
US 20090035252A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0035252 A1 

Kundig et al. (43) Pub. Date: Feb. 5, 2009 

(54) METHOD OF INDUCING A CTL RESPONSE Which is a continuation-in-part of application No. 
08/988,320, ?led on Dec. 10, 1997, noW abandoned. 

(76) Inventors: Thomas M. Kundig, Zurich (CH); 
John J. L. Simard, Northridge, CA (30) Foreign Application Priority Data 
(Us) 

Jul. 10, 1997 (CA) .................................. .. 2,209,815 

Correspondence Address: . . . . P bl t Cl ? t 
Davis Wright Tremaine LLP/Mankind Corpora- u lea Ion assl ca Ion 

tion (51) Int. Cl. 
505 MONTOGOMERY STREET, STE. 800 A61K 38/20 (2006.01) 
SAN FRANCISCO, CA 94111-6533 (US) A61M 1/00 (2006.01) 

(52) US. Cl. ...................................... .. 424/852; 604/151 
(21) Appl. No.: 11/418,497 

(57) ABSTRACT 

(22) Flled: May 3’ 2006 Disclosed herein are methods for inducing an immunological 
. . CTL response to an antigen by sustained, regular delivery of 

Related U's'Apphcatlon Data the antigen to a mammal so that the antigen reaches the 

(63) Continuation of application No, 11/313,152, ?led on lymphatic system. Antigen is delivered at a level suf?cient to 
Dec. 19, 2005, noW Pat. No. 7,364,729, Which is a 
continuation of application No. 09/776,232, ?led on 
Feb. 2, 2001, noW Pat. No. 6,977,074, Which is a con 
tinuation-in-part of application No. 09/380,534, ?led 
on Sep. 1, 1999, noW Pat. No. 6,994,851, ?led as 
application No. PCT/US98/14289 on Jul. 10, 1998, 

induce an immunologic CTL response in a mammal and the 
level of the antigen in the mammal’s lymphatic system is 
maintained over time su?icient to maintain the immunologic 
CTL response. Also disclosed is an article of manufacture for 
delivering an antigen that induces a CTL response in an 
animal. 
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METHOD OF INDUCINGA CTL RESPONSE 

CROSS REFERENCE 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 11/313,152 ?led Dec. 19, 2005, Which is a 
continuation of US. patent application Ser. No. 09/776,232, 
?led Feb. 2, 2001, now US. Pat. No. 6,977,074, Which is a 
continuation-in-part of US. patent application Ser. No. 
09/380,534, ?led Sep. 1, 1999, now US. Pat. No. 6,994,851, 
Which is a national stage entry of PCT Application No. PCT/ 
US98/14289, ?led Jul. 10, 1998, Which is a continuation-in 
part of US. patent application Ser. No. 08/988,320, ?led Dec. 
10, 1997 and Which claimed priority to Canadian Patent 
Application No. 2,209,815, ?led Jul. 10, 1997, each ofWhich 
is hereby expressly incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to a method of inducing a CTL 
response to an antigen by sustained, regular delivery of the 
antigen to an animal so that the antigen reaches the lymphatic 
system. 

BACKGROUND OF THE INVENTION 

[0003] Cytotoxic T lymphocytes (CTL) are White blood 
cells found in the blood, spleen and lymph. CTL have the 
ability to attack and kill other cells of the body in a highly 
speci?c manner. When CTL are stimulated by speci?c anti 
gen, they migrate through the tissues of the body on a “search 
and destroy” mission for cells bearing the speci?c antigen. 
Whether of viral origin or tumor associated, CTL detect anti 
gen that is bound to major histocompatability complexes 
(MHC) on the surface of potential target cells. Once CTL 
have identi?ed the antigen on the cell surface, their function is 
to deliver a lethal hit to the cell. 

