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(57) ABSTRACT 

The immunogenicity of an antigen is enhanced by increasing 
the speci?c antigen presenting function of dendritic cells 
(DC) in a mammalian host. The host is treated With a DC 
mobilization agent to increase the number of circulating DC 
precursors. The host is then given a local, injection of 
antigen in combination With a DC activating agent. The 
activation step promotes recruitment and maturation of the 
DC, along With antigen-speci?c activation and migration 
from the tissues to lymphoid organs. These DC then effec 
tively interact With, and present processed antigen to, T cells 
that are then able to respond to the antigen. In one aspect of 
the invention, the antigen is a tumor antigen, and is used to 
enhance the host immune response to tumor cells present in 
the body. 
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ADJ UVANT TREATMENT BY IN VIVO 
ACTIVATION OF DENDRITIC CELLS 

[0001] While vaccination protocols have been some of the 
great medical achievements in the last century, there are still 
conditions Where an effective immune response has been 
dif?cult to generate. For example, human tumor immuno 
therapy has met With only limited success. Among the 
reasons for this have been the limited availability of tumor 
associated antigens, and an inability to deliver such antigens 
in a manner that renders them immunogenic. Recent insights 
into the role of dendritic cells (DC) as the pivotal antigen 
presenting cell for initiation of immune responses may 
provide the basis for more effective immune responses, 
particularly Where conventional vaccination is inadequate. 

[0002] The events Whereby cells fragment antigens into 
peptides, and then present these peptides in association With 
products of the major histocompatibility complex, (MHC) 
are termed “antigen presentation”. The MHC is a region of 
highly polymorphic genes Whose products are expressed on 
the surfaces of a variety of cells. T cells recogniZe foreign 
antigens bound to only one speci?c class I or class II MHC 
molecule. The patterns of antigen association With class I or 
class II MHC molecules determine Which T cells are stimu 
lated. 

[0003] T cells do not effectively respond to antigen unless 
the antigen is processed and presented to them by the 
appropriate antigen presenting cells The tWo major 
classes of antigen presenting cells are DC and macrophages. 
DC are uniquely capable of processing and presenting 
antigens to naive T cells. The efficacy of DC in antigen 
presentation is Widely acknowledged, but the clinical use of 
these cells is hampered by the fact that there are very feW in 
any given organ. In human blood, for example, about 1% of 
the White cells are DC. While DC can process foreign 
antigens into peptides that immunologically active T cells 
can recogniZe, the loW numbers of DC makes their thera 
peutic use very difficult. 

[0004] In recent years, the life cycle of DC has been 
elucidated. DC precursors migrate from bone marroW and 
circulate in the blood to speci?c sites in the body Where they 
mature. This traf?cking is directed by expression of chemok 
ine receptors and adhesion molecules. Tissue resident DC 
include Langerhans cells in skin, hepatic DC in the portal 
triads, mucosal DC and lung DC. Upon exposure to antigen 
and activation signals, the DC are activated, and leave 
tissues to migrate via the afferent lymphatics to the T cell 
rich paracortex of the draining lymph nodes. The activated 
DC then secrete chemokines and cytokines involved in T 
cell homing and activation, and present processed antigen to 
T cells. 

[0005] Mature DC have a distinct morphology character 
iZed by the presence of numerous membrane processes. 
These processes can take the form of dendrites, pseudopods 
or veils. DC are also characteriZed by the cell surface 
expression of large amounts of class II MHC antigens and 
the absence of lineage markers, including CD14 (monocyte), 
CD3 (T cell), CD19, 20, 24 (B cell), CD56 (natural killer), 
and CD66b (granulocyte). DC express a variety of adhesion 
and co-stimulatory molecules, e.g. CD80 and CD86, and 
molecules that regulate co-stimulation, such as CD40. The 
phenotype of DC varies With the stage of maturation and 
activation, Where expression of adhesion molecules, MHC 
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antigens and co-stimulatory molecules increases With matu 
ration. Antibodies that preferentially stain mature DC 
include anti-CD83 and CMRF-44. 

[0006] While methods have been described for the in vitro 
manipulation of DC in order to enhance their immunologic 
function, such techniques can be very expensive and labor 
intensive. The ability to enhance DC antigen presentation in 
vivo (ie without in vitro culture) Would be of great clinical 
and experimental bene?t. 

