nature 471: 220-224. Also, RA has 
been shown to induce hypervitaminosis-A upon local admin 
istration, and hence it would be difficult to use this combina 
tion (cytokines+RA) to induce Treg in vivo. Jones D. H. 
(1989) “The role and mechanism of action of 13-cis-retinoic 
acid in the treatment of severe (nodulocystic) acne Pharma 
col Ther 40: 91-106; and Barua et al., (1996) “Percutaneous 
absorption, excretion and metabolism of all-trans-retinoyl 
beta-glucuronide and of all-trans-retinoic acid in the rat Skin 
Pharmacol 9: 17-26. 
0088 Another small molecule that synergizes with IL-2 
and TGF-B to induce FoxP3 expression in naive T cells is the 
serine/threonine protein kinase inhibitor rapamycin (rapa). 
Although it has been demonstrated that, like RA, rapa can 
induce Treg, even in the presence of IL-6. However, the 
phenotype and function of rapa-induced Treg (rapa-iTreg) 
has yet to be characterized. Kopfet al., (2007) “Rapamycin 
inhibits differentiation of Th17 cells and promotes generation 
of FoxP3+T regulatory cells' Int Immunopharmacol 7: 1819 
1824; Haxhinasto et al., (2008) “The AKT-mTOR axis regu 
lates de novo differentiation of CD4+Foxp3+ cells' J Exp 
Med 205: 565-574; and Cobbold et al., (2009) “Infectious 
tolerance via the consumption of essential amino acids and 
mTOR signaling Proc Natl Acad Sci USA 106: 12055 
12O60. 

I0089. B. Small Molecule Enhancement of Treg Cell Pro 
liferation 
0090 That data presented herein directly compares in 
vitro generated rapa-iTreg cell populations to TGFB-iTreg, 
RA-iTreg and/or RA+rapa-iTreg cell populations. In many 
aspects, such as expression of canonical Treg markers and in 
vitro suppressive activity these different iTreg appear to be 
similar. However, notable differences are observed that have 
not been reported previously. For example, the expression of 
one of the canonical Surface markers, FR4, was significantly 
greater on rapa-iTreg and RA+rapa-iTreg when compared to 
the RA-iTreg. Although it is not necessary to understand the 
mechanism of an invention, it is believed that expression of 
this folate receptor may allow for greater Survival and long 
term stability of Treg populations in the periphery. 
0091. The data presented herein demonstrate that either 
RA or rapa enhance the ability of IL-2 and TGF-B to induce 
FoxP3 expression in naive T cells. See, FIG. 1A, FIG. 1B, 
Table 1 and Table 2. The tabulated numbers below represent 
the percent of CD4+ that express FoxP3 under the indicated 
conditions. 

TABLE 1. 

Rapamycin Percent Enhancement Of TGF-B Induction Of 
FoxP3 Expression 

Ong ml 0.1 ng/ml 1 ng/ml 5 ng/ml 20 ng/ml 

Rapa Ongfml O.S2 O.61 2.82 1816 S3.26 
Rapa 1 ng/ml 1.91 3.04 8.89 34.41 76.22 
Rapa 3.45 5.31 14.48 51.08 78.27 
10 ng/ml 
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TABLE 1-continued 

Rapamycin Percent Enhancement Of TGF-B Induction Of 
FOXP3 Expression 

TGF-B TGF-B TGF-B TGF-B TGF-B 
Ong/ml 0.1 ng/ml 1 ng/ml 5 ng/ml 20 ng/ml 

Rapa 4.13 7.8 22.OS 54.19 80.36 
100 ng/ml 

TABLE 2 

Retinoic Acid Percent Enhancement Of TGF-B Induction Of 
FoxP3 Expression 

Ongfml 0.5 ng/ml 5 ng/ml 20 ng/ml 

RAO ng/ml 1.69 8.08 28.52 27.42 
RA 0.1 ng/ml 2.71 11.98 35.18 28.33 
RA 1 ng/ml 2.64 1O.S 44.71 42.25 
RA 10 ng/ml 2.27 9.36 42.22 45.97 
RA 100 ng/ml 2.23 1O.O1 50.71 43.43 

0092. The same effect was observed when cells are cul 
tured in the presence of a combination of IL-2, TGF-B, RA 
and rapa. Cells cultured under all these different conditions 
also expressed canonical Treg markers, such as FR4, CTLA4. 
GITR and CD25, suggesting that these cells are induced Treg 
(iTreg). See, FIG. 1C.. Interestingly, the expression level of 
FR4 was significantly greater in rapa-iTreg and RA+rapa 
iTreg when compared to RA-iTreg. See, FIG. 2. FR4, along 
with CD25, has been identified as a marker that can help 
distinguish activated effector T cells from Treg. Yamaguchi et 
al., (2007) “Control of Immune Responses by Antigen-Spe 
cific Regulatory T Cells Expressing the Folate Receptor 
Immunity 27: 145-159. In order to determine the functional 
capacity of iTreg, their ability to Suppress autologous naive T 
cell proliferation can be tested in vitro. For example, naive T 
cells were isolated from CD45.1 mice and stained with CFSE 
were co-cultured withiTreg(generated from CD45.2 mice) in 
the presence of in vitro stimulation (CCD3/C.CD28 labeled 
Dynal(R) beads). Naive T cells were capable of robust prolif 
eration when cultured in the absence of Treg but their prolif 
erative capacity was decreased substantially (e.g., Supressed) 
when cultured in the presence of iTreg generated under each 
of the different conditions examined. Additionally, the pro 
liferative capacity of naive T cells was restored as the ratio of 
naive T cells to iTreg was increased. See, FIG. 3. 
(0093. C. iTreg Stability. Upon Re-Stimulation 
0094. It has been demonstrated that, following long-term 
(>8 day) in vitro culture, there is a considerable reduction in 
the percentage of TGFB-iTreg cells that express FoxP3. 
Floess et al., (2007) “Epigenetic control of the foxp3 locus in 
regulatory T cells”. PLoS Biology 5: 0169-0178. To determine 
if the same was true of iTreg generated in the presence of RA 
and/or rapa, these iTreg populations were re-stimulated 
through TCR activation using Dynal(R) beads with IL-2 in 
either the absence or presence of effector T cells (Teff gen 
erated by activating predominantly naive T cells obtained 
from CD45.2 mice). Re-stimulation in the absence of Teffled 
to slightly reduced incidence of FoxP3+ cells among the 
iTreg, while the presence of Teffled to a marked decrease in 
FoxP3+ cells. See, FIG. 4A. When the Treg-inducing factors, 
IL-2, TGF-B and RA were present during re-stimulation the 
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decrease in incidence of FoxP3+ cells was not observed. See, 
FIG. 4B. Regardless, a decrease in the percentage of cells 
expressing FoxP3 was observed in TGFB-iTreg cultured 
under any of the aforementioned stimulatory conditions. 
0095 D. iTreg Migration Patterns 
0096 RA-iTreg cells have been reported to express sur 
face markers such as CCR9 and CD103 that are specifically 
associated with migration to the mucosal tissues. Mucida et 
al., (2007) “Reciprocal TH17 and regulatory T cell differen 
tiation mediated by retinoic acid Science 317: 256-260; and 
Benson et al., (2007) All-trans retinoic acid mediates 
enhancedTreg cell growth, differentiation, andgut homing in 
the face of high levels of co-stimulation' Journal of Experi 
mental Medicine 204: 1765-1774. The expression of certain 
chemokine receptors and integrins on the Surface of RA 
iTreg, rapa-iTreg and RA+rapa-Treg were observed to have 
differences. As demonstrated previously, expression of CCR9 
and CD103 (surface molecules that direct migration of cells 
towards the Small intestine lamina propria and the epithelium, 
respectively) was upregulated on RA-iTreg cells. Rapa-iTreg 
cells, however, did not express either of these surface pro 
teins, but expressed the lymphoid organ-homing receptor 
CCR7 at significantly greater levels. This pattern of expres 
sion correlated with tissue-specific migration patterns. For 
example, rapa-iTreg cells demonstrate an in vivo lymphoid 
organ homing capacity, while RA-iTreg migrated primarily to 
the gut tissue. RA+rapa-iTreg also expressed higher levels of 
CCR7, but could be subdivided into 3 populations, where 
35.66% cells were CCR9-- CD103+, 33.16% cells were 
CCR9+ CD103- and 22.14% cells were CCR9- CD103-. 
This distribution could suggest that cells affected by RA are 
not influenced by rapa and vice versa. It remains to be seen if 
Such an expression patternallows for the RA+rapa-iTreg to be 
more efficient at Suppressing immune responses (due to their 
ability to migrate simultaneously to both mucosal tissues and 
lymphoid organs) in Vivo, and if such an effect cannot be 
observed by using a mixture of RA-iTreg and rapa-iTreg. 
0097. The data presented herein show that rapa-iTreg did 
not express either CCR9 or CD103 but did express signifi 
cantly higher levels of CCR7 when compared to RA-iTreg. 
See, FIG. 5A and FIG. 5B. The RA+rapa-iTreg cells, which 
also expressed significantly elevated levels of CCR7, appear 
to contain two distinct iTreg populations: i) a CCR9+ CD 
103+ population; and ii) a CCR9- CD 103-population. See 
FIG. 6. To determine if the expression of these receptors 
would determine in vivo homing, rapa-, RA-, TBG B- and 
RA+rapa iTreg cell populations generated from CD45.1 mice 
were adoptively transferred to healthy CD45.2 mice main 
tained under homeostatic conditions. Three days following 
adoptive transfer, a significantly greater number of rapa-iTreg 
cells and RA+rapa-iTreg cells were present in the cervical and 
mesenteric lymph nodes when compared to the presence of 
TGFB-iTreg cells and RA-iTreg cells. See, FIG. 5C. Addi 
tionally, all adoptively transferred iTreg populations main 
tained their FoxP3 expression. See, FIG. 7. 
0098. In vivo migration patterns of the various adoptively 
transferred iTreg cell populations were monitored by non 
invasive imaging over an extended time-period (~10 days). 
Following adoptive transfer of luminescent iTreg popula 
tions, RA-iTreg cell populations and rapa-iTreg cell popula 
tions migrate primarily to the gut and lymphoid tissues, 
respectively, within 3 days and remain at these sites for over 
10 days. These data also reflect that RA+rapa-iTreg cell popu 
lations migrate to both the secondary lymphoid organs and 
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the gut, although there were considerably greater numbers of 
cells in the gut tissue. This observation may be explained by 
a possible imaging of mesenteric lymph nodes among with 
the gut tissue. See, FIG. 8A and FIG. 8B, respectively. 
0099. Although RA- and/or rapa-induced Treg were more 
stable when compared to conventional TGFB-iTreg upon re 
stimulation, RA and rapa-iTreg cells tended to lose their 
FoxP3 expression in the presence of stimulation and Teff (an 
in vitro mimic of inflammatory conditions). This loss of 
FoxP3 expression was limited to the presence of Teff since in 
the presence of mature dendritic cells. Such an effect was not 
observed. Nevertheless, the inflammatory effect of Teff was 
negated in the presence of an immunosuppressive milieu 
(such as the combination of IL-2, TGF-B, and RA or rapa) and 
iTreg maintained their FoxP3 expression even after incuba 
tion with Teff. This suggests that the use of Treg induced in 
the presence of RA and/or rapa might be limited to situations 
where an immunosuppressive milieu can be established; for 
example, using low dose immunosuppressive regimens, or 
controlled release formulations for immunomodulatory 
agents. Jhunjhunwala et al., (2009) “Delivery of rapamycinto 
dendritic cells using degradable microparticles' J Control Rel 
133: 191-197. Furthermore, recently it has been suggested 
that the methylation patterns on the Foxp3 gene locus are a 
good determinant of long-term Treg Stability. It remains to be 
determined if these iTreg differ in this aspect. 
0.100 Given the difficulties and cost associated with cel 
lular therapies, a system capable of inducing Treg in vivo 
would be ideally Suited to treating autoimmunity and trans 
plant rejection. To this end, it would be necessary to use 
formulations that deliver a combination of Treg-inducing fac 
tors in a local and Sustained fashion in vivo, which can be 
achieved using controlled release formulations that have been 
developed in the past. Thomas et al., (2004) “Microparticu 
late Formulations for the Controlled Release of Interleukin 
2'J Pharm Sci 93: 1100-1109; and DeFail et al., (2006) 
“Controlled release of bioactive TGF-B from microspheres 
embedded within biodegradable hydrogels' Biomaterials 27: 
1579-1585. The preferred combination of factors to be used 
in vivo might be IL-2, TGF-B, and rapa, as (i) rapa is currently 
approved for use clinically, (ii) rapa has the ability to suppress 
a variety of immune functions apart from inducing Treg, and 
(iii) rapa might be safer than RA, given the latter's ability to 
induce hypervitaminosis A. 