[0004] Although there are hundreds of millions of CTL that 
reside in the spleen, each individual CTL exclusively 
responds to a unique and speci?c antigen. These individual 
CTL, dubbed CTL precursors (CTLp), undergo cell division 
or proliferate upon activation by speci?c antigen to produce 
daughter cells With precisely the same antigen speci?city as 
the parent cell. This proliferation increases the total number, 
and thus the frequency, of that speci?c CTLp in the body. A 
proportion of these neWly generated CTL brie?y recirculate 
through the body (termed effector CTL), and have the ability 
to identify and destroy cells bearing the speci?c antigen 
Which they recognize. A signi?cant body of experimental 
evidence suggests that CTL speci?c for tumor antigens can 
inhibit tumor groWth. Unfortunately, mo st tumors have only a 
very Weak capacity to stimulate CTL responses and there has 
been no means of inducing a CTL response then sustaining it 
over a period of time suf?cient to continuously inhibit tumor 
groWth. While many attempts to directly increase the capacity 
of tumor cells to stimulate tumor-clearing CTL responses in 
patients have been made, such attempts have met With limited 
success. Technical advances over the past ten years have, 
hoWever, enabled the identi?cation of natural peptide anti 
gens that are present on tumor cells and Which are recognized 
by CTL. These antigen targets include proteins expressed in 
signi?cant overabundance, abnormally expressed embryonic 
proteins, protein products from mutated oncogenes or sup 
pressor genes, or proteins derived from cancer-causing 
viruses present in tumor cells. The challenge has been to ?nd 
a Way in Which to administer an antigen so that it induces an 
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antitumor CTL response and maintains it over time. While 
many attempts have noW been made to use these antigens 
clinically in a vaccine, the results have been less than satis 
factory. 
[0005] An explanation of Why CTL therapies have been 
largely ineffective at eradicating or controlling tumors in a 
clinical setting include the folloWing: 
[0006] (a) Vaccine designs have been inadequate at initiat 
ing strong CTL responses; 
[0007] (b) Tumor cells can doWn regulate MHC molecules, 
resulting in the loss of antigen presentation from the surface 
of cells, thereby escaping detection by CTL; 
[0008] (c) After induction, effector CTL recirculation 
through the body is highly transient; 
[0009] (d) After recirculation, CTL return to the spleen 
Where they reside in a nonactive or resting state, and an 
increase in the numbers of CTLp residing in the spleen does 
not re?ect active CTL immunity; 
[0010] (e) In the case of tumors, regroWth of residual tumor 
cells folloWing immunization goes undetected by CTLp 
residing in spleen in a “resting” state; 
[0011] (f) Because CTL-stimulating antigen presenting 
cells (APC are targeted for destruction by the same CTL that 
they have activated, the CTL response is self-limiting, Which 
precludes, under normal circumstances, the continuous 
stimulation for a long-lived CTL response. 
[0012] A groWing repertoire of tumor associated antigens 
are being discovered that are recognized by CTL. A variety of 
techniques have been suggested to render these antigens 
effective in CTL vaccines. These include immunization using 
synthetic peptide antigens mixed With an immuno stimulatory 
adjuvant, such as the bacterial toxin BCG; immunization With 
multiple antigenic peptide systems (MAPS), immunization 
With “professional” antigen presenting cells, Which are iso 
lated from the patient, pulsed With peptide antigen and inocu 
lated back into the patient as a vaccine; immunization With 
peptides designed to stimulate both CTL and T helper cell 
populations; immunization With viruses or bacteria engi 
neered to express tumor antigens; and immunization With 
polynucleotide expression vectors (so called DNA vaccines). 
Unfortunately, none of these approaches has been an unquali 
?ed success, As discussed above, the lack of vigorous thera 
peutic effects With these vaccine platforms re?ects at least to 
some degree problems associated With inducing a strong ini 
tial CTL response and With maintaining ongoing “active” 
CTL immunity. 
[0013] Studies by Glenny during the ?rst quarter of the 
century revealed that aluminum compounds could enhance 
the strength of diphtheria vaccines. This Was ostensibly the 
?rst of a long history of observations supporting a “depot” 
theory of immunization, Which postulates that antigen sloWly 
leaking into the tissues over an extended time correlates With 
the antigenic potency of a vaccine. Today, this antigen depot 
paradigm forms the intellectual backdrop to most adjuvant 
development programs. In one form or another, depot type 
adjuvants are intended to prolong the course of antigen deliv 
ery, by forming a lesion at the site of injection, or simply by 
the sloW degradability of the adjuvant itself, Which mixed 
With the speci?c antigen forms a depot at the site of injection. 
A second function generally attributed to adjuvants are their 
immunostimulatory effects, Which appears to trigger the 
immune system to respond to the vaccine. HoWever, adju 
vants are a double-edged sWord. They have inherent toxici 
ties. But it is a feature of these toxicities that achieves a 
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desired immunostimulatory and/ or depot effect. Side effects 
such as tissue damage and granulomatous reaction at the site 
of injection, fever, and in some cases systemic reactions, such 
as Reiter’s syndrome-like symptoms, uveitis and arthritis, are 
some of the risks associated With the use of adjuvants. Cur 
rently, the only adjuvant approved by the FDA is alum. It is 
relatively safe but does have side effects such as erythema, 
subcutaneous nodules, contact hypersensitivity, and granulo 
matous in?ammation. More importantly, alum only acts to 
potentiate a limited number of antigens, and it very predomi 
nantly stimulates humoral antibody responses rather than 
CTL immunity. Thus so far adjuvants have proved to be very 
ineffective components for vaccines aimed at inducing clini 
cally relevant CTL responses. 

[0014] Recent attempts to induce CTL responses using 
dendritic cells or other antigen presenting cells, despite being 
cumbersome, have shoWn some promise. NeW recombinant 
virus or bacterial systems carrying genes for speci?c antigen 
are effective at inducing primary CTL responses. The most 
effective viruses, for example, that induce strong CTL 
responses are those Which replicate aggressively in the host. 
Yet because of the risk for serious or lethal complications as 
a result of infection, recombinant virus used in a cancer 
vaccine must be only Weakly replicative, or be completely 
replication de?cient. This trade-off betWeen virulence and 
e?icacy is at present an intractable problem. 
[0015] DNA (or polynucleotide) vaccines are also being 
developed for the purpose of inducing CTL immunity. Once 
again, the system has intrinsic limitations that preclude its 
e?icacy in inducing long-lasting CTL immunity. The DNA 
vaccines consist of a plasmid or similar genetic construct for 
expressing the antigen of interest. Uptake of the plasmid 
system by cells of the body results in expression of the antigen 
and induction of CTL. HoWever, once cells expressing the 
construct have succeeded in inducing CTL, they are them 
selves targets for eradication by the CTL. The CTL inducing 
effect is thus again transient. Moreover, the polynucleotide 
vaccines have thus far suffered from poor ef?ciency in terms 
of CTL induction. 

[0016] With di?iculties in achieving strong primary and/or 
persisting CTL responses, there are a number of clinical trial 
groups noW using repeated injections of cancer vaccines. The 
use of antigenically complex materials in the vaccine formu 
lation, such as recombinant virus, or the costs associated With 
repetitive treatment using cultured APC Will, hoWever, make 
such an approach dif?cult. On the one hand, repetitive immu 
niZation With antigenically complex materials drives the 
immune system to elaborate a humoral antibody, as opposed 
to a CTL response, While on the other hand, use of a minimal 
CTL antigen (such as a nonamer peptide) Which does not 
e?iciently drive an antibody response, has also failed to 
induce a CTL response. Attempts to develop adjuvants that 
enhance the immunostimulatory aspects of minimal CTL 
antigens have resulted in the production of materials (i.e. 
adjuvants) that also induce a competing humoral immune 
response, or, Which simply offer little CTL stimulatory effect. 
[0017] It has also been suggested that certain controlled 
release technology using microspheres or liposomes With 
subunit antigens and peptides might be effective to enhance 
immunogenecity. The combination of sustained release and 
depot effect is suggested to reduce the amount of antigen 
needed and eliminate booster shots. HoWever, the preparation 
of such compositions is di?icult and unpredictable, and vac 
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cine formulations based on this technology have not been 
translated into effective clinical treatments. 
[0018] As can be seen from the foregoing, there has been 
little success at developing a CTL vaccine that is both capable 
of inducing a strong CTL response then sustaining that 
response over time. The development of a vaccine With these 
capabilities is essential before effective anti-tumor therapy 
based on CTL immunity can be contemplated. 