[0007] Relevant Literature 

[0008] Administration of Flt3 ligand to mice in vivo 
results in preferential mobiliZation or release of DC precur 
sors from the bone marroW to the periphery and into 
lymphoid organs, and can increase the number of circulating 
DC 10-30 fold (Maraskovsky et al. (1996) J. Exp. Med. 
184:1953-1962). It has been suggested that these cells can 
then be removed for ex vivo manipulation and priming. 
Pulendran et al. (1997) J. Immun0l.159:2222-2231 describe 
the expansion of DC in animals treated With FL. 

[0009] Hsu et al. (1996) Nat. Med. 2:52-58 describe vac 
cination of patients With B-cell lymphoma using autologous 
DC that had been removed from the patient, pulsed With 
antigen, and reinfused as an autologous vaccine. Young and 
Inaba (1996) J. Exp. Med. 183:7-11 describe the use of DC 
are adjuvants for class I MHC-restricted antitumor immu 
nity. 
[0010] US. Pat. No. 5,994,126, Steinman et al., issued 
Nov. 30, 1999 describes method for in vitro proliferation of 
DC precursors and their use to produce immunogens. US. 
Pat. No. 5,976,546, Laus et al., issued Nov. 2, 1999 
describes immunostimulatory compositions. 

SUMMARY OF THE INVENTION 

[0011] Methods are provided for enhancing the immuno 
genicity of an antigen by increasing the speci?c antigen 
presenting function of DC in a mammalian host. Prior to the 
immuniZation With an antigen, the host is treated With a DC 
mobiliZation agent, e.g. Flt-3 ligand, GM-CSF, G-CSF/Flt3L 
fusion protein, etc. This treatment effectively increases the 
number of circulating DC precursors. The host is then given 
a local, e.g. sub-cutaneous, intramuscular, etc., injection of 
antigen in combination With a DC activating agent, e.g. 
immunostimulatory DNA sequences, IL-1, alpha interferon, 
LPS, endotoxin, CD40L, poly IC, etc. The activation step 
promotes recruitment and maturation of the DC, along With 
antigenspeci?c activation and migration from the tissues to 
lymphoid organs. These DC then effectively interact With, 
and present processed antigen to, T cells that are then able 
to respond to the antigen. The methods of the invention are 
particularly useful in situations Where the host response to 
the antigen is sub-optimal, for example in conditions of 
chronic infection, a lack of immune response to tumor 
antigens, and the like. In one aspect of the invention, the 
antigen is a tumor antigen, and is used to enhance the host 
immune response to tumor cells present in the body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1. ISS activate FL mobiliZed DC in vivo. 

[0013] FIG. 2. ISS increase the immunogenicity of FL 
mobiliZed DC in vivo. 
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[0014] FIG. 3. Studies of the antitumor effect of a treat 
ment combining FL and ISS. 

[0015] FIG. 4. Treatment of preexisting tumors With the 
combination of FL and ISS. 

[0016] FIG. 5. Expansion of circulating blood DC folloW 
ing Flt3L administration. 

[0017] FIG. 6. Flt3L expanded human DC possess an 
immature phenotype. 

[0018] FIG. 7. In vitro induction of CTL With human DC 
mobilized With FL in vivo. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0019] A tWo step protocol is provided for the enhance 
ment of T cell mediated immune responses, in the absence 
of in vitro manipulation of DC. The initial step of the method 
provides for the expansion and mobilization in vivo of DC 
precursors, through administration of a DC mobilizing 
agent. 

[0020] After the host has responded to the DC expansion 
and mobilization, usually from about 3 days to 2 Weeks, 
there is an increased number of DC precursors in the 
peripheral tissues, e.g. skin, muscle, lungs, etc. These cells 
are not yet immunologically mature, but can respond to DC 
activating agents, Which agents include a variety of immu 
nostimulatory compounds. Of particular interest for this 
purpose are immunostimulatory polynucleotide sequences. 
The DC activating agent is preferably delivered directly to 
the peripheral tissues. 

[0021] The antigen of interest is delivered to the peripheral 
tissues along With the DC activating agent, and may be given 
as a combined formulation, or as separate formulations. The 
antigen may be further provided in a booster dose, in 
combination With other adjuvants as knoWn in the art, etc. 

