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(57) ABSTRACT 

Transcutaneous immunization can deliver antigen to the 
immune system through the stratum corneum Without physi 
cal or chemical penetration to the dermis layer of the skin. 
This delivery system induces an antigen-speci?c immune 
response Without the use of a heterologous adjuvant. 
Although perforation of intact skin is not required, super? 
cial penetration or micropenetration of the skin can act as an 
enhancer; similarly, hydration may enhance the immune 
response. This system can induce antigen-speci?c immune 
effectors after epicutaneous application of a formulation 
containing one or more antigens. The formulation may 
initiate processes such as antigen uptake, processing, and 
presentation; Langerhans cell activation, migration from the 
skin to other immune organs, and differentiation to mature 
dendritic cells; contacting antigen With lymphocytes bearing 
cognate antigen receptors on the cell surface and their 
stimulation; and combinations thereof. Systemic and/or 
regional immunity may be induced. Immune responses that 
provide prophylactic and/or therapeutic treatments are pre 
ferred. Antigenic activities in the formulation may be found 
in the same molecule, tWo or more different molecules 
dissociated from each other, or multiple molecules in a 
complex formed by covalent or non-covalent bonds. For 
antigens Which are proteinaceous, they may be provided in 
the formulation as a polynucleotide for transcutaneous 
genetic immunization. Besides simple application of a dry or 
liquid formulation to the skin, patches and other medical 
devices may be used to deliver antigen for immunization. 
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TRANSCUTANEOUS IMMUNIZATION WITHOUT 
HETEROLOGOUS ADJ UVANT 

DESCRIPTION OF RELATED APPLICATIONS 

[0001] This application is a continuation in-part of US. 
appln. Ser. No. 08/896,085 (?led Jul. 17, 1997 and pending); 
US. application Ser. No. 09/157,395 (?led Sep. 21, 1998 
and pending) Which is a divisional of US. application Ser. 
No. 08/749,164 (?led Nov. 14, 1996, now US. Pat. No. 
5,910,306); US. application Ser. No. 09/257,188 (?led Feb. 
25, 1999 and pending); US. application Ser. No. 09/309,881 
(?led May 11, 1999 and pending); and US. application Ser. 
No. 09/311,720 (?led May 14, 1999 and pending) Which is 
a continuation in-part of PCT/US97/21324 (?led Nov. 14, 
1997 designating the U.S., noW abandoned). 

[0002] This application also claims priority bene?t from 
provisional U.S. Appln. No. 60/090,169 (?led Jun. 22, 1998) 
and US. Appln. No. 60/128,370 (?led Apr. 8, 1999). 

[0003] All patent applications cited herein, as Well as 
patents issued therefrom, are incorporated by reference in 
their entirety. 

BACKGROUND OF THE INVENTION 

[0004] 1. Field of the Invention 

[0005] The invention relates to human and animal health 
and, in particular, vaccines and their use to immuniZe 
humans and animals through an epicutaneous route of 
administration. Monovalent and multivalent vaccines With 
one or more immunogenic epitopes are provided Which are 
capable of inducing an immune response When administered 
epicutaneously Without addition of a separate adjuvant (i.e., 
a heterologous adjuvant). 

[0006] 2. Description of the Related Art 

[0007] Skin, the largest human organ, is an important part 
of the body’s defense against invasion by infectious agents 
and contact With noxious substances (see Bos, 1997a). The 
skin, hoWever, may also be a target of chronic infections 
Where organisms establish their presence through avoidance 
of the immune system. 

[0008] The skin is composed of three layers: the epider 
mis, the dermis, and subcutaneous fat. The epidermis is 
composed of the basal, the spinous, the granular, and the 
comi?ed layers; the stratum corneum comprises the comi 
?ed layer and lipid (Moschella and Hurley, 1992). The 
principal antigen presenting cells of the skin, Langerhans 
cells, are reported to be in the mid to upper spinous layers 
of the epidermis in humans. The dermis contains primarily 
connective tissue. Blood vessels and lymphatics are believed 
to be con?ned to the dermis and subcutaneous fat. 