OBJECTS OF THE INVENTION 

[0019] An obj ect of this invention is to provide a method for 
inducing or sustaining a speci?c CTL immununological 
response in a mammal over time. 
[0020] Another object of this invention is to provide a 
method for treating a mammal having a malignant tumor or 
infectious disease by inducing and sustaining an immuno 
logical attack on the malignant tumor or infectious disease in 
the mammal. 
[0021] It is a further object of this invention to provide an 
article of manufacture useful for inducing and sustaining a 
speci?c immunological CTL response in a mammal over 
time. 
[0022] It is a further object of this invention to provide an 
article of manufacture useful for treating a mammal having a 
malignant tumor or infectious disease, Which article is 
designed to induce and maintain an immunological attack on 
the malignant tumor or infectious disease in the mammal. 
[0023] It is a further object of this invention to provide a 
portable device for sustained delivery of an antigen to a mam 
mal having a malignant tumor or infectious disease, Where the 
antigen stimulates the mammal’s immune system to attack 
the tumor or infectious disease and the device is located 
outside the mammal. 
[0024] It is still a further object of this invention to provide 
an implantable device for sustained delivery of an antigen to 
a mammal having a malignant tumor or infectious disease, 
Where the antigen stimulates the mammal’s immune system 
to attack the tumor or infectious disease. 

[0025] It is a further object of this invention to provide 
antigen compositions and containers therefor that are useful 
in the methods, devices, and/ or articles of manufacture of this 
invention. 
[0026] Other objects of this invention may be apparent to 
those of skill in the art by reading the folloWing speci?cation 
and claims. 

SUMMARY OF THE INVENTION 

[0027] In one aspect of the invention, a method is provided 
for inducing an immunological CTL response to an antigen 
by sustained, regular delivery of the antigen to a mammal so 
that the antigen reaches the lymphatic system. In particular, 
the antigen is delivered to the mammal at a level su?icient to 
induce an immunologic CTL response in the mammal and the 
level of the antigen in the mammal’s lymphatic system is 
maintained over time su?icient to maintain the immunologic 
CTL response. Preferably, the antigen is delivered directly to 
the mammal’s lymphatic system, such as to the spleen, a 
lymph node or lymph vessel. 
[0028] Also provided is a method of treating an animal 
having a disease, or being predisposed to a disease, to Which 
the animal’s immune system mounts a cell-mediated 
response to a disease-related antigen to attack the disease. In 
this aspect of the invention, a disease-matched antigen is 
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delivered to the animal at a level suf?cient to induce an 
increased CTL-response in the animal Which is then main 
tained in the animal by sustained, regular delivery of the 
disease-matched antigen to the animal for a time su?icient to 
treat the disease. The sustained, regular delivery of the anti 
gen is done in a manner that maintains the level of antigen in 
the animal’s lymphatic system. Preferably, the sustained, 
regular delivery is achieved by pumping a physiologically 
acceptable, composition of the antigen from a device held 
external of or implanted in the animal’s body so that the 
antigen reaches the animal’s lymph system. Optionally, a 
cytokine that is capable of enhancing the CTL response is 
delivered and/ or maintained along With the antigen. Diseases 
addressed in this manner include cancer and pathogenic dis 
eases. 

[0029] In a further aspect of the invention, an article of 
manufacture is provided for delivering an antigen that 
induces a CTL response in an animal. In particular, the article 
comprises a reservoir of a physiologically-acceptable, anti 
gen-containing composition that is capable of inducing a 
CTL response in an animal; a pump connected to the reservoir 
to deliver the composition at a de?ned rate; a transmission 
line to discharge the composition from the reservoir; and, 
optionally, a delivery line connected to the transmission line, 
Which delivery line is of a siZe suitable for positioning in the 
animal and for delivery of the composition in a manner that 
reaches the lymphatic system of the animal. 

[0030] In a further aspect of the invention, a process is 
provided for preparing a system useful for inducing a sus 
tained CTL response in an animal needing such a response, 
Which comprises placing a physiologically-acceptable, anti 
gen-containing composition in a reservoir having a pump for 
delivering the composition at a de?ned rate through a trans 
mission line to the animal. 

[0031] Another aspect of the invention is a method of 
inducing and/ or sustaining an immunological CTL response 
in a mammal by delivering an antigen in the form of a 
polypeptide directly to the lymphatic system of the mammal. 
The antigen can be delivered at a level suf?cient to induce an 
immunologic CTL response in the mammal and the level of 
the antigen in the mammal’s lymphatic system is preferably 
maintained over time su?icient to maintain the immunologic 
CTL response. 