III. Conventional Controlled Release Formulations 

0101. Several drug delivery systems are known that pro 
vide for a roughly uniform and controllable rate of release. A 
variety of different media are described below that are useful 
in creating drug delivery systems. 
0102 Microparticles generally refer to the general catego 
ries comprising liposomes, nanoparticles, microspheres, 
nanospheres, microcapsules, and nanocapsules. Preferably, 
Some microparticles contemplated by the present invention 
comprise poly(lactide-co-glycolide), aliphatic polyesters 
including, but not limited to, poly-glycolic acid and poly 
lactic acid, hyaluronic acid, modified polysacchrides, chito 
san, cellulose, dextran, polyurethanes, polyacrylic acids, 
pSuedo-poly(amino acids), polyhydroxybutrate-related 
copolymers, polyanhydrides, polymethylmethacrylate, poly 
(ethylene oxide), lecithin and phospholipids. 
0103 Microspheres and microcapsules are useful due to 
their ability to maintain a generally uniform distribution, 
provide stable controlled compound release and are economi 
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cal to produce and dispense. Microspheres are obtainable 
commercially (Prolease(R), Alkermes: Cambridge, Mass.). 
For example, a freeze dried medium comprising at least one 
therapeutic agent is homogenized in a suitable solvent and 
sprayed to manufacture microspheres in the range of 20 to 90 
um. Techniques are then followed that maintain Sustained 
release integrity during phases of purification, encapsulation 
and storage. Scott et al., Improving Protein Therapeutics With 
Sustained Release Formulations, Nature Biotechnology, Vol 
ume 16:153-157 (1998). 
0104 Modification of the microsphere composition by the 
use of biodegradable polymers can provide an ability to con 
trol the rate of therapeutic agent release. Miller et al., Degra 
dation Rates of Oral Resorbable Implants Polylactates and 
Polyglycolates. Rate Modification and Changes in PLA/PGA 
Copolymer Ratios, J. Biomed. Mater. Res., Vol. II: 711–719 
(1977). 
0105. Alternatively, a sustained or controlled release 
microsphere preparation is prepared using an in-water drying 
method, where an organic solvent solution of a biodegradable 
polymer metal salt is first prepared. Subsequently, a dissolved 
or dispersed medium of a therapeutic agent is added to the 
biodegradable polymer metal salt solution. The weight ratio 
ofatherapeutic agent to the biodegradable polymer metal salt 
may for example be about 1:100000 to about 1:1, preferably 
about 1:20000 to about 1:500 and more preferably about 
1:10000 to about 1:500. Next, the organic solvent solution 
containing the biodegradable polymer metal salt and thera 
peutic agent is poured into an aqueous phase to prepare an 
oil/water emulsion. The solvent in the oil phase is then evapo 
rated off to provide microspheres. Finally, these microspheres 
are then recovered, washed and lyophilized. Thereafter, the 
microspheres may be heated under reduced pressure to 
remove the residual water and organic solvent. 
0106 Other methods useful in producing microspheres 
that are compatible with a biodegradable polymer metal salt 
and therapeutic agent mixture are: i) phase separation during 
a gradual addition of a coacervating agent; ii) an in-water 
drying method or phase separation method, where an anti 
flocculant is added to prevent particle agglomeration and iii) 
by a spray-drying method. 
0107 Controlled release microcapsules may be produced 
by using known encapsulation techniques such as centrifugal 
extrusion, pan coating and air Suspension. Such microspheres 
and/or microcapsules can be engineered to achieve desired 
release rates. For example, Oliosphere(R) (Macromed) is a 
controlled release microsphere system. These particular 
microsphere’s are available in uniform sizes ranging between 
5-500 um and composed of biocompatible and biodegradable 
polymers. Specific polymer compositions of a microsphere 
can control the therapeutic agent release rate such that cus 
tom-designed microspheres are possible, including effective 
management of the burst effect. ProMaxX(R) (Epic Therapeu 
tics, Inc.) is a protein-matrix delivery system. The system is 
aqueous in nature and is adaptable to standard pharmaceutical 
delivery models. In particular, ProMaxx(R) are bioerodible 
protein microspheres that deliver both Small and macromo 
lecular drugs, and may be customized regarding both micro 
sphere size and desired release characteristics. 
0108. A microsphere or microparticle may comprise a pH 
sensitive encapsulation material that is stable at a pH less than 
the pH of the internal mesentery. The typical range in the 
internal mesentery is pH 7.6 to pH 7.2. Consequently, the 
microcapsules should be maintained at a pH of less than 7. 
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However, if pH variability is expected, the pH sensitive mate 
rial can be selected based on the different pH criteria needed 
for the dissolution of the microcapsules. The encapsulated 
compound, therefore, will be selected for the pH environment 
in which dissolution is desired and stored in a pH preselected 
to maintain stability. Examples of pH sensitive material use 
ful as encapsulants are Eudragit(R) L-100 or S-100 (Rohm 
GMBH), hydroxypropyl methylcellulose phthalate, hydrox 
ypropyl methylcellulose acetate Succinate, polyvinyl acetate 
phthalate, cellulose acetate phthalate, and cellulose acetate 
trimelitate. In one embodiment, lipids comprise the inner 
coating of the microcapsules. In these compositions, these 
lipids may be, but are not limited to, partial esters of fatty 
acids and hexitiol anhydrides, and edible fats such as triglyc 
erides. Lew C. W., Controlled-Release pH Sensitive Capsule 
And Adhesive System And Method. U.S. Pat. No. 5,364,634 
(herein incorporated by reference). 
0109 Microparticles may also comprise a gelatin, or other 
polymeric cation having a similar charge density to gelatin 
(i.e., poly-L-lysine) and is used as a complex to form a pri 
mary microparticle. A primary microparticle is produced as a 
mixture of the following composition: i) Gelatin (60 bloom, 
type A from porcine skin), ii) chondroitin 4-sulfate (0.005%- 
0.1%), iii) glutaraldehyde (25%, grade 1), and iv) 1-ethyl-3- 
(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC 
hydrochloride), and ultra-pure Sucrose (Sigma Chemical Co., 
St. Louis, Mo.). The source of gelatin is not thought to be 
critical; it can be from bovine, porcine, human, or other ani 
mal source. Typically, the polymeric cation is between 
19,000-30,000 daltons. Chondroitin sulfate is then added to 
the complex with sodium sulfate, or ethanol as a coacervation 
agent. 