[0009] The stratum corneum, a layer of dead skin cells and 
lipids, has traditionally been vieWed as a barrier to the 
hostile World, excluding organisms and noxious substances 
from the viable cells beloW the stratum corneum (Bos, 
1997a). The secondary protection provided by skin antigen 
presenting cells such as Langerhans cells has only recently 
been recogniZed (CelluZZi and Falo, 1997). Moreover, the 
ability to immuniZe through the skin using the crucial 
concept of a skin-active adjuvant has only been recently 
described (Glenn et al., 1998a). Scienti?c recognition of this 
important advance in vaccination Was prompt. “It’s a very 
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surprising result, and it’s lovely,” said vaccine expert Barry 
Bloom of the HoWard Hughes Medical Institute and the 
Albert Einstein College of Medicine in NeW York, the 
strategy sounds “very easy, very safe, and certainly inex 
pensive” (CNN NeWs, Feb. 26, 1998). 
[0010] Vibrio cholera secretes cholera toxin (CT) and 
enterotoxogenic E. coli (ETEC) secretes heat-labile entero 
toxin These homologous proteins cause intestinal ?uid 
secretion and massive diarrhea (Spangler, 1992), and are 
vieWed as dangerous toxins. 

[0011] Vibrio cholera and cholera toxin (CT) derived 
therefrom are examples of infectious agents and noxious 
bacterial products, respectively, Which one Would have 
expected the skin to protect against. Craig (1965) reported 
that stool ?ltrates of cholera patients injected intracutane 
ously into rabbits or guinea pigs produced a characteristic 
delayed onset, sustained edematous induration (i.e., sWell 
ing) Which Was induced by the presence of toxin in the skin. 
The sWelling and vascular leakage Was so dramatic that it 
Was ascribed to an unknoWn permeability factor Which Was 
later shoWn to be CT itself. The Craig test became a standard 
assay for the presence and amount of CT in stool ?ltrates and 
culture media. Datta con?rmed that this skin reactivity Was 
due to cholera toxin (see Finkelstein and LoSpallutto, 1969). 
Thus, one could have reasonably expected that CT Would be 
extremely reactogenic When placed on the skin or inserted 
through the stratum corneum, and Would cause similar 
redness and sWelling. 

[0012] Craig (1965) cautioned, “The absence of skin 
lesions in clinical cholera certainly does not preclude the 
possibility that the noxa responsible for gut damage could 
also have a deleterious effect upon the skin provided it is 
applied to skin in sufficient concentration.” The extreme 
reactogenicity of cholera toxin in the skin Was used as a test 
for its toxicity and such prior art evidenced an expectation 
that cholera toxin Would be reactogenic if applied to the 
skin, producing an undesirable reaction. 

[0013] In contrast, We have shoWn cholera toxin to be 
immunogenic, acting as both antigen and adjuvant, When 
placed on the skin but Without any resulting local or sys 
temic side effects. This lack of reactogenicity When cholera 
toxin Was placed on the skin for transcutaneous immuniZa 
tion Was surprising and contradicted conclusions one Would 
have draWn from the prior art. A liquid formulation of CT 
placed on the skin acted as a non-toxic, non-reactogenic 
adjuvant, in contrast to the expectations of Craig, While 
injection of CT into the skin results in sWelling and redness. 
Thus, it Was not obvious prior to our invention that cholera 
toxin or other ADP-ribosylating exotoxins Would be useful 
for transcutaneous immuniZation. See our US. application 
Ser. Nos. 08/896,085 and 09/311,720; US. Pat. No. 5,910, 
306. 

[0014] This expection that cholera toxin or other adjuvants 
Would be highly reactogenic When placed on the skin Was 
further supported by ?ndings using the prototypical adju 
vant, Freund’s adjuvant. Kleinau et al. (1994) found that 
topical administration of incomplete Freund’s adjuvant on 
the skin of rats induced arthritis as evidenced clinically and 
by proliferation of the joint lining, in?ammatory in?ltrates, 
and bone and cartilage destruction. They further stated, 
“This investigation has focused on the arthritogenic role of 
mineral oil, a prototype for an immunological adjuvant. It is 
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plausible, however, that a number of other compounds With 
adjuvant properties may also have the same effect When 
applied percutaneously (sic).” In contrast to this suggestion, 
We have used a Water-in-oil emulsion of a skin-active 
adjuvant (LT) and found that it safely induced an immune 
response Without any systemic effects. See our US. appln. 
Ser. Nos. 08/896,085 and 09/311,720. Thus, it Would have 
been expected that transcu-taneous application of adjuvant, 
and especially an adjuvant in an emulsion, Would have 
produced arthritis from this animal model. Our ?ndings, 
hoWever, unexpectedly shoWed that such formulations are 
devoid of reactogenicity. 