[0022] The activation and antigenic stimulation in the 
peripheral tissues activates the DC precursors to mature into 
functional DC, Which are then able to take-up and process 
the antigen of interest. On maturation, the DC are competent 
to migrate to lymphatic organs, particularly T cell rich 
regions of the lymph nodes, Where T cell activation occurs. 
Therefore, although the administration of antigen and acti 
vating agent is localized, the resulting immune response is 
not limited to that tissue. 

[0023] Conditions of particular interest for use With the 
present methods involve a lack of T cell mediated response 
to antigen, for example chronic viral or bacterial infection, 
a lack of immune response to tumor antigens, and the like. 
In one aspect of the invention, the antigen is a tumor antigen, 
and is used to enhance the host immune response to tumor 
cells present in the body. 

[0024] Mammalian species that may require enhancement 
of T cell mediated immune responses include canines and 
felines; equines; bovines; ovines; etc. and primates, particu 
larly humans. Animal models, particularly small mammals, 
e.g. murine, lagomorpha, etc. may be used for experimental 
investigations. Animal models of interest include those 
involved With the immune response to infection and tumors. 

METHODS 

[0025] It is to be understood that this invention is not 
limited to the particular methodology, protocols, cell lines, 
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animal species or genera, constructs, and reagents described, 
as such may vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to limit the 
scope of the present invention Which Will be limited only by 
the appended claims. 

[0026] As used herein the singular forms “a”, “and”, and 
“the” include plural referents unless the context clearly 
dictates otherWise. Thus, for example, reference to “an 
immunization” includes a plurality of such immunizations 
and reference to “the cell” includes reference to one or more 
cells and equivalents thereof knoWn to those skilled in the 
art, and so forth. All technical and scienti?c terms used 
herein have the same meaning as commonly understood to 
one of ordinary skill in the art to Which this invention 
belongs unless clearly indicated otherWise. 

[0027] DC mobilization agent, as used herein, refers to a 
compound, particularly a naturally occurring protein or 
derivative thereof, that acts on hematopoietic progenitor or 
stem cells to expand and mobilize precursors of DC. During 
mobilization, the DC precursors migrate from their tissue of 
origin, e. g. bone marroW, and move into the peripheral blood 
and peripheral tissues. Some mobilization agents Will act 
broadly on the hematopoietic system, eg GM-CSF, etc. In 
a preferred embodiment, the mobilization agent Will pref 
erentially act to expand DC, eg by using Flt-3 ligand (FL) 
or a fusion molecule containing FL and at least one other 
groWth or differentiation factor (e.g. G-CSF). 

[0028] The dose of mobilizing agent Will be effective to 
substantially increase the number of DC precursors in 
peripheral tissues. The increase in the number of DC pre 
cursors after the mobilization can be quite high, usually by 
at least about 2 fold, more usually by at least about 5 fold, 
and may be as high as a 20 or 75 fold increase. DC 
precursors mobilized by Flt3L typically express CD4, MHC 
class II, CD54, but lack expression of CD80, and may be 
identi?ed by these criteria. 

[0029] The term “dendritic cell” refers to any member of 
a diverse population of morphologically similar cell types 
found in lymphoid or non-lymphoid tissues. These cells are 
characterized by their distinctive morphology, high levels of 
surface MHC-class II expression (Steinman, et al., Ann. Rev. 
Immunol. 9:271 (1991); incorporated herein by reference for 
its description of such cells). 

[0030] The length of time required for expansion and 
mobilization is usually at least about 3 or 4 days, more 
usually at least about 1 Week, and can take about 10 days to 
2 Weeks for optimal expansion. The length of time allotted 
for mobilization and expansion can be predicted based on 
previous trials With the mobilizing agent at a similar dose, or 
may be monitored individually by quantitating the change in 
the number of DC precursors present in the peripheral blood. 

[0031] Various routes and regimens for delivery of the 
mobilization agent may be used, as knoWn and practiced in 
the art. For example, Where the mobilization agent is FL, the 
FL may be administered daily, Where the dose is from about 
1 to 100 mg/kg body Weight, more usually from about 10 to 
about 50 mg/kg body Weight, up to a maximum dose of 
about 1 to 2 mg daily. Administration may be at a localized 
site, eg sub-cutaneous, or systemic, e.g. intraperitoneal, 
intravenous, etc. 
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[0032] Flt3 or Flk2 is a tyrosine kinase receptor structur 
ally related to macrophage colony-stimulating factor (CSF1) 
and to mast cell groWth factor receptor (c-kit). The FL is a 
groWth factor that stimulates the proliferation of certain 
hematopoietic progenitor cells. FL mRNA is Widely 
expressed in human tissues. The genetic sequence of murine 
and human FL is described by Lyman et al. (1993) Cell 75: 
1157-1167; and Lyman et al. (1994) Blood 83: 2795-2801 
(Genbank accession numbers L23636, and U03858, respec 
tively). 
[0033] For use in the subject methods, a native FL or 
modi?cations thereof may be used. The FL sequence may be 
from any mammalian or avian species, eg primate sp., 
particularly humans; rodents, including mice, rats and ham 
sters; rabbits; equines, bovines, canines, felines; etc. Of 
particular interest is the human protein. Generally, for in 
vivo use the FL sequence Will have the same species of 
origin as the animal host. 