[0032] The antigen can be an 8-10 amino acid peptide. 
Further, the peptide sequence can be derived from a tumor 
associated antigen. Examples of tumor-associated antigens 
include MelanA (MART-I), gp100 (Pmel 17), tyrosinase, 
TRP-l, TRP-2, MAGE-1, MAGE-3, BAGE, GAGE-1, 
GAGE-2, p15(58), CEA, RAGE, NY-ESO (LAGE), SCP-l, 
Hom/MeI-40, PRAME, p53, H-Ras, HER-2/neu, BCR-ABL, 
E2A-PRL, H4-RET, IGH-IGK, MYL-RAR, Epstein Barr 
virus antigens, EBNA, human papillomavirus (HPV) anti 
gens E6 and E7, TSP-180, MAGE-4, MAGE-5, MAGE-6, 
p185erbB2, p180erbB-3, c-met, nm-23H1, PSA, TAG-72-4, 
CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras, [3-Catenin, 
CDK4, Mum-1, p16, TAGE, PSMA, PSCA, CT7, telom 
erase, 43-9F, 5T4, 791Tgp72, alpha-fetoprotein, [3-HCG, 
BCA225, BTAA, CA 125, CA 15-3 (CA 27.29\BCAA), CA 
195, CA 242, CA-50, CAM43, CD68\KP1, CO-029, FGF-5, 
G250, Ga733 (EpCAM), HTgp-175, M344, MA-50, MG7 
Ag, MOV18, NB/70K, NY-CO-l, RCASl, SDCCAG16, 
TA-90 (Mac-2 binding protein\cyclophilin C-associated pro 
tein), TAAL6, TAG72, TLP, TPS, and the like. 
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[0033] The peptide sequence also can be derived from a 
microbial antigen. Further, the antigen can be provided as a 
component of a microorganism or mammalian cell. Examples 
of microorganisms include a protoZoan, a bacterium, a virus, 
and the like; the mammalian cell can be an antigen presenting 
cell, such as, for example, a dendritic cell. 
[0034] The antigen can be a native component of the micro 
organism or mammalian cell. The microorganism or mam 
malian cell can include, for example, an exogenous antigen. 
Also, the microorganism or mammalian cell can include a 
recombinant nucleic acid encoding or promoting expression 
of the antigen. The microorganism or mammalian cell can 
express a tumor-associated antigen, or a microbial antigen 
native to a second microbial species. The antigen can be 
provided as an 8-10 amino acid peptide. 
[0035] The present invention in another aspect includes a 
method of inducing and/ or sustaining an immunological CTL 
response in a mammal by delivering an antigen, in the form of 
a vector that can include a nucleic acid encoding the antigen, 
directly to the lymphatic system of the mammal. The antigen 
can be delivered at a level su?icient to induce an immunologic 
CTL response in the mammal and the level of the antigen in 
the mammal’s lymphatic system is preferably maintained 
over time su?icient to maintain the immunologic CTL 
response. 
[0036] The vector can be a plasmid and the like. The vector 
further can include a bacterium and the like. The bacterium, 
for example, can include Listeria, Shigella, Salmonella, 
Escherichia, and the like. The vector, for example, can be a 
virus, such as, for example, pox viruses, adenoviruses, adeno 
associated viruses, retroviruses, herpesviruses, and the like. 
[0037] The nucleic acid can encode, for example, a tumor 
associated antigen. Examples of tumor-associated antigens 
include MelanA (MART-I), gp100 (Pmel 17), tyrosinase, 
TRP-l, TRP-2, MAGE-1, MAGE-3, BAGE, GAGE-1, 
GAGE-2, p15(58), CEA, RAGE, NY-ESO (LAGE), SCP-l, 
Hom/MeI-40, PRAME, p53, H-Ras, HER-2/neu, BCR-ABL, 
E2A-PRL, H4-RET, IGH-IGK, MYL-RAR, Epstein Barr 
virus antigens, EBNA, human papillomavirus (HPV) anti 
gens E6 and E7, TSP-180, MAGE-4, MAGE-5, MAGE-6, 
p185erbB2, p180erbB-3, c-met, nm-23H1, PSA, TAG-72-4, 
CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras, [3-Catenin, 
CDK4, Mum-1, p16, TAGE, PSMA, PSCA, CT7, telom 
erase, 43-9F, 5T4, 791Tgp72, alpha-fetoprotein, [3-HCG, 
BCA225, BTAA, CA 125, CA 15-3 (CA 27.29\BCAA), CA 
195, CA 242, CA-50, CAM43, CD68\KP1, CO-029, FGF-5, 
G250, Ga733 (EpCAM), HTgp-175, M344, MA-50, MG7 
Ag, MOV18, NB/70K, NY-CO-l, RCASl, SDCCAG16, 
TA-90 (Mac-2 binding protein\cyclophilin C-associated pro 
tein), TAAL6, TAG72, TLP, TPS, and the like. 
[0038] The nucleic acid can encode, for example, a micro 
bial antigen. Examples of microbial antigens include a viral 
antigen, a bacterial antigen, a protoZoal antigen, and the like. 
The nucleic acid can encode, for example, a protein or other 
polypeptide. The nucleic acid also can encode an 8-10 amino 
acid peptide. 
[0039] The nucleic acid can be plasmid DNA in a formu 
lation comprising about 1-10% ethyl alcohol, 0-1% benZyl 
alcohol, 0.25 -0.5 mM EDTA and a citrate-pho sphate buffer of 
pH 7.4-7.8, comprising about 3-50 mM citrate and about 
90-200 mM phosphate. For example, the formulation can 
include 1% ethyl alcohol, 1% benZyl alcohol, 0.5 mM EDTA 
and a citrate-phosphate buffer of pH 7.4 to 7.8 comprising 50 
mM citrate and 100 mM phosphate. 
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[0040] The invention in another aspect provides a method 
of inducing and/ or sustaining an immunological CTL 
response in a mammal by delivering a microorganism or 
mammalian cell directly to the lymphatic system of the mam 
mal. The microorganism or mammalian cell are preferably 
delivered at a level suf?cient to induce an immunologic CTL 
response in the mammal and the level of the microorganism or 
mammalian cell in the mammal’s lymphatic system is pref 
erably maintained over time suf?cient to maintain the immu 
nologic CTL response. 
[0041] A further aspect of the invention is a method of 
inducing and/ or sustaining an immunological CTL response 
in a mammal by delivering a nucleic acid, capable of confer 
ring antigen expression, directly to the lymphatic system of 
the mammal. The nucleic acid can be delivered at a level 
suf?cient to induce an immunologic CTL response in the 
mammal and the level of the nucleic acid in the mammal’s 
lymphatic system is preferably maintained over time su?i 
cient to maintain the immunologic CTL response. 
[0042] A further aspect of the invention is a method of 
inducing and/ or sustaining an immunological CTL response 
in a mammal by delivering a non-peptide antigen directly to 
the lymphatic system of the mammal. The antigen is prefer 
ably delivered at a level suf?cient to induce an immunologic 
CTL response in the mammal and the level of the antigen in 
the mammal’s lymphatic system is preferably maintained 
over time su?icient to maintain the immunologic CTL 
response. 
[0043] The invention also provides an article of manufac 
ture for delivering an antigen that induces a CTL response in 
an animal. In particular, the article can be an external device. 
The article can include a reservoir of a physiologically-ac 
ceptable, antigen-containing composition that can be capable 
of inducing a CTL response in an animal, a pump connected 
to the reservoir to deliver the composition at a de?ned rate, a 
transmission line to discharge the composition from the res 
ervoir; and, a delivery line connected to the transmission line. 
The delivery line can include a catheter of at least 20 mm for 
positioning in the animal and for delivery of the composition 
to the lymphatic system of the animal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] The invention Will noW be described in relation to 
the draWings in Which: 
[0045] FIG. 1 is a graph shoWing the lysis of target cells by 
CTL versus the effector/ target ratio When antigen is delivered 
as a single dose (circles) and When antigen is delivered by a 
continuous pump (triangles). 
[0046] FIG. 2 (A and B) are graphs shoWing the lysis of 
target cells by CTL versus the effector/target ratio When anti 
gen is delivered as a single dose (circles), When antigen is 
delivered by a continuous pump (triangles) and negative con 
trol (squares) at (A) 36 hours and (B) 7 days. 
[0047] FIG. 2C is a graph shoWing the footpad sWelling 
versus time When antigen is delivered as a single dose 
(circles) and When antigen is delivered by a continuous pump 
(triangles). 
[0048] FIG. 3 is a graph shoWing the lysis of target cells by 
CTL versus the dose of the peptide antigen When the antigen 
is delivered subcutaneously, intravenously and intraspleni 
cally. 
[0049] FIG. 4 is a bar graph shoWing tritiated thymidine 
uptake in CTL cells induced by antigen introduced intrave 
nously, intrasplenically and subcutaneously. 
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[0050] FIG. 5 is a rough schematic of a human lymphatic 
system. 
[0051] FIG. 6. Comparison of anti-peptide CTL responses 
folloWing immunization With various doses of DNA by dif 
ferent routes of injection. 
[0052] FIG. 7. Comparison of anamnestic antiviral CTL 
responses folloWing immunization With various doses of 
DNA by different routes of injection. 
[0053] FIG. 8. Protective immunity against systemic and 
peripheral virus infection folloWing intra-lymph node immu 
nization With DNA. LCMV titer in spleen (A) and Vacc-G2 
vaccinia titers in ovary (B) folloWing indicated immunization 
and subsequent viral challenge. 
[0054] FIG. 9. GroWth of transplanted gp33 expressing 
tumor in mice immunized by i.ln. injection of gp33 epitope 
expressing, or control, plasmid. 
[0055] FIG. 10. Amount of plasmid DNA detected by real 
time PCR in injected or draining lymph nodes at various times 
after i.ln. of i.m. injection, respectively. 
[0056] FIG. 11. Average % supercoiled DNA in formula 
tions l-9 over 7 days. 