[0015] Transcutaneous immuniZation requires both pas 
sage of an antigen through the outer barriers of the skin, 
Which Was thought to be impervious to such passage, and an 
immune response to the antigen. Fisher’s ContactDennatitis 
states that molecules of greater than 500 daltons cannot 
normally pass through the skin. Moreover, according to 
Hurley, “Skin oWes its durability to the dermis, but its 
chemical impermeability resides in the epidermis and almost 
exclusively in its dead outer layer, the stratum corneum.” 
Skin reactions such as allergic or atopic dermatitis are 
knoWn, but induction of a systemic immune response Which 
elicits antigen-speci?c immune effectors and provides a 
therapeutic advantage by simple application of immunogen 
to skin does not appear to have been taught or suggested 
prior to our invention. 

[0016] Generally skin antigen presenting cells (APCs), 
and particularly Langerhans cells, are targets of sensitiZation 
agents Which result in pathologies that include contact 
dermatitis, atopic dermnatitis, ecZema, and psoriasis. Con 
tact dermatitis may be directed by Langerhans cells Which 
phagocytiZe antigen, migrate to the lymph nodes, present 
antigen, and sensitiZe T cells for the intense destructive 
cellular response that occurs at the affected skin site (Kripke 
et al., 1990). An example of atopic dermatitis is a chronic 
relapsing in?ammatory skin disease associated With coloni 
Zation of the skin With S. aureus and thought to be caused by 
S. aureus-derived superantigens that trigger chronic T-cell 
mediated skin in?ammation through Langerhans cells (HerZ 
et al., 1998; Leung, 1995; Saloga et al., 1996a). Atopic 
dermatitis may utiliZe the Langerhans cells in a similar 
fashion to contact dermatitis, but is identi?ed by its in?am 
matory skin manifestations and the presence of Th2 cells as 
Well as being generally associated With high levels of IgE 
antibody (Wang et al., 1996a). 

[0017] In contrast, transcutaneous immuniZation With 
cholera toxin or related ADP-ribosylating exotoxins resulted 
in a novel immune response With an absence of post 
immuniZation skin ?ndings, high levels of antigen-speci?c 
IgG antibody, the presence of all IgG subclass antibodies, 
and the absence of antigen-speci?c IgE antibody. See our 
US. application Ser. Nos. 08/896,085 and 09/311,720; US. 
Pat. No. 5,910,306. 

[0018] There is a report by Paul et al. (1995) of induction 
of complement-mediated lysis of antigen-sensitized lipo 
somes using transferosomes. The transferosomes Were used 
as a vehicle for antigen, and complement-mediated lysis of 
antigen-sensitized liposomes Was assayed. The limit to pas 
sage through the skin by antigen Was stated to be 750 
daltons. Furthermore, Paul and Cevc (1995) stated that it is 
“impossible to immuniZe epicutaneously With simple pep 
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tide or protein solutions.” Thus, transcutaneous immuniZa 
tion as described herein Would not be expected to occur 
according to this group. 

[0019] Besides the physical restriction of limiting passage 
through the skin of loW molecular Weight, passage of 
polypeptides Was believed to be limited by chemical restric 
tions. Carson et al. (US. Pat. No. 5,679,647) stated that “it 
is believed that the bioavailability of peptides folloWing 
transdermal or mucosal transmission is limited by the rela 
tively high concentration of proteases in these tissues. Yet 
unfortunately, reliable means of delivering peptides . . . by 

transdermal or mucosal transmission of genes encoding for 
them has been unavailable.” 