[0034] The nucleic acid sequences encoding the human FL 
polypeptides may be accessed from public databases as 
previously cited. Identi?cation of non-human Flt-3 ligands 
is accomplished by conventional screening methods of DNA 
libraries or biological samples for DNA sequences having a 
high degree of similarity to knoWn Flt-3 ligand sequences. 

[0035] The sequence of the FL polypeptide may be altered 
in various Ways knoWn in the art to generate targeted 
changes in sequence. The polypeptide Will usually be sub 
stantially similar to the sequences provided herein, i.e. may 
differ by one more amino acids, but not usually more than 
about ten amino acids. The sequence changes may be 
substitutions, insertions or deletions. Scanning mutations 
that systematically introduce alanine, or other residues, may 
be used to determine key amino acids. Deletions may further 
include larger changes, such as deletions of a domain or 
exon, providing for active peptide fragments of the protein. 
Other modi?cations of interest include epitope tagging, eg 
with the FLAG system, HA, etc. Such alterations may be 
used to alter properties of the protein, by affecting the 
stability, speci?city, etc. 

[0036] The protein may be joined to a Wide variety of 
other oligopeptides or proteins for a variety of purposes. By 
providing for expression of the subject peptides, various 
post-expression modi?cations may be achieved. 

[0037] The FL for use in the subject methods may be 
produced from eukaryotic or prokaryotic cells. Where the 
protein is produced by prokaryotic cells, it may be further 
processed by unfolding, e.g. heat denaturation, DTT reduc 
tion, etc. and may be further refolded, using methods knoWn 
in the art. 

[0038] DC activating agent. FolloWing the expansion and 
mobiliZation step, the host periphery Will have increased 
numbers of DC precursors. These cells are not highly active 
antigen presenting cells, but can be induced to mature into 
APC. The maturation process is stimulated by a combination 
of DC activating agent, and the antigen of interest. 

[0039] The presence of DC precursors in the periphery 
indicates that that the most effective route for delivering the 
activating agent is through a local delivery, particularly 
dermal, sub-cutaneous and intramuscular administration 
(see US. Pat. No. 5,830,877, Carson et al., issued Nov. 3, 
1998). Generally the antigen and the DC activating agent 
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Will be delivered to the same site, and may be co-formulated, 
e.g. mixed together, coadministered, conjugated together, 
etc.; or formulated separately, depending on the require 
ments of the speci?c agents. 

[0040] Anumber of DC activating agents are knoWn in the 
art, including LPS and endotoxins in small doses, alpha 
interferons, interleukin-1 (see Boraschi et al. (1999) 

[0041] Methods 19(1):108-13), modi?ed tumor necrosis 
factor, CD40 ligand, poly IC, etc. Of particular interest is the 
use of immunostimulatory polynucleotide sequences (ISS), 
Which have been shoWn to be highly effective in the acti 
vation of DC, and other antigen presenting cells. The use of 
these sequences is knoWn in the art, for examples see Bauer 
et al. (1999) Immunology 97(4):699-705; Klinman et a. 
(1999) Vaccine 17(1):19-25; Hasan et al. (1999) JImmunol 
Methods 229(1-2):1-22; and others. 