IV. Predicting Controlled Release Profiles 
0110. In some embodiments, the present invention con 
templates compositions providing a predictable controlled 
release of compounds to induce a Treg phenotype (e.g., deter 
mined by the expression of canonical Treg markers and 
migratory Surface markers). In one embodiment, the induced 
Treg phenotype includes but is not limited to TGFB-iTreg, 
RA-iTreg and rapa-iTreg. In one embodiment, a combination 
of IL-2, TGF-B and rapa induces Treg with greater functional 
stability when compared to TGFB-iTreg. In one embodiment, 
a rapa-iTreg cell comprises a lymphoid migration pattern. In 
one embodiment, a RA-iTreg cell comprises an intestinal 
migratory pattern. 
0111. In one embodiment, the present invention contem 
plates compositions and methods for the development and 
testing of controlled release formulations for Treg induction 
compounds (e.g., IL-2, TGF-B and rapamycin) having pre 
dictable independent and differential release profiles. In other 
words, the release profile for each component in the formu 
lation is released with a custom-tailored predetermined 
kinetic and temporal pattern. Rothstein et al., “A simple 
model framework for the prediction of controlled release 
from bulk eroding polymer matrices' J Mater Chem (2008) 
18:1873-1880; and Rothstein et al., “A unified mathematical 
model for the prediction of controlled release from surface 
and bulk eroding polymer matrices’ Biomaterials (2009) 
30: 1657-1664. As is shown herein, the specific composition 
of a microparticle can be determined, in advance, that results 
in the differential release profiles of each component. 
Although it is not necessary to understand the mechanism of 
an invention, it is believed that the interaction of the differ 
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ential release profiles from these microparticle populations 
result in the creation of an iTreg cell population that has a 
predicted migration pattern and/or tissue target. The data 
presented herein show that these various microparticle for 
mulations (e.g., generic designation as "Factor MP formu 
lations) are capable of Treg cell population induction in vitro 
using either mouse or human cells. Also demonstrated is that 
the “Factor MP-induced Treg maintain their proliferative 
capacity and functional ability in vitro and express pheno 
typic Surface markers that are consistent with Soluble factor 
induced Treg. 
0112 Controlled release formulations for the individual 
regulatory T cell inducing factors (IL-2, TGF-B and rapamy 
cin) have been previously reported. However, the improve 
ments described herein demonstrate that the controlled 
release of a combination of individual regulatory T cell induc 
ing factors can generate mouse and human Treg cells having 
predictable migration patterns. In one embodiment, the 
present invention contemplates compositions comprising 
synthetic formulations (e.g., custom designed microparticles) 
capable of inducing Treg cell populations that have specific 
migratory patterns and/or target tissues. 
0113. The absence of regulatory T cells (Treg) may be 
involved in a wide variety of disorders including but not 
limited to, autoimmunity, dermatitis, periodontitis and/or 
transplant rejection. Logically, one potential treatment option 
for these disorders would be to increase local Treg numbers. 
For example, enhancing local numbers of Treg cells might be 
achieved through in situ Tregexpansion or induction. Current 
methods for in Vivo Tregexpansion rely on biologic therapies, 
which are not Treg-specific and are associated with many 
adverse side-effects. 
0114. The data presented herein describe the development 
and in vitro testing of a Treg-inducing synthetic formulation 
comprising a specific polymer composition that provides a 
vehicle for predictable controlled release of IL-2, TGF-B and 
rapamycin. While combinations of IL-2, TGF-B and rapamy 
cin have been reported to be co-administered previously, the 
combination therapy was not delivered where each com 
pound followed a pre-determined controlled release profile 
that results in an iTreg cell population have a predictable 
migratory pattern and/or target tissue. In one embodiment, 
IL-2, TGF-B and rapamycin are released in pre-determined 
controlled release profiles over an approximate three-to-four 
(3-4) week period. In one embodiment, IL2-TGFB-rapa 
iTreg cell populations produced by pre-determined con 
trolled release profiles express iTreg phenotype canonical 
makers. Functionally, these IL2-TGFB-rapa iTreg cell popu 
lations suppress naive T cell proliferation and T cell function 
at levels similar to soluble factor induced Treg as well as 
naturally occurring Treg. These release formulations are also 
capable of inducing FoxP3+ Treg in human cells in vitro. 
These data Suggest that pre-determined controlled release 
formulations of IL-2, TGF-B and rapa can expand a functional 
Treg population in vivo that has a predictable migratory pat 
tern and therapeutic effect. 
0115 A. Controlled Release Microparticle Characteriza 
tion 

0116. The data presented herein use IL-2MP, TGFBMP. 
and rapaMP formulations that were prepared under similar 
conditions comprising the polymer (RG502H) having a vis 
cosity of 0.16-0.24 d1/g. See, Example V. Scanning electron 
micrographs (FIG.1, left panel) show that individual particles 
are spherical and confirm the Volume average size distribu 
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tions (IL-2MP=25.5+7.5 um: TGFBMP-16.7+6.3 um: 
rapaMP-16.7+6.4 um; errors indicate standard deviation 
from the mean for each particle set). FIG.9, left panel. Addi 
tionally, the images reveal that IL-2MP have slightly porous 
exterior surfaces. These particles were specifically formu 
lated to be porous by altering osmotic pressures between the 
inner emulsion and the outside aqueous phase during micro 
particle preparation. It was predicted that this composition 
would comprise a high initial release burst followed by a 
continuous release. Further, a predicted linear release of 
TGF-B was observed from the TGFBMP population after a -2 
week lag phase, and a predicted continuous release of rapa 
mycing from the rapaMP population. See, FIG.9, right panel. 
0117 B. Treg Cell Induction by Predicted Microparticle 
Release Profiles 
0118 Soluble IL-2, TGF-3 and rapa factors were used as 
positive controls to the “FactorMP inductions because pre 
vious reports have shown Successful Treg cell population 
induction. 24-25. The data show that some embodiments of 
the “Factor MP formulations as contemplated by the present 
invention had a similar efficacy as soluble factors during in 
vitro Treg induction, as measured by FoxP3 expression. See, 
FIG.10A and FIG.10B. (FIGS. 2A and 2B). Although it is not 
necessary to understand the mechanism of an invention, it is 
believed that the degradable polymer-based formulations as 
designed herein release T cell inducing factors reliably to 
create functional iTreg cell populations. In addition, the “Fac 
tor MPs were capable of inducing Treg cell populations by 
releasing equivalent (-2-3 ng IL-2 and/or ~2-10 ng rapa), or 
reduced (-0.2-0.4ng of TGF-B) total amounts of the factors 
over 4 days of culture. The CFSE data also suggests that the 
iTreg cells underwent a robust proliferation. See, FIG. 10A. 
0119 C. Phenotype and Function of “Factor MP-iTreg 
Cells 
I0120 Treg are known to express a variety of characteristic 
surface proteins in addition to FoxP3. Consequently, the iTreg 
cell populations induced by "Factor MP populations 
described herein were typed for three other canonical Treg 
surface markers: CD25, FR-4 and GITR. CD25 is believed to 
be a high-affinity IL-2 receptor, which may increase sensitiv 
ity to IL-2 and is believed involved in Treg proliferation. FR-4 
is classified as a folate receptor, and may participate in folic 
acid sensing and uptake, processes that can prolong Treg 
survival. GITR is a surface receptor that has been suggested to 
play a role in Treg Survival and Suppression. 
I0121 “Factor MP-iTreg cell populations expressed each 
of these Surface markers at levels equivalent to Treg cells 
induced by soluble factors. See, FIG. 11A. Although it is not 
necessary to understand the mechanism of an invention, it is 
believed that the expression of these Surface proteins, along 
with FoxP3, suggests that these cells are Treg cells, but the 
cells may, or may not, have a Suppressive capability. 
0.122 FactorMP-iTreg cell populations were assayed as to 
whether these cells retained a capability to suppress naive T 
cell proliferation using an in vitro co-culture system.Collison 
et al., “In vitro Treg suppression assays” Methods Mol Biol. 
(2011) 707:21-37. The data showed that “Factor” MP-iTreg 
cell populations did retain T cell proliferation suppressive 
capabilities similar to Treg induced by soluble factors and 
natural Treg. See, FIG. 11B. 
(0123 D. “Factor” MPiTreg Human Cells 
0.124 Human T cells isolated from PBMC have been 
reported to be induced into a Treg phenotype using soluble 
factors such as IL-2, TGF-B and rapa. Hippen et al., "Gen 
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eration and large-scale expansion of human inducible regu 
latory T cells that Suppress graft-Versus-host disease' Am J 
Transplant (2011) 11:1148-1157; and Kawamoto et al., 
“Transforming growth factor beta 1 (TGF-beta1) and rapa 
mycin Synergize to effectively suppress human T cell 
responses via upregulation of FoxP3+Tregs' Transpl Immu 
mol. (2010) 23:28-33. Although it is not necessary to under 
stand the mechanism of an invention, it is believed that a 
clinical application of some “Factor MP formulation 
embodiments would benefit from a determination of whether 
these formulations were capable of inducing Treg cell popu 
lations from human T cells. The data presented herein was 
collected from human T cells cultured in the presence of 
soluble Treg inducing factors or embodiments of “Factor 
MP formulations as described herein. The data show that 
“Factor MP formulations were equally capable of inducing 
Treg when compared to the soluble factors and released either 
an equivalent (1-10 ng/ml rapa) or reduced (2-4 ng/ml TGF 
B) amounts of factors as determined by FoxP3 expression. 
See, FIG. 12 and FIG. 12B. 
0125 E. Controlled Release of Vasoactive Intestinal Pep 
tide 

0126 Vasoactive intestinal peptide (VIP) is a 28-amino 
acid neuropeptide originally isolated from the intestine that is 
believed to have numerous biological functions. For example, 
VIP has been reported to down-regulate a variety of pro 
inflammatory responses and up-regulate anti-inflammatory 
responses, and has been administered as a therapeutic mouse 
model in experimental collagen-induced arthritis, sepsis, 
Crohn's disease, and experimental autoimmune encephalo 
myelitis (EAE). Although it is not necessary to understand the 
mechanism of an invention, it is believed that VIP may shift 
the Th1-Th2 balance in the favor of Th2 by promoting Th2 
type cytokine production and, at the same time, by inhibiting 
Th1 development and responses. Delgado et al. “Vasoactive 
intestinal peptide prevents experimental arthritis by down 
regulating both autoimmune and inflammatory components 
of the disease” Nat. Med. (2001)7:563-568; Fernandez-Mar 
tin et al., “Vasoactive intestinal peptide induces regulatory T 
cells during experimental autoimmune encephalomyelitis' 
Eur: J. Immunol. (2006) 36:318-326; and Gonzalez-Rey et al., 
“Vasoactive intestinal peptide and regulatory T-cell induc 
tion: a new mechanism and therapeutic potential for immune 
homeostasis’ Trends in Molecular Medicine (2007) 13:241 
251. 