[0020] In contrast to transcutaneous immuniZation, trans 
dermal drug therapy has been understood to target the 
vasculature found in the dermis. For example, Moschetta 
(1996) states, “The advantages of transdermal therapy over 
conventional oral administration include: 1. Avoidance of 
‘peak and trough’ plasma concentration pro?les. 2. Avoid 
ance of ?rst-pass metabolism in the gastrointestinal tract and 
liver” (emphasis added). Thus, in the realm of drug delivery, 
the meaning of transdermal is to pass through the epidermis 
and into the dermis or loWer layers to achieve adsorbtion 
into the vasculature. 

[0021] In many cases, effective immuniZation that leads to 
protection requires help in the form of adjuvants for the 
co-administered antigen or plasmid and, therefore, protec 
tive immune responses might require the use of an adjuvant 
to enhance the immune response (Stoute et al., 1997; Sasaki 
et al., 1998). In our US. application Ser. No. 09/311,720, a 
skin-active adjuvant Was required to induce high levels of 
systemic and mucosal antibodies to co-administered anti 
gens. For example, mice immuniZed With CT+DT induced 
high levels of systemic and mucosal anti-DT antibodies. 
Antibodies are knoWn to correlate With protection against 
diphtheria. Thus, the skin-active adjuvant for transcutaneous 
immuniZation can be expected to provide ‘help’ in the 
immune response to co-administered antigen and to play a 
critical role in inducing a useful immune response. 

[0022] Such references explain Why our successful use of 
a molecule like cholera toxin (Which is 85,000 daltons) as an 
antigen-adjuvant in immuniZation Was greeted With enthu 
siasm and surprise by the art because such large molecules 
Were not expected to pass through the skin and, therefore, 
Would not have been expected to induce a strong, speci?c 
immune response. 

[0023] Our US. application Ser. Nos. 08/749,164 (now 
US. Pat. No. 5,910,164), Ser. Nos. 08/896,085, and 09/311, 
720 shoW that using a Wide variety of ADP-ribosylating 
exotoxins such as, for example, cholera toxin (CT), heat 
labile enterotoxin from E. coli (LT), Pseudomonas exotoxin 
A (ETA), and pertussis toxin (PT), can elicit a vigorous 
immune response to epicutaneous application Which is 
highly reproducible. Moreover, When such skin-active adju 
vants Were applied along With a separate antigen (e.g., 
bovine serum albumin or diphtheria toxoid), systemic and 
mucosal antigen-speci?c immune responses could be elic 
ited. 

[0024] Thus bovine serum albumin (BSA), not highly 
immunogenic by itself When epicutaneously applied to the 
skin, can induce a strong immune response When placed on 
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the skin With CT. The Langerhans cell population underlying 
the site of application are a preferred antigen presenting cell 
(APC) for activation, differentiation, and delivering antigen 
to the immune system. Adjuvant may act on the APC 
directly, or through cognate lymphocytes speci?cally rec 
ogniZing antigen. The induction of mucosal immunity and 
immunoprotection With the present invention Would not 
have been eXpected by the art prior to the cited disclosures. 

[0025] Furthermore, our US. application Ser. Nos. 
09/257,188, 60/128,370, and 09/309,881 disclose penetra 
tion enhancers (e.g., removal of super?cial layers above the 
dermis, micropenetration to above the dermis), dry formu 
lations, and targeting of compleXed antigen in the conteXt of 
transcutaneous immuniZation, respectively. 

SUMMARY OF THE INVENTION 

[0026] An object of the invention is to provide an 
improved system for immuniZation of an organism in need 
of such treatment. Transcutaneous immuniZation can 
involve simple epicutaneous application of a formulation 
comprised of at least one antigen, polynucleotide encoding 
antigen, both antigen and polynucleotide, or combinations of 
more than one different antigens and/or polynucleotides to 
induce an immune response speci?c for that antigen. The 
antigen may have at least one epitope Which is immunogenic 
enough to induce an immune response Without the need for 
an adjuvant, or the antigen or polynucleotide encoding 
antigen may include a non-heterologous portion With adju 
vant activity. 