[0042] An “immunostimulatory oligonucleotide” refers to 
an oligonucleotide that contains a cytosine/guanine dinucle 
otide sequence and stimulates maturation and activation of 
DC. An immunostimulatory oligonucleotide of interest may 
be betWeen 2 to 100 base pairs in siZe and typically contain 
a consensus mitogenic CpG motif represented by the for 
mula: 5‘X1X2CGX3X43‘, Where C and G are unmethylated, 
X1, X2, X3 and X4 are nucleotides and a GCG trinucleotide 
sequence is not present at or near the 5‘ and 3‘ termini (see 
US. Pat. No. 6,008,200, Krieg et al., issued Dec. 28, 1999, 
herein incorporated by reference). 
[0043] Preferably the immunostimulatory oligonucle 
otides range betWeen 8 to 40 base pairs in siZe. In addition, 
the immunostimulatory oligonucleotides are preferably sta 
biliZed oligonucleotides, particularly preferred are phospho 
rothioate stabiliZed oligonucleotides. In one embodiment, 
X1 X2 is the dinucleotide GpA. In another embodiment, X3 
X4 is the dinucleotide TpC or TpT. 

[0044] The dose and protocol for delivery of the DC 
activating agent Will vary With the speci?c agent that is 
selected. Typically one or more doses are administered. One 
particular advantage of the use of ISS in the methods of the 
invention is that ISS exert immunomodulatory activity even 
at relatively loW dosages. Although the dosage used Will 
vary depending on the clinical goals to be achieved, a 
suitable dosage range is one Which provides from about 1 Fg 
to about 1,000 Fg or about 10,000 Fg of ISS in a single 
dosage. Alternatively, a target dosage of ISS can be consid 
ered to be about 1-10 FM in a sample of host blood draWn 
Within the ?rst 24-48 hours after administration of ISS. 
Based on current studies, ISS are believed to have little or 
no toxicity at these dosage levels. 

[0045] Concurrent With the administration of a DC acti 
vating agent, antigen is provided in one or more doses. 
Preferably the initial dose of antigen is given at the same site 
as the DC activating agent. Subsequent doses may be given 
at the same or a different site, and may utiliZe other adju 
vants as desired. 

[0046] Antigens of interest include polypeptides and other 
immunogenic biomolecules, Which may be isolated or 
derived from natural sources, produced by recombinant 
methods, etc., as knoWn in the art. Alternatively complex 
antigens may be used, for example cell lysates, virus Which 
may be inactivated, bacterial cells or fractions derived 
therefrom, and the like. 
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[0047] The formulations are useful When used in conjunc 
tion With vaccines such as, but not limited to, those for 
treating chronic bacterial infections, e.g. tuberculosis, etc.; 
chronic viral infections such as those associated With herp 
esvirus, lentivirus and retrovirus, etc. Antigens of interest 
may also include allergens, eg for the conversion of a Th2 
to a Th1 type response. The antigens Which may be incor 
porated into the present formulations include viral, prokary 
otic and eukaryotic antigens, including but not limited to 
antigens derived from bacteria, fungi, protoZoans, parasites 
and tumor cells. 

[0048] Potential tumor antigens for immunotherapy 
include tumor speci?c antigens, e.g. immunoglobulin idio 
types and T cell antigen receptors; oncogenes, such as 
p21/ras, p53, p210/bcr-abl fusion product; etc.; developmen 
tal antigens, e.g. MART-l/Melan A; MAGE-1, MAGE-3; 
GAGE family; telomerase; etc.; viral antigens, e.g. human 
papilloma virus, Epstein Barr virus, etc.; tissue speci?c 
self-antigens, e.g. tyrosinase; gp100; prostatic acid phos 
phatase, prostate speci?c antigen, prostate speci?c mem 
brane antigen; thyroglobulin, ot-fetoprotein; etc.; and over 
expressed self antigens, e.g. her-2/neu; carcinoembryonic 
antigen, muc-1, and the like. 

[0049] Tumor cell derived protein extracts or RNA may be 
used as a source of antigen, in order to provide multiple 
antigens and increase the probability of inducing immunity 
to more than one tumor associated antigen. Although the 
target antigens are initially unde?ned, the immunogen can 
be later identi?ed. 

[0050] As an alternative to injecting antigen along With the 
DC activating agent, endogenous tissues expressing antigen 
can be used as an endogenous source of antigen. For 
example, tumors that express a tumor antigen maybe 
injected With the DC activating agent in conjunction With 
DC expansion to serve as the source to tumor antigen. The 
DC activating agent Would serve to recruit and activated DC 
Within the tumor Where they Would be capable of taking up 
tumor derived antigen. 

[0051] A number of antigens expressed on normal tissues 
as Well as tumors are useful as immunotherapy targets, and 
have been shoWn to stimulate T cell responses When the 
antigens are presented by DC. 