DETAILED DESCRIPTION OF THE INVENTION 

Method of Treatment 

[0057] One aspect of this invention is a method for inducing 
or sustaining a speci?c immunological response (i.e., a CTL 
response) in an animal that has a disease (or predisposition to 
a disease) in Which the animal’s immune system may attack 
the disease With a natural CTL response. The response and 
diseases are discussed in greater detail hereinafter. The 
method has particular value for treating an animal having a 
malignant tumor in order to inhibit the groWth of the tumor or 
for treating a chronic infectious disease such as hepatitis or 
AIDS. 
[0058] The method, along With other aspects of the inven 
tion, is useful in an animal having an immune system that 
includes a lymphatic system. This generally includes verte 
brates, speci?cally mammals and particularly humans. Thus, 
this invention Will ?nd use in treating humans of all ages as 
Well as in treating animals, i.e. in veterinary uses. The inven 
tion may be used for treating livestock such as cattle, sheep, 
pigs, goats, and the like or for treating household pets such as 
dogs, cats, rabbits, hamsters, mice, rats, and the like. The 
primary use Will be for treating humans that are in need of 
having a speci?c immunological response sustained for treat 
ment of a disease such as cancer or chronic infections. 

[0059] A key aspect of this invention is the delivery of an 
appropriate antigen to the lymphatic system of the animal 
being treated and sustaining the delivery over time. This is 
based in part on the observation that a strong induction and a 
sustained CTL response require ongoing antigenic stimula 
tion of the lymphatic system. In a human, the lymphatic 
system includes lymph, lymphocytes, lymph vessels, lymph 
nodes, tonsils, the spleen, the thymus gland, and bone mar 
roW. The lymphatic system performs three basic functions. 
First, it helps maintain ?uid balance in the tissues. Approxi 
mately 30 L of ?uid pass from the blood capillaries into the 
interstitial spaces each day, Whereas only 27 L pass from the 
interstitial spaces back into the blood capillaries. If the extra 
3 L of interstitial ?uid Were to remain in the interstitial spaces, 
edema Would result, causing tissue damage and eventual 
death. These 3 L of ?uid (i.e. lymph) enter the lymph capil 
laries, then passes through the lymph vessels to return to the 
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blood. Lymph is similar in composition to plasma. In addition 
to Water, lymph contains solutes derived from tWo sources: 
(1) substances in plasma such as ions, nutrients, gases, and 
some proteins pass from blood capillaries into the interstitial 
spaces to become part of the lymph; and (2) substances 
derived from cells Within the tissues such as hormones, 
enzymes, and Waste products are also found in lymph. 
[0060] The lymphatic system’s second basic function is to 
absorb fats and other substances from the digestive tract. 
Special lymph vessels called lacteals are in the lining of the 
small intestine. Fats enter into the lacteals and pass through 
the lymph vessels to the venous circulation. The lymph pass 
ing through these capillaries has a milky appearance because 
of its fat content, and it is called chyle. 
[0061] The third basic function of the lymphatic system is 
to act as part of the body’s defense system. The lymph nodes 
?lter lymph, and the spleen ?lters blood, removing microor 
ganisms and other foreign substances. This third function is 
the function mo st important to this invention in that the anti 
gen must be delivered to the lymph system at a level suf?cient 
to elicit the desired, speci?c immunological response in the 
animal. FIG. 5 is a schematic representation of a human 
lymphatic system shoWing the major lymphatic organs and 
vessels. 
[0062] As hereinbefore mentioned, the present invention 
relates to a method of inducing or sustaining a speci?c immu 
nological response (particularly a CTL response) to an anti 
gen in an animal over time. The method comprises delivering 
the antigen to the animal in a manner that delivers the antigen 
into the lymphatic system of an animal to sustain the desired 
response over time. Generally this is done by establishing a 
mechanism to transfer an antigen from a reservoir to the 
animal’s lymphatic system on a regular basis over time. The 
antigen may be delivered by a variety of methods that target 
intralymphatic presentation, including subcutaneous injec 
tion, direct injection into the lymphatic system by an antigen 
delivery vehicle that is implanted, preferably at or near a 
lymphatic organ, or by an antigen delivery vehicle that is 
external to the animal but contains a means (eg a needle or 
catheter) to deliver the antigen into the lymphatic system. By 
this method one can avoid multiple ongoing injections and 
can also avoid the use of including professional antigen 
presenting cells in the composition held in the reservoir. 
[0063] The method of this invention can be vieWed as 
inducing CTL immune response by providing high continu 
ous local concentrations of antigen, Which otherWise is 
quickly removed and degraded from the body after bolus 
injection. Potent activation of CD8+ T cells requires signaling 
through the T cell receptor (TCR) in a manner that is depen 
dent on both quantitative and qualitative factors. Quantitative 
factors refer to the number of TCRs engaged by peptide 
MHC complexes. Qualitative considerations include the 
duration of engagement of the TCR by peptide-MHC com 
plexes, With speci?c peptide-MFIC complexes. Sustained 
regular deliveries of antigen alloWs optimal conditions to be 
established for inducing CD8+ T cells. 
[0064] The antigen is delivered to the animal so that the 
antigen is present in the animal’s lymphatic system on a 
sustained basis over a period of time. That is to say, it is 
delivered in such a Way that the presence of the antigen is 
maintained over the period of time in the animal’s lymphatic 
system. Thus, the antigen is delivered to the animal on a 
regular basis, ie the antigen is delivered regularly Without 
signi?cant interruption over the period of time. This regular 
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delivery is achieved by the constant delivery of the antigen at 
loW levels directly to the lymphatic system using an external 
device or an implantable device, as discussed hereinafter. 
Alternatively, the antigen can be delivered at higher levels to 
the animal by subcutaneous injection With indirect absorption 
or equilibration With the lymph system. Delivery on a regular 
basis is meant to include intermittent (stopping and transmit 
ting at intervals) as Well as continuous (transmitting Without 
interruption) delivery. In intermittent delivery, the times 
transmission is stopped Will not be enough to reduce the level 
of antigen in the animal’s lymphatic system to eliminate the 
desired speci?c immunological response. Thus, the antigen 
may be delivered in pulses or small doses over time. 