[0027] The immune response can be enhanced by hydra 
tion of the site Where the formulation is applied, super?cial 
penetration or micropenetration at that site, use of liquid or 
dry formulations, formation of complexes betWeen or 
among components of the formulation to target at least one 
active component of the formulation to an antigen present 
ing cell, or the addition of other physical manipulations 
during immuniZation or chemical additives to the formula 
tion. But such enhancement is not necessarily required to 
evoke a useful antigen-speci?c immune response, just as use 
of heterologous adjuvant is not necessarily required. 

[0028] This delivery system provides simple application 
of a formulation comprised of at least one antigen, or of at 
least one polynucleotide encoding antigen, to intact skin of 
an organism Which induces at least a speci?c response 
against the antigen by the organism’s immune system. The 
only required active ingredient in such a formulation is the 
antigen or the polynucleotide encoding antigen. Thus, an 
antigen-only formulation may be used for transcutaneous 
immuniZation (e.g., in?uenZa hemagglutinin or nucleopro 
tein, bacterial ADP-ribosylating eXotoXins or toXoid, and 
lipopolysaccharides). 
[0029] Addition of an endosomolytic agent (e.g., hemag 
glutinin or a fusogenic fragment thereof) to disrupt the 
endosome-lysosome pathWay of cellular transport, a virus 
(e.g., an adenovirus or components thereof) Which uses that 
pathWay for infection, or a chemical transfection agent (e.g., 
polyethyleneimine) is preferred. Without being committed 
to any particular mechanism of action, this may affect the 
transport pathWay of an antigen presenting cell (APC) to 
achieve an increase in activation of the APC and/or antigen 
presentation by the APC. Such an improvement may provide 
an immunologic bene?t to the organism in need of treatment 
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as compared to transcutaneous immuniZation Without lysis 
of at least some endosomes or lysosomes. The endoso 
molytic agent may be added in a compleX With antigen 
and/or polynucleotide in the formulation. 

[0030] It is a particular object of the invention for trans 
cutaneous immuniZation to provide a protective immune 
response for prophylactic or therapeutic treatment. Such 
responses include vaccination that protects against subse 
quent antigenic challenge or pathogenic infection, or a 
reduction in the number and/or severity of symptoms that 
are associated With a disease or other pathologic disorder. 

[0031] In particular, the invention may promote contact 
betWeen antigen and immune cells. For eXample, contacting 
antigen presenting cells (e.g., Langerhans cells, dermal 
dendritic cells, dendritic cells, follicular dendritic cells, B 
cells, macrophages) With antigen and/or polynucleotide may 
enhance activation of the antigen presenting cell and/or 
presentation of antigen. The antigen presenting cell could 
then present the antigen to a lymphocyte. In particular, the 
antigen presenting cell may migrate from the skin to the 
lymph nodes, and then present antigen to a lymphocyte, 
thereby inducing an antigen-speci?c immune response. 
Moreover, the formulation may directly contact a lympho 
cyte Which recogniZes antigen, thereby inducing an antigen 
speci?c immune response. 
[0032] In addition to eliciting immune reactions leading to 
activation and/or eXpansion of an antigen-speci?c B and/or 
T cell population, including a cytotoXic T lymphocyte 
(CTL), another object of the invention is to positively and/or 
negatively regulate components of the immune system by 
using the transcutaneous immuniZation system to affect 
antigen-speci?c helper (Th1 and/or Th2) or delayed-type 
hypersensitivity (DTH) T-cell subsets. The desired immune 
response is preferably systemic or regional (e.g., mucosal), 
but it is preferably not an allergic reaction, dermatitis, 
ecZema, psoriasis, or other atopic skin reaction. 

[0033] The invention may be practiced Without perfora 
tion of the intact skin. But the invention may also include 
applying the formulation to skin With physical energy, 
electrical energy, sonic energy, or combinations thereof used 
to perforate the stratum corneum to reach the outer layer of 
the epidermis. Optionally, the formulation may include 
chemical penetration enhancers, viral particles, Whole or 
intact cells, liposomes, proteosomes, chemical transfectants, 
materials to promote skin hydration, or combinations 
thereof. Hydrating the skin at the application site, increasing 
the local concentration, or recruiting antigen presenting cells 
to the application site may enhance the immune response. 