[0052] Antigenic formulations Will typically contain from 
about 0.1 pg to 1000 pg, more preferably 1 pg to 100 pg, of 
the selected antigen. The antigen composition may addition 
ally contain biological buffers, excipients, preservatives, and 
the like. 

[0053] The antigen is administered to the host in the 
manner conventional for the particular immunogen, gener 
ally as a single unit dose of an antigen in buffered saline, 
combined With the adjuvant formulation, Where booster 
doses, typically one to several Weeks later, may additionally 
be delivered enterally or parenterally, e.g., subcutaneously, 
intramuscularly, intradermally, intravenously, intraarterially, 
intraperitoneally, intranasally, orally, etc. Subcutaneous or 
intramuscular injection is, hoWever, preferred. 

EXPERIMENTAL 

[0054] The folloWing examples are put forth so as to 
provide those of ordinary skill in the art With a complete 
disclosure and description of hoW to make and use the 
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subject invention, and are not intended to limit the scope of 
What is regarded as the invention. Efforts have been made to 
insure accuracy With respect to the numbers used (eg 
amounts, temperature, concentrations, etc.) but some experi 
mental errors and deviations should be alloWed for. Unless 
otherWise indicated, parts are parts by Weight, molecular 
Weight is Weight average molecular Weight, temperature is 
in degrees centigrade; and pressure is at or near atmospheric. 

EXAMPLE 1 

[0055] In animal studies, it Was found that immunostimu 
latory nucleic acid sequences Were are to activate dendritic 
cell precursors that had been mobiliZed in vivo. The results 
are shoWn in FIG. 1. Mice received 9 days of FL folloWed 
by 1 s.c injection of ISS, ODN or PBS 4 days later DC Were 
collected from the LN and analyZed by How cytometry. (A) 
DC Were de?ned as MHC class II positive and CD11c 
positive cells. Mature DC are distinguished from immature 
DC by their high surface expression levels of MHC class II, 
CD86, CD40, and CD62L. The ratio of mature vs. immature 
DC Were calculated for each group of mice. (B) The mean 
channel ?uorescence range of mature vs. immature DC is 
demonstrated. 

[0056] The treatment also increased the immunogenicity 
of FL mobiliZed DC in vivo. In order to analyZe the 
immunogenicity induced by the association of ISS and FL, 
FL treated mice Were injected so with ISS, ODN or PBS 
mixed With ovalbumin into the foot pad. The draining LN 
Were collected 1 Week later and T cells Were tested for their 
ability to proliferate in presence of antigen. As shoWn in 
FIG. 2, ISS dramatically increases T cell priming. 

[0057] To determine Whether the combined treatment of 
FL+ISS Would be able to vaccinate against syngeneic 
tumors, mice Were injected ip With FL for 10 day period. 
Groups of mice received FL alone or 1 so injection of ISS 
or ODN in association With FL. All the groups Were immu 
niZed With ovalbumin. One Week later the mice Were 
injected so with tumor cells from B16 melanoma trans 
duced With ovalbumin gene. The group treated With FL+ISS 
did not develop any tumors While the other groups devel 
oped tumors at different time points. The ISS dramatically 
increased the antitumor effect of FL, and ODN did not 
induce any antitumor response. 6 Weeks after the ?rst 
immuniZation the mice Were challenged With the same 
tumor cells. Only one out of 5 mice treated With FL+ISS 
developed small tumors, While the other 4 mice did not 
develop any tumors and survived a greater than 60 days after 
folloW-up. The data is shoWn in FIG. 3. 

[0058] Preexisting tumors could also be treated With the 
combination of FL and ISS. To determine Whether combined 
treatment of FL+ISS Would be able to vaccinate animals 
bearing tumor, mice Were initially injected so with B16 
melanoma transduced With ovalbumin gene. 5 days later, 
mice started on 10 daily injections of FL ip. On the ?nal day 
of FL treatment, mice Were immuniZed With ovalbumin With 
or Without ISS. By six Weeks folloWing tumor challenge, all 
control mice had developed tumors, While only 40% of the 
mice in the FL+ISS group developed tumors, shoWn in FIG. 
4. 

[0059] Clinical studies Were also performed to determine 
the effect of the activation methods in human patients. It Was 
shoWn that administration of FL to patients With advanced 
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cancer mobilizes DC precursors into the blood, resulting in 
an increase of circulating DC of 20 fold on average. 