0127. More recently, new mechanisms have been pro 
posed that identify the role of VIP in inducing and recruiting 
regulatory T (Treg) cells that may play a role in maintaining 
immune homeostasis. See, FIG. 13. Both natural and induc 
ible regulatory T cells are believed involved involved in 
immune tolerance and regulation. For example, natural Treg 
cells develop in the thymus as CD4+CD25+FoxP3+ Tregs, 
and expand in the periphery. Pozo et al., “Tuning immune 
tolerance with vasoactive intestinal peptide: A new therapeu 
tic approach for immune disorders’ Peptides (2007) 28:1833 
1846. Alternatively, the so-called inducible Treg cells can be 
generated from CD4+CD25- and CD8+CD25- naive T cells 
under certain stimulation patterns. Treg induction by VIP may 
occur in at least two different pathways. One alternative com 
prises VIP directly activating naive CD4+CD25-T cells to 
have a regulatory phenotype. A second alternative comprises 
VIP steering immature dendritic cells (DCs) toward a tolero 
genic phenotype. Such tolerogenic DCs can then induce 
CD4+ and CD8+ naive T cells toward a regulatory phenotype 
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(inducible Tregs). It has also been reported that VIP can 
induce tolerogenic dendritic cells to produce CCL22, a 
chemokine known involved in the recruitment of regulatoryT 
cells. Delgado et al., “VIP/PACAP preferentially attract Th2 
effectors through differential regulation of chemokine pro 
duction by dendritic cells' FASEBJ (2004) 18:1453-1455. 
I0128. One known difficulty in attempting to use VIP 
based therapies is the short half-life of VIP in the body. One 
approach to address this challenge has focused on attempts to 
develop VIP analogs which deliver the same therapeutic ben 
efits as VIP but are metabolically stable. Misaka et al., “Inhal 
able powder formulation of a stabilized vasoactive intestinal 
peptide (VIP) derivative: Anti-inflammatory effect in experi 
mental asthmatic rats' Peptides (2010) 31:72-78. However, 
VIP analogues only extend the half-life to 4 hours and the 
liposomes offer only short-term release, releasing 77-87% of 
encapsulated VIP within the first two hours in vitro. Werniget 
al., “Depot formulation of vasoactive intestinal peptide by 
protamine-based biodegradable nanoparticles' J of Con 
trolled Release (2008) 130:192-198. Another approach might 
involve protecting the VIP by encapsulation into sterically 
stabled liposomes. Such liposomal particles would be 
expected to deliver a longer lasting release profile and are 
therefore a more promising approach to a VIP-based therapy. 
I0129. The data presented herein describes an alternative 
method of quantifying VIP release using microparticles com 
posed of 12.6 kDA PGLA. The released VIP was detected 
using a commercially available VIP Enzyme Immunoassay 
kit (Phoenix Pharmaceuticals). Dentritic cell (DC) cultures 
were tested to determine the bioactivity of VIP released from 
these microparticles. The results suggest that VIP micropar 
ticles have a significant therapeutic potential as a treatment 
for periodontitis. 
0.130. In one embodiment, the present invention contem 
plates a composition comprising a VIPMP formulation hav 
ing a polymer composition predicted by mathematical analy 
sis to provide a pre-determined release profile. 
I0131 A. VIP Release from VIPMPs Having Pre-Deter 
mined Release Profiles 

(0132 Controlled release of VIP from VIPMPs made in 
accordance with Examples XI and XII was measured over a 
60 day period and evaluated for both a predicted linear release 
profile and a predicted multi-bolus release profile. 
0.133 Release assays were performed in triplicate for six 
batches of VIP microparticles, but only two sets were evalu 
ated using the ELISA plates. The remaining samples were 
stored at -80°C. for future evaluation. Four microparticle sets 
contained particles of pure polymer weight: 4.2 kDA, 12.6 
kDa with and without PEG, and 100 kDa. Predictive model 
calculations generated proposed ratios of microparticles with 
different polymer molecular weights (10.6% of the 4.2 kDa, 
31.9% of the 12.6 kDa without PEG, and 57.5% of the 100 
kDa polymer) that predicted a linear release for a period of 
approximately 50 days Rothstein et al., “A simple model 
framework for the prediction of controlled release from bulk 
eroding polymer matrices' J of Mater. Chem. (2007) 
18:1873-1880. This algorithmic model further suggested that 
when 4.2 kDa, 12.6 kDa with PEG, and 55 kDa polymers 
were mixed in equal amounts, the resultant microparticle 
would be expected to have an extended multi-bolus release 
profile. 
I0134) The VIP release profiles for both the linear and 
multi-bolus VIPMPs showed initial bursts followed by an 
extended release over the period of 60 days. As would be 
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expected from the algorithm prediction, showed a secondary 
burst around day 15 and a possible start of a tertiary burst at 
day 45. Further, the multi-bolus group released about twice as 
muchVIP as compared to the linear profile VIPMP. The linear 
VIPMPs released much slower than the multi-bolus VIPMPs 
and at day 5, release of VIP from the linear VIPMPs began 
releasing in a near-linear fashion. See. FIG. 14A. A compari 
son of the observed release and the model prediction of the 
linear VIPMPs is presented that ignores the initial burst 
occurring during the first five days of release profile. See, 
FIG. 14B. 

0135 With the exception of the initial burst, the computer 
model Successfully predicted the polymer ratio necessary to 
achieve a near-linear release of VIP for a period of 50 days. 
Although it is not necessary to understand the mechanism of 
an invention, it is believed that that the release of VIP may be 
delayed due to ionic interactions of VIP with the PLGA 
polymer. VIP has an exceptionally high isoelectric point of 
11.8, meaning that at pH of 7, the peptide has a net positive 
charge. Since the polymer is negatively charged, the VIP 
could aggregate with the polymer. It appeared that the VIP did 
not finish releasing from both the linear and multi-bolus 
groups, although the model predicted complete release by day 
50. 
0136. B. VIP Bioactivity Assays 
0137 To show that VIP microparticles released bioactive 
VIP, dentritic cell (DC) cultures and chemotaxis studies were 
performed. Three separate DC cultures with 24 individual 
wells were completed inaccordance with Example XIII. Both 
GM-CSF and IL-4 were used to culture the cells in the first 
two DC cell cultures, but for the third DC culture, the IL-4 
was omitted to reduce its possible interference in steering 
immune cells toward a tolerogenic phenotype. Chemotaxis 
studies of CD4+ T-cells were performed and the percent of 
FoxP3+ T-cells which flowed through the transwells for each 
group was evaluated using flow. The data is presented as a 
normalized percent of FoxP3+ cells which were recruited by 
the DCS for the first DC when both IL-4 and GM-CSF were 
used to culture the DC precursors and when GM-CSF was 
used alone in the last DC culture. The DCs treated with 
soluble VIP or releasates from VIP microparticles recruited a 
higher percentage of FoxP3+ cells than DCs that only 
received LPS or releasates from blank particles. See, FIG. 15. 
0138. DCs cultured in the absence of IL-4 showed similar 
trends in the recruitment of regulatory T cells, Suggesting VIP 
itself (not IL-4) is responsible for CCL22 induction. When 
the DC culture was repeated with the absence of IL-4 and 
addition of 5xGM-CSF, flow cytometry indicated slightly 
different trends. The DCs treated with LPS alone, soluble 
VIP, and releasates from VIP microparticles recruited the 
same percentage of FoxP3+ cells. The DCs treated with 
releasates from the blank microparticle groups recruited less 
FoxP3+ cells than the other groups. The distinction between 
the VIP microparticle group and the blank microparticle 
group was increased when no IL-4 was used. 
0.139. In the in vitro DC cultures, a higher percentage of 
FoxP3+ regulatory T-cells after chemotaxis indicated that the 
DCs produced more CCL22, a chemokine known to be 
involved in regulatory T cell recruitment. The released VIP 
appeared to be bioactive since the DCs treated with releasates 
from VIP microparticles showed higher percentage recruit 
ment of FoxP3+ cells than those treated with blank releasates 
for all three experiments. Studies have shown that CCL22 
production of DC cells does not increase as significantly after 
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treatment with soluble VIP. Delgado et al., “VIP/PACAP 
preferentially attract Th2 effectors through differential regu 
lation of chemokine production by dendritic cells” (2004) 
FASEBJ 18:1453-1455. As IL-4 has been suggested to skew 
DC differentiation, IL-4 was omitted from the fourth DC 
culture in attempt to yield greater distinction between groups 
in percent FoxP3+ cell recruitment. Robinson et al., “Chapter 
17. Generation of Murine Bone-Marrow-Derive Dendritic 
Cells” (2001) Dendritic Cell Protocols 191-98. While there 
was a greater difference between the blank microparticles and 
VIPMPs of the DC culture without IL-4, the LPS control, 
soluble VIP, and VIP microparticle groups all appeared to 
show similar trends. 
(O140 C. In Vivo Imaging of VIPMP Periodontal Treat 
ment 
0.141. A micro-computerized tomographic analysis 
images of mouse alveolar bone used to determine bone loss in 
mice following administration of blank MPs, CCL22MPs, 
and VIPMPs. The data distinguishes the cementoenamal 
junction (CEJ) as a focal point on which to quantitate bone 
loss data using either a linear measurement or a Volumetric 
measurement technique. FIG. 16. Park et al., “Three Dimen 
sional Micro-Computed Tomographic Imaging of Alveolar 
Bone in Experimental Bone Loss or Repair' (2007).J. Peri 
odontol. (2007) 78:273-281. 
0.142 Micro-CT analysis has not yet been reported as a 
technique to evaluate alveolar bone loss in mice having peri 
odontitis treated with VIP microparticles. However, micro 
CT analysis has been performed on mice having periodontitis 
which received CCL22MP treatment. FIG. 17. 