[0065] Preferably, the sustained delivery is achieved by the 
positioning of a means of delivery so that the animal being 
treated does not have to receive multiple injections of the 
antigen, but instead has only one insertion of the means for 
delivery, e. g. an insertion of a catheter or needle for infusion 
of a suitable antigen-containing composition or the surgical 
implantation of an implantable device that releases an appro 
priate, antigen-containing composition on a sustained basis. 
[0066] The period of time over Which the antigen Will be 
released Will be a time su?icient to induce and maintain the 
desired speci?c immunological response, eg to maintain a 
CTL response, and in the case of an animal With a tumor or 
infection, at a level su?icient to stimulate the immune system 
to attack the tumor and inhibit its groWth or to attack the 
infection. Generally, this period of time may vary from a feW 
days, e. g. a Week, to a year or more. Preferably, the treatment, 
i.e. sustained delivery of the antigen, Will extend for at least 
seven days and no more than six months. It has been found 
that the CTL response is induced by administration for at least 
seven days. To determine the period of time, the attending 
physician Will evaluate, i.e., the severity of the condition, the 
strength of the patient, the antigenic response (e.g., the level 
of CD8+ cells measurable in the patient’s system), the pres 
ence of toxic effects, and other factors knoWn to one of skill in 
the art. Ultimately the time for sustained delivery in a cancer 
patient Will be that necessary for improvement in the patient 
as evidenced by reduction in the siZe of the tumor, the rate of 
groWth of the tumor, and/ or the improvement in the overall 
health of the patient being treated. In the treatment of infec 
tious diseases the treatment is continued until the health of the 
patient improves suf?ciently to stop treatment. 
[0067] The underlying immunological rationale for the 
utility of this invention arises from certain immunological 
considerations, The immune system has evolved to protect 
the host from microbial infection. CD4+ T cells together With 
B cells are the main components of the immune system 
humoral effector arm, Which is crucial to eliminate extracel 
lular pathogens or toxins. In contrast, the CD8+ T cell arm of 
the immune system is mainly responsible for eliminating 
intracellular pathogens, i.e. most importantly viruses, either 
via cytokine release or by cytotoxic activity. It is noW emerg 
ing that these most e?icient “killer cells” of the immune 
system Would best serve as the primary effector cells in tumor 
immunotherapy. An object of this invention is to mount a 
disease-speci?c CTL response (CD8+ T cell response) 
against the disease and sustain it over time, e.g., a tumor 
speci?c or microbial speci?c CTL response. 
[0068] CD8+ T cells recogniZe antigenic oligopeptides pre 
sented on HLA class 1 molecules of target cells, e.g., tumor 
cells. The sequences of many HLA-Al and HLA-A2 pre 
sented tumor and pathogen speci?c antigen peptides have 
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recently been characterized. These peptides may be used in 
this invention to induce, e.g., a melanoma-speci?c CD8+ T 
cell response. These peptides are discussed hereinafter. 