[0060] An expansion of circulating blood DC Was found 
folloWing FIt3L administration. PBMC from patients With 
advanced cancer Were assessed either before or folloWing 10 
days of Flt3L administration. DC Were characteriZed phe 
notypically by expression of HLA DR Without expression of 
lineage markers (CD3, 14, 19, 56). Patients developed a 
signi?cant increase in circulating blood DC precursors as 
assessed by How cytometry, shoWn in FIG. 5. 

[0061] The Flt3L expanded human DC possessed an 
immature phenotype, shoWn in FIG. 6. DC Were gated on 
their expression of HLA DR and lack of lineage markers 
CD3, 14, 19, 56. Flt3L expanded DC express intermediate 
levels of CD4 and CD54 more homogeneously by compari 
son With unmobiliZed DC. Flt3L expanded DC, hoWever, 
lack surface expression of CD86 and CD40 compared With 
unmobiliZed DC. Results are from one patient and are 
representative of three patients studied. 

[0062] These in vivo mobiliZed cells Were shoWn to be 
capable of inducing CTL in vitro. To assess the ability of FL 
mobiliZed DC to prime CD8 cytotoxic T lymphocytes (CTL) 
in vitro, DC precursors Were puri?ed With immunomagnetic 
beads folloWing FL mobiliZation in vivo. Puri?ed DC Were 
then cultured overnight With the target peptide Cap-1D alone 
or in the presence of activating agents 155, adenovirus 
(Adeno), or CD40L. Puri?ed DC Were then irradiated and 
cultured With puri?ed autologous CD8 T cells. Subsequent 
CTL cultures Where then assess by 4 hour 51Cr release assay 
for their ability to kill target cell line T2 With or Without the 
target peptide Cap-1D. Induction of antigen speci?c CTL 
Were only seen in CTL cultures using 155 activated DC as 
the stimulating antigen presenting cell, shoWn in FIG. 7. 

[0063] It is apparent from the above results that an effec 
tive stimulation of immune response can be gained by 
mobiliZing dendritic cell precursors, folloWing by activation 
and antigenic stimulation. The methods result in a tumor 
speci?c immune response against neW, and pre-existing 
tumors. 

[0064] All publications and patent applications cited in 
this speci?cation are herein incorporated by reference as if 
each individual publication or patent application Were spe 
ci?cally and individually indicated to be incorporated by 
reference. 

[0065] Although the foregoing invention has been 
described in some detail by Way of illustration and example 
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for purposes of clarity of understanding, it Will be readily 
apparent to those of ordinary skill in the art in light of the 
teachings of this invention that certain changes and modi 
?cations may be made thereto Without departing from the 
spirit or scope of the appended claims. 

What is claimed is: 
1. A method of increasing the immune response in a 

mammalian host to a target antigen, the method comprising: 

administering a dose of a DC mobiliZation agent effective 
to substantially increase the number of DC precursors 
present in the periphery of said host; 

administering a dose of a DC activation agent effective to 
induce maturation of said DC precursors in combina 
tion With said target antigen. 

2. The method of claim 1, Wherein said DC mobiliZation 
agent is Flt-3 ligand. 

3. The method of claim 2, Wherein said dose is effective 
in increasing the number of DC precursors in the periphery 
by at least 2 fold. 

4. The method of claim 3, Wherein said increased number 
of DC precursors is seen after one Week. 

5. The method of claim 1, Wherein said DC activating 
agent is administered after the number of DC precursors has 
increased at least about 5 fold. 

6. The method of claim 1, Wherein said DC activating 
agent is an immunostimulatory polynucleotide. 

7. The method of claim 1, Wherein said DC activating 
agent is administered at a peripheral site. 

8. The method of claim 7, Wherein said administration is 
sub-cutaneous. 

9. The method of claim 8, Wherein said antigen and said 
DC activating agent are co-formulated. 

10. The method of claim 8, Wherein said antigen and said 
DC activating agent are separately formulated. 

11. The method of claim 1, Wherein said target antigen is 
a tumor antigen. 

12. The method of claim 1, Wherein said target antigen is 
a bacterial antigen. 

13. The method of claim 1, Wherein said target antigen is 
a viral antigen. 

14. The method of claim 1, Wherein said target antigen is 
in the form of peptides, protein, or nucleic acids encoding 
peptides or proteins. 

15. The method of claim 1, Wherein said mammalian host 
is a human. 