V. Predicting “Factor” MP Formulation Release Profiles 
0143. In some embodiments, the present invention con 
templates improving upon methods comprising increasing a 
Treg cell:Teff cell ratio. For example, is has been reported that 
a combination of soluble T cell inducing factors such as IL-2, 
TGF-B and rapamycin establish an environment that favors an 
increase in this ratio. Haxhinasto et al., “The AKT-mTOR 
axis regulates de novo differentiation of CD4+Foxp3+ cells' 
J Exp Med (2008) 205565-574; Kopfet al., “Rapamycin 
inhibits differentiation of Th17 cells and promotes generation 
of FoxP3+T regulatory cells' Int Immunopharmacol (2007) 
7:1819-1824; Cobbold et al., “Infectious tolerance via the 
consumption of essential amino acids and mTOR signaling 
Proc Natl Acad Sci USA (2009) 106:12055-12060; and 
Thomson et al., “Immunoregulatory functions of mTOR inhi 
bition” Nat Rev Immunol. (2009) 9:324-337. In one embodi 
ment, the present invention contemplates a method to create 
an improved immunosuppressive, Treg-inducing environ 
ment by providing "FactorMP formulations that provide a 
predictable and Sustained release of T cell inducing factors at 
a local site. In one embodiment, the "FactorMP formulation 
comprises a polymer (e.g., PLGA). Although it is not neces 
sary to understand the mechanism of an invention, it is 
believed that these formulations are prepared in accordance 
with a pre-fabrication mathematical analysis that creates a 
unique microparticle composition that results in a pre-deter 
mined release profile tailored for the induction and prolifera 
tion of specific Treg cell populations. 
0144. For example, IL-2 is believed involved in Treg cell 
Survival, and it has been suggested that high initial IL-2 
concentrations might improve Treg cell proliferation and 
resist apoptosis. Shevach, “CD4+CD25+ suppressor T cells: 
more questions than answers' Nat Rev Immunol. (2002) 
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2:389-400; and von Boehmer, “Dynamics of suppressor T 
cells: in vivo veritas”, (2003) 198:845-849. In one embodi 
ment, a mathematical calculation predicted a specific micro 
particle polymer composition comprising a slightly porous 
IL-2MP that provided a high initial IL-2 release burst, fol 
lowed by a slow continuous IL-2 release over an approximate 
five (5) week time frame. In one embodiment, a mathematical 
calculation predicted a specific and novel microparticle poly 
mer composition comprising a two (2) week lag period that is 
followed by a continuous TGF-B linear release formulation 
for TGF-B for approximately three (3) weeks. Although it is 
not necessary to understand the mechanism of an invention, it 
is believed that the initial two (2) week lag phase can be 
mathematically predicted by calculations describing the ionic 
interactions between TGF-B and PLGA. It is further believed 
that these ionic interactions could be a result of the high 
isoelectric point (pl) of TGF-B and the relatively low pH 
conditions inside the microparticles. In one embodiment, a 
mathematical calculation predicted a specific and novel 
microparticle polymer composition comprising an immedi 
ate continuous TGF-B linear release wherein the polymer is 
pre-incubated the TGFBMP in culture media for approxi 
mately 18-22 days. In one embodiment, a mathematical cal 
culation predicted a specific and novel microparticle polymer 
composition that continuously releases rapamycin over a 2-3 
week time frame. 
0145. In one embodiment, the present invention contem 
plates a composition comprising a plurality of “Factor MP 
formulations. Although it is not necessary to understand the 
mechanism of an invention, it is believed that such "Factor” 
MP formulations areas effective as soluble factors that induce 
Treg from naive T cells. In one embodiment, the “Factor MP 
iTreg cells provide a robust Treg cell proliferation, express 
canonical Treg Surface markers, and Suppress naive T cell 
proliferation. Further, it was observed that Treg induction and 
proliferation occurred even when the cells were in contact 
with microparticles, Suggesting that the microparticles do not 
have adverse on these cells. In one embodiment, "Factor” 
MP formulations induce human T cells into an iTreg cell 
population. In one embodiment, the human-iTreg comprises a 
high expression of FoxP3 and is capable of proliferation (data 
not shown). 
0146 In one embodiment, the present invention contem 
plates method comprising administering "Factor MP popu 
lations in vivo for treating medical conditions such as trans 
plant rejection and/or autoimmunity mediated by a local Treg 
cell population induction. 

VI. Mathematical Prediction of Microparticle Release 
Profiles 

0147 In some embodiments, the present invention con 
templates using a broadly applicable model for predicting 
controlled release that eliminates the need for exploratory, in 
vitro experiments during the design of new biodegradable 
matrix-based therapeutics. For example, a simple mathemati 
cal model can predict the release of many different types of 
agents from bulk eroding polymer matrices without regres 
Sion. Such models comprise deterministically calculating the 
magnitude of the initial burst and the duration of the lag phase 
(time before Fickian release) by making predictions based 
upon easily measured or commonly known parameters. This 
model describes the release of water-soluble agents that are 
discretely encapsulated in bulk eroding, polymer matrices 
and that dissolve rapidly, relative to the time scale of release. 
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In addition to using specific equations, the model includes 
two correlations that enable predictions with knowledge of 
just five parameters, all commonly known or easily measured 
prior to release. These parameters are microsphere radius 
(R), occlusion radius (R), polymer degradation rate 
(kC), polymer initial molecular weight (M), and agent 
molecular weight (M). A regression to a desired dosing 
schedule generates a set of matrix design parameters to guide 
the fabrication of a matching controlled release therapeutic. 
0148 Briefly, the operation of the predictive algorithm can 
be described as follows. Consider an initially uniform matrix 
of known geometry comprised of a biodegradable polymer, 
Such as a polyester or polyanhydride, and with randomly 
distributed entrapped release agent (e.g. drug of concentra 
tion C), loaded below its percolation threshold (such that 
agent remains discrete) to ensure matrix mediated release. 
This agent can either be dispersed as crystals (such as in the 
case of uniformly loaded systems, e.g. single emulsion-based 
particulates) or housed as a solution in occlusions (e.g. double 
emulsion-based particulates). At time Zero, an aqueous res 
ervoir begins to hydrate the matrix, a process which happens 
quickly for the bulk eroding polymers matrices considered 
herein. As the matrix hydrates, encapsulated agent adjacent to 
the matrix surface (with a direct pathway for egress) diffuses 
into the reservoir in a phase typically dubbed “the initial 
burst'). The relative size of the occlusion (R) occupied by 
the encapsulated agentis proportional to the magnitude of the 
initial burst. As the initial burst release commences, degrada 
tion of the polymer begins, increasing chain mobility and 
effectively leading to the formation of pores in the polymer 
matrix. Although a number of mechanisms have been pro 
posed for this heterogeneous degradation profile, one hypoth 
esis, which has been reinforced by experimental data, is based 
upon regions of varying amorphicity and crystallinity. It is 
believed that (as shown using scanning electron microscopy). 
These pores appear to be essential for Subsequent release. 
0149. With the cumulative growth and coalescence of 
these pores, agents are able to diffuse towards the surface of 
a polymer matrix that would otherwise be too dense to allow 
their passage. Thus, a pore is defined as a region of polymer 
matrix with an average molecular weight low enough to allow 
the release of encapsulated agent. (This is in contrast to the 
occlusion, which is defined as a region occupied by dissolved 
or Solid agent, marked by the absence of polymer matrix.). 
Further, the molecular weight associated with release may 
vary for each encapsulated agent type (Small molecule, pep 
tide, protein, etc.), leading to a size-dependent restriction for 
agent egress. 

0150. With a size-dependent restriction on egress estab 
lished, the degradation controlled release of any encapsulated 
agent can only occur when the following four conditions are 
satisfied. 1) The release agent must be present in the polymer 
matrix. 2) A pore must encompass the release agent. 3) That 
release agent must be able to diffuse through the encompass 
ing pore. 4) The pore must grow and coalesce with others to 
create a pathway for diffusion to the surface. 
0151. Agent concentration within a matrix (such a micro 
sphere, rod, or thin film) can be calculated from Fick's second 
law (Equation 1) for any point in time (t) or space(r), provided 
that the agent is not generated or consumed in any reactions 
while within the matrix. 
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C (1) 
= V (D, VCA) 

where D is an effective diffusivity term. Integrating C/C. 
over the entire matrix volume yields the cumulative fraction 
of agent retained in the matrix (P(t)) (Equation 2). 

In turn, the cumulative fraction of agent released (R(t)), a 
metric commonly used to document formulation perfor 
mance, is simply (Equation 3): 

At the center point, line, or plane of the matrix (r-O) symme 
try conditions are defined such that dC/dr=0. At the matrix 
surface (r-R) perfect sink conditions are specified. Abound 
ary also exists at a depth of R in from the matrix surface 
(r-R-R) where continuity conditions are defined. In the 
subdomain from R to R-R (terminating one occlusion 
radius in from the particle Surface), agent is subject to the 
initial release, such that D is simply a constant (D), reflect 
ing the movement of agent through the hydrated occlusions 
abutting the matrix surface. In the subdomain from 0 to 
R-R, agent is subject to pore-dependent release, such that 
D-De where D is the diffusivity of the agent through the 
porous matrix and E is the matrix porosity. 
0152 For a system of like matrices, such as microspheres 
or sections in a thin film, that degrade randomly and hetero 
geneously, the accessible matrix porosity is simply a function 
of time as a discrete pore has, on average, an equal probability 
of forming at any position in the polymer matrix. Hence, the 
time until pore formation can be calculated from the degra 
dation of the polymer matrix, as any differential volume 
containing a pore would have a lower average molecular 
weight than its initial value. Assuming that the polymer deg 
radation rate is normally distributed, the induction time for 
pore formation will also follow a normal distribution. As this 
pore formation is cumulative, the timedependent matrix 
porosity (3(t)) can be described with a cumulative normal 
distribution function (Equation 4). 