[0069] In contrast to viral infection, class 1-binding oli 
gopeptides shoW only loW immunogenicity. Most viruses 
induce peak CD8+ T cell responses around 7-10 days after 
systemic spread. This invention aims at enhancing the immu 
nogenecity of class I binding oligopeptides by sustained, 
regular release of peptide into a lymphatic system and con 
tinued release into the lymphatic system. 
[0070] In contrast to antibody-mediated B cell memory, 
Which is long lived, T cell memory appears to be short lived or 
non-existent. In accordance With this invention, maintenance 
of functional T cell memory depends on persistence of anti 
gen through continued, regular administration of the desired 
antigen. Having made this invention and looking at past con 
cepts that might support this underlying rationale, some evi 
dence includes the observation that delayed type hypersensi 
tivity (DTH) of the tuberculin type (the only functional test 
for T cell memory in humans), can be elicited only in granu 
lomatous disease, such as tuberculosis (tuberculin test), lep 
rosy (lepromin test), brucellosis (brucellin test), sarcoidosis 
(Kveim test), Histoplasmosis (histoplasimin test) etc., but no 
such test could be established for non-granulomatous infec 
tious disease. A factor that all granulomatous diseases have in 
common, is that the antigen persists Within the granulomai 
professional antigen presenting cells can use this reservoir to 
continuously restimulate speci?c T cells in lymphoid organs. 
In mice models (see Example 3) it is demonstrated that main 
tenance of functional CD8+ T cell memory Was strictly 
dependent on continuous antigenic restimulation. 
[0071] To determine Whether a CTL response is obtained in 
an animal being treated in accordance With this invention, one 
measures the level of CD8+ cells (i.e. CTL) present in the 
blood or lymphatic organs such as the spleen or lymph nodes. 
This determination is done by ?rst measuring the level of 
CD8+ cells before performing the method of this invention 
and measuring the level during treatment, e. g. at 7, 10, 20, 40 
days, etc. The level or strength of the CD8+ (CTL) response 
can be assessed in vivo or in vitro. In humans, there exists so 
far only one in vivo test to measure CD8+ T cell responses, 
Which is a skin test. In this skin test, HLA class I binding 
peptides are injected intradermally (such as described in 
Jager, E. et al. Granulocyte-macrophage-colony-stimulating 
Factor Enhances Immune Responses To Melanoma-associ 
ated Peptides in vivo Int. J. Cancer 67, 54-62 (1996)). If a 
CTL response is present, these cells Will recognize and attack 
peptide pulsed dermal cells, causing a local in?ammatory 
reaction either via cytokine release or the cytotoxic mecha 
nism (Kundig, T. M., Althage, A., Hengartner, H. & Zinker 
nagel, R. M. A skin test to assess CD8+ cytotoxic T cell 
activity. Proc. Natl. Acad. Sci. USA 89:7757-776 (1992)). 
This in?ammatory reaction can be quanti?ed by measuring 
the diameter of the local skin rash and/or by measuring the 
diameter of the in?ltrate (i.e., the sWelling reaction). As an 
alternative to the injection of soluble free peptide, the HLA 
class I binding peptide can also be injected intradermally in a 
bound form, e.g., bound to extracorporally derived dendritic 
cells. In other mammals, additional, although experimental, 
in vivo tests to assess CD8+ T cell responses exist. For 
example, in a mouse model, CD8+ T cell responses can be 
measured by challenge infection With a vaccinia recombinant 
virus expressing the peptide used for immunization. While 
na'1've mice succumb to the infection With the vaccina recom 
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binant virus, mice With preexisting CD8+ T cell immunity 
against the peptide epitope expressed by the vaccinia recom 
binant virus, are immune to reinfection. The level of immu 
nity to reinfection can be quanti?ed as the factor of reduction 
of the vaccinia virus titer recovered from mouse organs after 
challenge infection (Bachmann, M. F. & Kundig, T. M. In 
vitro vs. in vivo assays for the assessment of T- and B-cell 
function. Curr. Opin. Immunol. 6, 320-326 (1994)). For 
example, 5 days after challenge infection, a typical vaccinia 
recombinant virus titer recovered from a mouse ovary Would 
be around 107 pfu per ovary, Whereas the vaccinia recombi 
nant virus titer in a mouse With a preexisting CD8+ T cell 
response against the recombinant gene product Would for 
example be around 103 pfu per ovary. Such a 10,000 fold 
reduction in virus titer re?ects biologically signi?cant preex 
isting CD8+ T cell activity against the recombinant gene 
product. 
[0072] The level of CD8+ T cell responses can also be 
quanti?ed in vitro, by estimating the number of CD8+ T cells 
speci?c for the antigenic peptide in question. In a naive mam 
mal the so called “frequency”, i.e., the number of speci?c 
CD8+ T cells divided by the number of non-speci?c White 
blood cells, is less than 10_6. After successful immunization, 
the frequency increases due to proliferation of speci?c T cells. 
During an acute viral infection, for example, the frequency of 
speci?c CD8+ T cells may rise to 10_2. Then, after elimina 
tion of the virus, the frequency of speci?c CD8+ T cells 
usually drops to a “memory” level of around 10_4. Thus, the 
CD8+ T cell response can be quanti?ed by measuring the 
frequency of speci?c CD8+ T cells. The higher the frequency, 
the stronger the response. The classical assays used to mea 
sure the frequency of speci?c CD8+ T cells are based on 
limiting dilution cell culture techniques, as described in detail 
by Kundig, T. M. et al. (On the role of antigen in maintaining 
cytotoxic T cell memory. Proceedings ofthe National Acad 
emy ofSciences ofthe United States ofAmerica 93, 9716 
9723) (1 996)). A novel approach to estimate the frequency of 
speci?c CD8+ T cells is to construct soluble class I MHC (for 
use in mice) or lILA molecules (for use in humans) With a 
peptide bound to their groove, so that the speci?c T cell 
receptors Will bind to these complexes. These complexes can 
be labeled for detection, for example, With a ?uorescent sub 
stance, alloWing for detection by ?oW cytometry. 
[0073] One current procedure to render peptides immuno 
genic is to inject them in context With “nature’s most potent 
adjuvant”, i.e., professional antigen presenting cells (APCs) 
such as dendritic cells (DCs), (Steinmann, R. M., The den 
dritic cells system and its role in immunogenicity, Annual 
Review oflmmunology 9, 271-96 (1991)). DCs are the most 
potent APCs of the immune system. They can noW be cultured 
in vitro by adding granulocyte macrophage colony stimulat 
ing factor (GM-CSF) and tumor necrosis factor alpha (TNF 
alpha) or interleukin-4 (IL-4) to progenitors isolated from the 
blood of patients or mice (Inaba, K. et al., Identi?cation of 
proliferating dendritic cell precursors in mouse blood, Jour 
nal ofExperimenZalMedicine 175, 1157-1167 (1992)). Large 
numbers of DCs can then be pulsed With tumor speci?c anti 
gen peptides and are injected back into the patient, Where they 
migrate into lymphatic organs to induce T cell responses 
(Young, J . W. & Inaba, K., Dendritic Cells As Adjuvants For 
Class I Major Histocompatibility Complex-restricted Anti 
tumor Immunity, Journal of Experimental Medicine 183, 
7-1 1 (1996)). An object of this invention is to circumvent the 
time-consuming, labor intensive procedure of culturing DCs 
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after isolation of DC progenitors and deliver the antigen to the 
lymphatic system free of APCs such as DCs. The method of 
this invention, i.e., the sustained, regular delivery of antigen 
into a lymphatic organ, alloWs suf?ciently high local concen 
trations of antigen inside the lymphatic organ, such that pro 
fessional antigen presenting cells, e.g., dendritic cells, can be 
loaded With peptide in vivo. This can be vieWed as a method 
of loading antigen presenting cells (dendritic cells) in vivo for 
inducing a CTL response. 
[0074] The method of the present invention is clearly 
advantageous over the prior art methods for inducing a CTL 
response against a tumor or virus. For example, the present 
invention does not require repetitive immunizations to effect 
for prolonged anti-tumor immunotherapy. The sustained 
delivery of the antigen maintains the CTL response that could 
ultimately afford a prolonged aggressive posture of CTL 
against tumor cells, more thorough eradication, and protec 
tion against recurrence during the vaccine treatment. In the 
absence of antigen, CTL that have undergone primary acti 
vation soon cease to recirculate through the body, soon ?nd 
ing their Way to the spleen Where they become quiescent. 
Since CTL must immediately deliver a lethal hit, their resi 
dence in the spleen precludes an active role in protection 
against infections or tumor groWth at distant sites in the body. 
The controlled release of antigen recogniZed by CTL in this 
invention circumvents this outcome as antigen delivery is 
maintained. Sustained released antigen delivery to the lym 
phatic system by this invention solves tWo major problems: it 
provides for potent CTL stimulation that takes place in the 
milieu of the lymphoid organ, and it sustains stimulation that 
is necessary to keep CTL active, cytotoxic and recirculating 
through the body. 
[0075] Another fundamental improvement of the present 
method over prior art is that it facilitates the use of inherently 
non-immunogenic peptide antigens for CTL stimulation 
Without the combined use of conventional adjuvants. This is 
very bene?cial as most experimental adjuvants are toxic and 
poorly suited for use in humans. In addition adjuvants stimu 
late the TH2-type humoral immune response that negatively 
affects the CTL response. Further, since conventional adju 
vants are not required, only the minimal antigenic epitope for 
a CTL response is required in the formulation. 
[0076] An additional advantage to the method of the 
present invention, Where it embodies the use of mechanical 
delivery systems, is that the antigen delivery can be stopped if 
any adverse immunological effects are observed, For 
example, in vaccines against melanoma, CTL have been 
induced to attack not only malignant melanocytes but also 
healthy tissue, causing “vitiligo.” The ability to discontinue a 
CTL vaccine at any time is a signi?cant advance in vaccine 
safety. Peptides have a short half-life due to catabolism in the 
liver. Therefore, the stimulation-effect falls soon after cessa 
tion of delivery. 
[0077] As pointed out before, the method of this invention 
has tWo parts: (1) inducing an increased CTL response and (2) 
maintaining the response. The inducing and maintaining may 
be performed using the same device, as discussed hereinafter, 
or the inducing may be done separately, e.g., by a separate 
injection of an antigen then folloWing up With sustained deliv 
ery of the antigen over time to maintain the response. 