(4) 

In this equation, t is the mean time for pore formation and of 
is the variance in time required to form pores. 
0153 Calculating the cumulative normal induction time 
distribution (e(t)) requires values fort and of. For polymers 
that obey a first order degradation rate expression, the mean 
time for pore formation (t) can be determined as follows: 

kCIM 
-1 Mr. 

19 

where kC is the average pseudo-first order degradation rate 
constant for the given polymer type, M is the initial molecu 
lar weight of the polymer, and we define M as the average 
polymer molecular weight in a differential volume of matrix 
that permits the diffusion of the encapsulated agent. For 
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blended polymer matrices, the value for t was calculated by 
averaging the results obtained from Equation 5 for each com 
ponent. 
0154 It is reasonable to believe that the matrix molecular 
weight at release (M), which dictates how much degrada 
tion is required before release can occur, would vary depend 
ing on the size of the encapsulated agent. Macromolecules or 
larger agents can only diffuse through a section of matrix if it 
is almost entirely free of insoluble polymer chains. Hence the 
M. for Such agents is considered the polymer Solubility 
molecular weight (e.g., 668 Da for 50:50 PLGA). As agent 
size decreases (as indicated by M), however, egress can 
occur through more intact sections of polymer matrix (higher 
M), as less free space is needed to allow their passage. 
0155 The distribution of polymer degradation rates (kC. 
(n)) attributed to matrix crystallinity is needed to calculate the 
variance (of) in the induction time distribution for pore for 
mation (e(t)). To determinekC(n), the first order degradation 
rate equation Mi-Me'"t was linearly fitted at three dif 
ferent time periods to published degradation data for the 
desired hydrolysable polymer. Fitting the initial slope of the 
degradation profile provides the degradation rate constant of 
amorphous polymer as degradation occurs faster in amor 
phous regions of the matrix. Fitting data from the final weeks 
of degradation produces a rate constant for the crystalline 
material, as amorphous regions are largely eroded by this 
point. Finally, a fit of the entire degradation profile yielded a 
rate constant indicative of the overall morphology. 
0156 With values for kC(n) defined, a distribution of 
induction times (t(n)) was calculated using equation 5. For 
blended polymer matrices this t(n) includes values calculated 
at all component kC(n) and M. The standard deviation 
was taken fort(n), then divided by a crystallinity-based factor 
and squared, yielding an adjusted variance (of), which con 
forms with lamellar size data. 
0157. This crystallinity-based factor adjusts the probabil 
ity offinding pores formed from the fastest degradation rate in 
kC(n) to match the probability of finding a differential vol 
ume of matrix containing purely amorphous polymer. For all 
modeled cases, this differential Volume is defined as a region 
large enough to allow the passage of a small virus or protein 
complex (20 nm diameter). As multiple lamellar stacks can fit 
into this differential volume, the probability that such a vol 
ume is purely amorphous can be calculated from of the num 
ber of stacks per differential volume and the average crystal 
linity of the matrix. From crystallinity data on 50:50 PLGA 
matrices, the probability of finding a purely amorphous dif 
ferential volume is calculated as 0.05%. Thus, to ensure that 
the probability of finding a pore formed from the fastest 
degradation rate in kC(n) also equals 0.05%, the standard 
deviation in the induction time distribution for pore formation 
was adjusted by a factor of 5. Similarly, factors of 4 and 2 
were calculated from crystallinity data for 75:25 PLGA and 
polyanhydride matrices, respectively. 
I0158. With values for t and of selected (defining e(t)), a 
finite element solution to Equation 1 may be calculated using 
a commercially available software program (e.g., ComSolR, 
V3.3) for the given matrix geometry, using default solver 
settings. To decrease computation time, the matrix geometry 
can be simplified to one dimension based on symmetry, for a 
sphere, or high aspect ratio, for a thin film. The resulting 
concentration profiles are numerically integrated to calculate 
the cumulative fraction of agent released (Equations 2 and 3). 
For validation, the numerical solutions of the model can be fit 
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to experimental data sets by varying M and D. It should be 
noted that data points charting the kinetics of the initial burst 
can be omitted from these regressions, as the model only 
predicts the magnitude of this phase. Each fit may be opti 
mized using a commercially available software program 
(e.g., Matlab R, R2007a) based on a minimized sum-squared 
error (SSE) or weighted sum-squared error (wSSE) when 
error bars are provided. 

VII. Kits 

0159. In another embodiment, the present invention con 
templates kits for the practice of the methods of this inven 
tion. The kits preferably include one or more containers con 
taining a “FactorMP composition to perform methods of this 
invention. The kit can optionally include an IL-2MP compo 
sition. The kit can optionally include a TGFBMP composi 
tion. The kit can optionally include a rapamycinMP compo 
sition. The kit can optionally include a VIPMP composition. 
The kit can optionally include a pharmaceutically acceptable 
excipient and/or a delivery vehicle. The reagents may be 
provided suspended in the excipient and/or delivery vehicle 
or may be provided as a separate component which can be 
later combined with the excipient and/or delivery vehicle. 
The kit may optionally contain additional therapeutics to be 
co-administered with the microparticle compositions. 
0160 The kits may also optionally include appropriate 
systems (e.g. opaque containers) or stabilizers (e.g. antioxi 
dants) to prevent degradation of the reagents by light or other 
adverse conditions. 

0161 The kits may optionally include instructional mate 
rials containing directions (i.e., protocols) providing for the 
use of the reagents in the performance of the methods 
described herein. In particular the disease can include any one 
or more of the disorders described herein. While the instruc 
tional materials typically comprise written or printed materi 
als they are not limited to such. Any medium capable of 
storing Such instructions and communicating them to an end 
user is contemplated by this invention. Such media include, 
but are not limited to electronic storage media (e.g., magnetic 
discs, tapes, cartridges, chips), optical media (e.g., CD 
ROM), and the like. Such media may include addresses to 
internet sites that provide such instructional materials. 
0162. In one embodiment, the present invention contem 
plates a kit comprising "Factor MP populations to provide an 
off-the-shelf therapeutic for creating a local immunosup 
pressive environment and increasing the presence of Treg 
cells at sites of inflammation. In one embodiment, the kits 
may be used to treat various medical conditions including, but 
not limited to, contact dermatitis, periodontitis and diseases 
where immune homeostasis is lost and needs to be restored, 
skin disorders, composite tissue transplantation, prevention 
of graft rejection. Although it is not necessary to understand 
the mechanism of an invention, it is believed that "Factor MP 
formulations can be administered to treat diseases and disor 
ders while the systemic immune system integrity Such that the 
immune system can continue to fight infections and inhibit 
malignancies. 

EXPERIMENTAL 

0163 Data presented herein is reported as 
meansistandard deviation values (error bars) unless other 
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wise indicated. A paired or unpaired Student's t test was 
used for statistical comparison between any 2 given samples 
unless otherwise indicated. 

Example I 

Preparation of iTreg Cells 

0164. This example describes one method of preparing 
iTreg cells following an in vitro administration of soluble 
cytokines. 

Animals 

(0165 Six-eight week-old C57BL/6 and B6.SJL-Ptprea/ 
Boy AiTac (CD45.1) mice were purchased from Taconic and 
used within two months of delivery. B6(Cg)-Tyrc-2J/J (albino 
C57BL/6 mice) were purchased from The Jackson Labora 
tory. C57BL/6.Luc-- mice were a kind gift from Dr. Stephen 
Thorne (Dept. of Surgery, University of Pittsburgh). All ani 
mals were maintained under specific pathogen-free condi 
tions. 

Materials 

0166 Mouse CD4 negative isolation kit, C.CD3/CCD28 
labeled beads (aAPC Dynal(R) and Vybrant CFDA-SE cell 
tracer kit were from Invitrogen Corporation (Carlsbad, Calif., 
USA). Recombinant mouse IL-2 (R&D systems, Minneapo 
lis, Minn., USA), recombinant human TGF-B1 (CHO cell 
derived, PeproTech, Rocky Hills, N.J., USA), all-trans-ret 
inoic acid (Sigma, St. Louis, Mo., USA), and rapamycin was 
from LC labs (Woburn, Mass., USA). The following antibod 
ies were purchased from eBioscience (San Diego, Calif., 
USA): CD4 (L3T4), FoxP3 (FJK-16s), CD45.1 (A20), 
CD103 (2E7), CD25 (PC61.5), glucocorticoid-induced 
TNFR-related protein. GITR(DTA-1), FR4 (eBiol2A5), 
CCR7 (4B12) and CCR9 (eBioCW-1.2). Anti-cytotoxic 
T-lymphocyte antigen 4-CTLA-4 (UC 10-4B9) was from 
BioLegend (San Diego, Calif., USA). Anti-PE microbeads 
were obtained from Miltenyi Biotec (Auburn, Calif., USA). 

T Cell Isolation 

0.167 Spleen and lymph nodes were dissected from mice, 
and single cell Suspensions were prepared using mechanical 
digestion. Following RBC lysis, CD4+ cell isolation was 
performed using the CD4 negative isolation kit (Invitrogen) 
as per the manufacturers instructions. To enrich for CD25 
cells, CD4+ cells were incubated with anti-mouse CD25-PE 
antibody (eBioscience) followed by addition of anti-PE 
microbeads (Miltenyi). Bead-bound CD25+ cells were iso 
lated by passing cells through a magnetic column. Unbound 
CD4+CD25-cells were separated and used to induce Treg. 

Treg Induction 

0168 Freshly-isolated naive CD4+CD25-cells were cul 
tured with aAPC Dynal(R) beads at a 2:1 (dynal:cell) ratio in 
the presence of 10 ng/ml IL-2, 20 ng/ml TGF-31 and/or 3 
ng/ml (10 nM) RA and/or 10 ng/ml rapa. To obtain effector T 
cells (Teff), CD4+ CD25-cells were cultured with a APC 
Dynal(R) beads and 10 ng/ml IL-2 only. Cell cultures were 
maintained for 4 days, and cells separated Subsequently from 
the magnetic Dynal(R) beads. To determine induction of Treg 
phenotype, FoxP3 staining and flow cytometry (BD-LSRII) 
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were performed at the end of the 4-day culture period as per 
the manufacturers instructions (eBioScience). 