Diseases Treated According to the Invention 

[0078] In general, this invention is useful for treating an 
animal having (or being predisposed to) any disease to Which 
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the animal’s immune system mounts a cell-mediated 
response to a disease-related antigen in order to attack the 
disease. Thus, the type of disease may be a malignant tumor 
or a chronic infectious disease caused by a bacterium, virus, 
protoZoan, helminth, or other microbial pathogen that enters 
intracellularly and is attacked, i.e., by the cytotoxic T lym 
phocytes, In addition, the invention is useful for treating an 
animal that may be at risk of developing such diseases. 

Malignant Tumors 

[0079] In a mature animal, a balance usually is maintained 
betWeen cell reneWal and cell death in most organs and tis 
sues. The various types of mature cells in the body have a 
given life span; as these cells die, neW cells are generated by 
the proliferation and differentiation of various types of stem 
cells. Under normal circumstances, the production of neW 
cells is so regulated that the numbers of any particular type of 
cell remain constant. Occasionally, though, cells arise that are 
no longer responsive to normal groWth-control mechanisms. 
These cells give rise to clones of cells that can expand to a 
considerable siZe, producing a tumor, or neoplasm. A tumor 
that is not capable of inde?nite groWth and does not invade the 
healthy surrounding tissue extensively is benign. A tumor that 
continues to groW and becomes progressively invasive is 
malignant; the term cancer refers speci?cally to a malignant 
tumor. In addition to uncontrolled groWth, malignant tumors 
exhibit metastasis; in this process, small clusters of cancerous 
cells dislodge from a tumor, invade the blood or lymphatic 
vessels, and are carried to other tissues, Where they continue 
to proliferate. In this Way a primary tumor at one site can give 
rise to a secondary tumor at another site. The methods, 
devices and articles of manufacture discussed herein are use 
ful for treating animals having malignant tumors. 
[0080] Malignant tumors treated according to this inven 
tion are classi?ed according to the embryonic origin of the 
tissue from Which the tumor is derived. Carcinomas are 
tumors arising from endodermal or ectodermal tissues such as 
skin or the epithelial lining of internal organs and glands. A 
melanoma is a type of carcinoma of the skin for Which this 
invention is particularly useful. Sarcomas, Which arise less 
frequently, are derived from mesodermal connective tissues 
such as bone, fat, and cartilage. The leukemias and lympho 
mas are malignant tumors of hematopoietic cells of the bone 
marroW. Leukemias proliferate as single cells, Whereas lym 
phomas tend to groW as tumor masses. The malignant tumors 
may shoW up at numerous organs or tissues of the body to 
establish a cancer. The types of cancer that can be treated in 
accordance With this invention include the folloWing: blad 
der, brain, breast, cervical, colo-rectal, esophageal, kidney, 
liver, lung, nasopharangeal, pancreatic, prostate, skin, stom 
ach, uterine, and the like. The present invention is not limited 
to the treatment of an existing tumor or infectious disease but 
can also be used to prevent or loWer the risk of developing 
such diseases in an individual, ie., for prophylactic use. 
Potential candidates for prophylactic vaccination include 
individuals With a high risk of developing cancer, i.e., With a 
personal or terminal history of certain types of cancer. 
[0081] The incidence of skin cancer has increased substan 
tially over the last decades. Lifetime analysis indicates that 
around 1/1500 humans born in 1935, 1/600 born in 1960, 1/100 
born in 1990 and a projected l/75 humans born in the year 2000 
Will have melanoma in their lifetime. Surgical excision usu 
ally cures melanoma. HoWever, even small looking lesions 
may have already metastasiZed at the time of diagnosis. The 












































































































































































































