Example II 

In Vitro Suppression Assay 
(0169 Freshly-isolated naive CD4+ CD45.1+ cells were 
stained with Carboxyfluorescein diacetate succinimidyl ester 
(CFSE: Invitrogen, as per the manufacturers instructions) 
and co-cultured with autologous induced Treg (generated as 
described above) at different ratios in 96-well plates. The 
number of naive CD4+ CD45.1+ cells was always 50,000 
cells/well. For stimulation, 25,000 a.APC Dynal(R) beads per 
well were used (2:1, naive cell: Dynal ratio). Co-cultures were 
maintained for 4 days, followed by staining for flow cytom 
tery. 

Example III 

In Vitro iTreg Stability Testing 
0170 iTreg cells generated under different conditions and 
effector T cells (Teff, generated by stimulating naive T cells in 
the presence of IL-2 only) were obtained from 4-day cultures 
and rested in 10 ng/ml IL-2 for 2 days. Thereafter the cells 
were cultured along with aAPC Dynal(R) beads as stimulators: 
(i) for Dynal(R) only (no Teff and no factors) group, 100,000 
iTreg were cultured with 200,000 Dynal(R) beads along with 
10 ng/ml IL-2; (ii) for Dynal(R)--Teff (no factors) group, 
50,000 iTreg cells were cultured with 50,000 Teff cells and 
100,000 Dynal(R) beads along with 10 ng/ml IL-2; (iii) for 
Dynal(R)--factors (no Teff) group, 100,000 iTreg cells were 
cultured with 200,000 Dynal(R) beads and respective factors at 
the concentrations described above; (iv) for Dynal(R+Teff 
factors group, 50,000 iTreg cells were cultured with 50,000 
Teff cells and 100,000 Dynal(R) beads and respective factors. 
Re-stimulation experiments were carried out for 4 days and 
cells were then stained and analyzed by flow cytometry. 

Example IV 

In Vivo Migration Experiments 
0171 iTreg cells generated from naive CD45.1+ CD4+ 
CD25-cells were injected into CD45.2 mice at a concentra 
tion of 2x10 cells in 200ul PBS per animal (lateral tail vein). 
Three days following injection, mice were euthanized and the 
spleen, cervical lymph nodes and mesenteric lymph nodes 
collected. Single cell Suspensions from each of these tissues 
were prepared, stained for different markers and analyzed by 
flow cytometry. 
0172 For in vivo live animal imaging experiments, iTreg 
cells were generated from C57BL/6.Luc-- mice and injected 
into albino C57BL/6 mice at a concentration of 1x10° cells in 
200 ul PBS per animal (lateral tail vein). At defined time 
points, mice were injected (i.p.) with 200 ul luciferin (30 
mg/ml) and imaged using the IVIS 200 (Xenogen VivoVi 
sion, Caliper Life Sciences, Hopkinton, Mass., USA). Lumi 
nescent images were analyzed and quantified using Igor Pro 
Living Image(R) 2.60.1 (Caliper Life Sciences). 

Example V 

Controlled Release Microparticle Preparation 
(0173 IL-2 and TGF-3 microparticles (IL-2MP and 
TGFBMP respectively) were prepared using the double 
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emulsion-evaporation technique. Thomas et al., “Micropar 
ticulate formulations for the controlled release of interleukin 
2'J Pharm Sci. (2004) 93:1100-1109; and DeFail et al., 
“Controlled release of bioactive TGF-beta 1 from micro 
spheres embedded within biodegradable hydrogels' Bioma 
terials (2006) 27: 1579-1585. 
0.174. The IL-2MP population was prepared under the fol 
lowing conditions: i) Five ug of recombinant (r) mouse IL-2 
(R&D Systems Minneapolis, Minn.) was mixed with 2 mg of 
BSA and 5 mM NaCl in 200 ul of de-ionized water; ii) this 
Solution was added to 4 ml of dichloromethane containing 
200 mg of poly lactic-co-glycolic acid (PLGA, RG502H, 
Boehringer Ingelheim Chemicals Inc., Petersburg, Va.); iii) 
the mixture was agitated using a sonicator (Vibra-Cell, New 
ton, Conn.) at 25% amplitude for 10 sec, creating the primary 
emulsion; iv) the primary emulsion was then mixed with 60 
ml of 2% polyvinyl-alcohol (PVA, MW -25,000, 98% hydro 
lyzed; Polysciences) under homogenization (L4RT-A, Silver 
son, procured through Fisher Scientific) at 3000 rpm for 1 
min, creating a double emulsion; v) the double-emulsion was 
then added to 80 ml of 1% PVA, and left for 3 hr spinning at 
600 rpm thereby creating the microparticles; and vi) the 
microparticles were centrifuged (200g, 5 min, 4°C.), washed 
4 times in de-ionized water, and lyophilized (Virtis Benchtop 
Kfreeze dryer, Gardiner, N.Y.; operating at 80 mTorr). 
(0175. The TGFBMP population was prepared under the 
following conditions: i) one ug of r-human TGF-B (CHO 
cell-derived, PeproTech, Rocky Hill, N.J.) was mixed with 10 
mg D-mannitol. 1 mg of BSA, and 15 mM NaCl in 200ul of 
de-ionized water; ii) this solution was added to 4 ml ofdichlo 
romethane containing 200 mg of PLGA (RG502H), and the 
mixture agitated using a Sonicator at 25% amplitude for 10 
sec, creating a primary emulsion; iii) this primary emulsion 
was then mixed with 60 ml of 2% PVA (containing 125 mM 
NaCl) under homogenization at 3000 rpm for 1 min, creating 
a double emulsion; iv) the double emulsion was then added to 
80 ml of 1% PVA (containing 125 mMNaCl), and left for 3 hr 
spinning at 600 rpm thereby creating the microparticles; and 
v) the microparticles were centrifuged (200 g, 5 min, 4°C.), 
washed 4 times in de-ionized water, and lyophilized. 
0176 The rapaMP population was prepared using a single 
emulsion-evaporation technique. Jhunjhunwala et al., 
“Delivery of rapamycin to dendritic cells using degradable 
microparticles' J Control Release (2009) 133:191-197; and 
Eghtesad et al., “Rapamycin ameliorates dystrophic pheno 
type in mdx mouse skeletal muscle Mol Med(2011). Briefly: 
i) 1 mg of rapa (LC labs, Woburn, Mass.) dissolved in DMSO 
was mixed with 4 ml of dichloromethane containing 200 mg 
of PLGA (RG502H); ii) the solution was mixed with 60 ml of 
2% PVA under homogenization at 3000rpm for 1 minthereby 
creating a microparticle emulsion; iii) the microparticle 
emulsion was then added to 80 ml of 1% PVA and left for 3 hr 
spinning at 600 rpm to create the microparticles: and iv) the 
microparticles were centrifuged (200g, 5 min, 4°C.), washed 
4 times in de-ionized water, and lyophilized. 

Example VI 

In Vitro Microparticle Release Assays 
0177 Release assays were conducted by incubating a sus 
pension of particles: (i) 10 mg in 1 ml of media for IL-2MP 
and TGFBMP, and (ii) 10 mg in 1 ml of PBS (containing 0.2% 
Tween-80) for rapaMP, on a roto-shaker at 37°C. At regular 
time intervals, particle Suspensions were centrifuged (250 g, 
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5 min), the Supernatant removed, and the particles re-sus 
pended in 1 ml of appropriate solution. The amount of each 
cytokine in the Supernatant was measured using a cytokine 
specific ELISA (R&D systems, Minneapolis, Minn.), and the 
amount of rapa was measured using spectrophotometry (ab 
sorbance at 278 nm). 

Example VII 

Mouse T Cell Isolation 

(0178 Six-eight week old C57B1/6 (B6) and B6.SJL-Pt 
prea/Boy AiTac (CD45.1) were purchased from Taconic and 
used within two months. All animals were maintained under 
specific pathogen free conditions. Experiments were con 
ducted in accordance with the National Institutes of Health 
Guide for Care and Use for Laboratory Animals and under 
Institutional Animal Care and Use Committee-approved pro 
tocols. 

0179 Spleen and lymph nodes were dissected from B6 or 
CD45.1 mice. Following mechanical digestion, the tissue 
Suspension was passed through a 70 um nylon filter to obtain 
a single cell Suspension of leukocytes. Predominantly naive 
CD4+ T cells (>90% pure) were isolated from this suspension 
with a CD4+ T cell negative isolation kit (Invitrogen, Carls 
bad, Calif.) as per the manufacturer's instructions. These 
purified CD4+ T cells were used in cell culture and suppres 
Sion assays. 

Example VIII 

Induction of Mouse Regulatory T Cells (Treg) 

0180 For Treg cell population induction, naive T cells 
were cultured either in direct contact with "Factor MPs in 
96-well round bottom cell culture plates, or separated from 
“Factor” MPs by permeable transwell inserts (HTS Tran 
swell(R)-96, 0.4 um pore size; Corning, Lowell, Mass.). Dyna 
beads(R mouse T-activator CD3/CD28 beads (Dynabeads(R): 
Invitrogen, Carlsbad, Calif.) were used to activate the T cells 
at a 2:1 (beads:T cells) ratio. Cultures were then maintained 
for at least 4 days. 
0181 For cultures grown in the presence of soluble T cell 
induction factors, the following concentrations of factors 
were used: 10 ng/ml IL-2, 5 ng/ml TGF-B and 10 ng/ml rapa 
(corresponds to a total amount of 2 ng IL-2, 1 ng TGF-B and 
2ng rapa). For cultures grown tin the presence of the “Factor” 
MP populations the following amounts were added to 200 ul 
of cell culture media: i) 2 mg TGFBMP; ii) 0.5 mg IL-2MP; 
and iii) -0.01-0.05 mg rapaMP. 
0182. The phenotypes of the induced T cells was deter 
mined by staining with anti-CD4 (L3T4), anti-FoxP3 (FJK 
16s), anti-CD25 (PC61.5), anti-glucocorticoid-induced 
TNFR-induced protein (GITR; DTA-1), anti-folate recep 
tor-4 (FR4: eBiol2A5) (antibodies from eBiosciences, San 
Diego, Calif.) and anti-cytotoxic T-lymphocyte antigen 4 
(CTLA4: UC10-4B9, from Biolegend, San Diego, Calif.). To 
determine iTreg proliferation, naive T cells were stained with 
carboxyfluorescein diacetate Succinimidyl ester cell tracer 
(CFSE: Invitrogen, Carlsbad, Calif.) prior to activation with 
Dynabeads(R). Stained cells were then analyzed on a BD 
LSRII flow cytometer. 
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Example IX 

Suppression Assays 

0183 Freshly-isolated naive CD4+CD45.1+ T cells were 
stained with CFSE (Invitrogen, as per the manufacturers 
instructions) and co-cultured with iTreg cells generated in 
accordance with Example VIII at different ratios in 96-well 
plates. The number of naive CD4+CD45.1+ cells was kept 
constant at 50,000 cells/well. For stimulation, 50,000 Dyna 
beads(R were used per well. Co-cultures were carried out for 
4 days, after which cells were stained for flow cytometry. 

Example X 

Human T Cell Culture 

0.184 CD4+ T cells were isolated from human PBMC 
using the CD4 negative isolation kit (Miltenyi Biotec, 
Auburn, Calif.). Cells (500,000) were cultured in 0.5 ml of 
media (with serum) in the presence of human T cell activation 
beads (anti-CD2, anti-CD3 and anti-CD28 coated beads, 
Miltenyi Biotec, Auburn, Calif.). Cell culture media was 
supplemented with additional factors or FactorMP at the fol 
lowing concentrations: 500 U/ml recombinant-human IL-2, 
10 ng/ml TGF-B, 2 ng/ml rapa, 8 mg/ml of TGFuMP, and/or 
0.02 mg/ml of rapaMP. Following 4 days of culture, cells 
were collected, stained and Treg induction analyzed by flow 
cytometry. Soluble IL-2 was used in all of these cultures 
instead of IL-2MP, as IL-2MP encapsulated mouserIL-2 and 
not the human protein. 

Example XI 

VIPMP Formulations 

0185 VIP microparticles (VIPMPs) were prepared fol 
lowing calculations using a model guided fabrication proto 
col. Rothstein et al., “A simple model framework for the 
prediction of controlled release from bulk eroding polymer 
matrices' J of Mater. Chem. (2008) 18:1873-1880. The math 
ematical algorithm of the computer model Suggests specific 
polymer ratios to achieve desired release kinetic profiles. 
Separate batches of microparticles were fabricated which 
could then be combined in model-specified ratios to obtain 
complex release behaviors. 
0186 Three batches were comprised of individual PLGA 
polymer molecular weights using 4.2 kDa polymer, RG502H 
PLGA polymer (12.6 kDa), and RG505 polymer (55 kDa). 
Additionally, a fourth batch was fabricated with the 12.6 kDa 
polymer which contained poly(ethylene glycol) (PEG) at 
approximately 4x10 mM in the inner aqueous phase. The 
inner aqueous phases of all VIPMPs comprises approxi 
mately 1250 ug/ml VIP. Unloaded (or “blank”) sets of par 
ticles were also fabricated for each batch. 

Example XII 

VIPMP Release Assays 

0187 Sample of released VIP were collected for each of 
the four batches of VIPMPs made in accordance with 
Example XI. VIP release was also measured for two sets of 
VIPMPs with varying polymer ratios determined by a com 
puter model that predicted a linear and multi-bolus release 
profile, respectively. 
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0188 For the predicted linear release profile VIPMPs, the 
computer model Suggested a microparticle composition com 
prising ratios of 10.6% of the 4.2 kDa polymer, 31.9% of the 
12.6 kDa polymer (without PEG), and 57.5% of the 100 kDa 
polymer. 
(0189 For multi-bolus release profile VIPMPs the com 
puter model Suggested a microparticle composition compris 
ingratios of 33.3% each of the 4.2 kDa, 12.6 kDa (with PEG), 
and 100 kDa polymers. Additionally, six sets of blank micro 
particles for each group were also collected at each time 
point. Release assays in physiological buffered saline (PBS) 
conducted for each set of microparticles. Ten milligrams of 
blank microparticles or VIPMPs and 1 mL of either media or 
PBS were incubated at 37° C. Vials were centrifuged at 2000 
rpm, and 800 uL of Supernatant was removed and saved at 
-80°C., and replaced with fresh PBS for each time point. VIP 
concentration was determined using a VIP EIA kit purchased 
from Phoenix Pharmaceuticals. Samples were diluted up to 
10x. 

Example XIII 

VIP Bioactivity Assays 
0190. Dendritic cells were isolated from murine bone mar 
row and cultured following standard procedures. 
(0191). In the first two experiments, both GM-CSF and IL-4 
were added to DC media (modified RPMI 1640) of bone 
marrow cell cultures during media changes on Days 0, 3 and 
6. In the third experiment, the IL-4 was purposely omitted and 
GM-CSF was added in 5x concentration. On Day 6, CD11c-- 
DC cells were isolated using MACS cell sorting beads and 
plated in a 24-well plate at 100,000 cells/well. Five different 
groups of four wells each were analyzed and received treat 
ment. An immature DC control group did not receive LPS. A 
mature DC control group received only LPS. Three different 
groups were matured with LPS and received different con 
centrations of either soluble VIP or releasates of VIP micro 
particles or blank microparticles (using the 12.6 kDa poly 
mer). Soluble VIP was added to the third group in 
concentration of 2.5x10 M. Ten milligrams of micropar 
ticles were first incubated for 4-6 hours in media and 250 of 
releasates were added to each well. After treatment, the DCs 
were incubated for approximately 18 hours. Prior to the 
CD4+ T cell chemotaxis study, the 24-well plate was centri 
fuge and the media was removed. The cells were then starved 
with 600 ul, PBS+1% BSA and incubated for one hour. 

Example IVX 

CD4+ Cell Isolation and Chemotaxis 

0.192 CD4+ T-cells were isolated from the spleen and 
lymph nodes of a mouse using Dynal(R) beads following a 
standard protocol. Transwells were added to the 24-well plate 
containing the DCs and 100LL of PBS and 1% BSA contain 
ing 500,000 CD4+ cells were added to each transwell and 
incubated for two hours. T Cells that flowed through were 
analyzed for FoxP3+ expression using flow cytometry. 

1. A method, comprising: 
a) providing: 

i) a patient comprising a target tissue and a blood cell 
population, wherein said target tissue exhibits at least 
one symptom of an immunological disease; and 

ii) a plurality of microparticle populations wherein each 
of said microparticle populations comprise a different 
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regulatory T cell inducing factor, and wherein each of 
said microparticle populations releases said different 
regulatory T cell inducing factor with a different 
release profile; 

b) administering said microparticle populations to said 
patient under conditions such that said blood cell popu 
lation is induced; 

c) migrating said induced blood cell population to said 
target tissue; and 

d) reducing said target tissue at least one symptom of said 
immunological disease with said migrated induced 
blood cell population. 

2-5. (canceled) 
6. The method of claim 1, wherein said regulatory T cell 

inducing factor is selected from the group consisting of IL-2, 
vasoactive intestinal peptide, transforming growth factor 
beta, rapamycin and retinoic acid. 

7. The method of claim 1, wherein said blood cell popula 
tion comprises a white blood cell selected from the group 
consisting of a T cell, a regulatory T cell and a B cell. 

8-10. (canceled) 
11. The method of claim 1, wherein each of said plurality of 

microparticle populations comprises a different polymer 
composition predicted by a mathematical algorithm. 

12. The method of claim 11, wherein said different poly 
mer composition determines said different release profile. 

13. The method of claim 11, wherein said different poly 
mer composition comprises a 4.2 kDa polymer, a 12.6 kDa 
polymer and a 55 kDa polymer. 

14. The method of claim 11, wherein said different poly 
mer composition comprises a 4.2 kDa polymer, a 12.6 kDa 
polymer and a 100 kDa polymer. 

15. A microparticle comprising a 4.2 kDa polymer, a 12.6 
kDa polymer and a 100 kDa polymer and a compound. 

16. (canceled) 
17. The microparticle of claim 15, wherein said compound 

is vasoactive intestinal peptide. 
18. The microparticle of claim 15, wherein said micropar 

ticle is comprised of 10.6% of said 4.2 kDa polymer. 
19. The microparticle of claim 15, wherein said micropar 

ticle is comprised of 31.9% of said 12.6 kDa polymer. 
20. The microparticle of claim 15, wherein said micropar 

ticle is comprised of 57.5% of said 100 kDa polymer. 
21. The microparticle of claim 15, wherein said micropar 

ticle further comprises polyethylene glycol. 
22. A microparticle comprising a 4.2 kDa polymer, a 12.6 

kDa polymer and a 55 kDa polymer and a compound. 
23. (canceled) 
24. The microparticle of claim 22, wherein said compound 

is vasoactive intestinal peptide. 
25. The microparticle of claim 22, wherein said micropar 

ticle is comprised of 33.3% of said 4.2 kDa polymer. 
26. The microparticle of claim 22, wherein said micropar 

ticle is comprised of 33.3% of said 12.6 kDa polymer. 
27. The microparticle of claim 22, wherein said micropar 

ticle is comprised of 33.3% of said 55 kDa polymer. 
28. The microparticle of claim 22, wherein said 12.6 kDa 

polymer is an RG502H polymer. 
29. The microparticle of claim 22, wherein said 55 kDA 

polymer is an RG505 polymer. 
30. The microparticle of claim 22, wherein said micropar 

ticle further comprises polyethylene glycol. 
31-36. (canceled) 