[0034] A preferred embodiment of the formulation is to 
provide a single or unit dose for administration. Thist may 
simplify administration of the formulation to the subject, 
each unit dose containing active ingredients in pre-deter 
mined amounts for a single round of immuniZation. The 
amount of antigen or polynucleotide encoding antigen in the 
unit dose may be anyWhere in a broad range from about 0.1 
pg to about 10 mg. The range from about 1 pg to about 1 mg 
is preferred, the range from about 10 pg to about 500 pg is 
more preferred. Other suitable ranges are betWeen about 1 
pg and about 10 pg, betWeen about 10 pg and about 50 pg, 
betWeen about 50 pg and about 200 pg, and betWeen about 
1 mg and about 5 mg. 

[0035] In contrast to the expectations of the art, our 
delivery system provided by transcutaneous immuniZation is 
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capable of achieving ef?cient delivery of at least antigen 
and/or polynucleotide encoding antigen through the skin to 
the immune system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1, panels A-B, shoWs the CT-speci?c anti 
body responses in BALB/c mice immunized transcutane 
ously With cholera toxin (CT). The ordinate of panel A is 
exponentially scaled and arroWs indicate the 8 and 18 Week 
time points. Panel B displays the antibody titers induced 

after the 18 Week boost on a linear scale. An asterisk denotes a statistically signi?cant increase (p<0.05) in anti 

CT antibody titer betWeen 18 and 23 Weeks. 

[0037] FIG. 2, panels A-B, shoWs mortality in a popula 
tion of C57BL/6 mice that have been immuniZed With CT by 
the transcutaneous route and then intranasally challenged 
With native toxin three Weeks after (A) one or (B) tWo 
rounds of immuniZation. In both trials, survival Was signi? 
cant at the p<0.05 level (Fisher EXact). The number of mice 
per group is indicated in parentheses (total survivors/number 
of mice in study). 

[0038] FIG. 3, panels A-F, shoWs serum (A and D) and 
mucosal (lung in B and E; stool in C and F) antibody 
responses to CT after transcutaneous immuniZation. 

[0039] FIG. 4, panels A-D, shoWs serum antibody 
responses induced by oral (panels A and B) or transcutane 
ous (panels C and D) eXposure to CT. Results shoWn are 
measurements from the ?ve individual animals (holloW 
squares for panels A and C; holloW circles for panels B and 
D). Solid symbols indicate the geometric mean value for 
each cohort of animals. An asterisk denotes the mean 
value detected in prebleed serum of the mice. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0040] The transcutaneous immuniZation system of the 
present invention can deliver antigen to the immune system 
through the stratum corneum Without physical or chemical 
penetration to the dermis layer of the skin. This delivery 
system induces an antigen-speci?c immune response. 
Although perforation of intact skin is not required, super? 
cial penetration or micropenetration of the skin can act as an 
enhancer. Similarly, hydration may enhance the immune 
response. This system can induce antigen-speci?c immune 
effectors after epicutaneous application of a formulation 
containing one or more active ingredients (e.g., antigen, 
polynucleotide encoding antigen). 
[0041] The formulation may initiate and/or enhance pro 
cesses such as antigen uptake, processing, and presentation; 
Langerhans cell activation, migration from the skin to other 
immune organs, and differentiation to mature dendritic cells; 
contacting antigen With lymphocytes bearing cognate anti 
gen receptors on the cell surface and their stimulation; and 
combinations thereof. 

[0042] Systemic and/or regional immunity may be 
induced. Immune responses that result in prophylactic and/ 
or therapeutic treatments are preferred. Antigen activities in 
the formulation may be found in the same molecule, tWo or 
more different molecules dissociated from each other, or 
multiple molecules in a complex formed by covalent or 
non-covalent bonds. For antigens Which are proteinaceous, 
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they may be provided in the formulation as a polynucleotide 
for transcutaneous genetic immuniZation. Besides simple 
application of a dry or liquid formulation, patches or other 
medical devices may be used to deliver antigen for immu 
niZation. 

[0043] In a ?rst embodiment of the present invention, a 
formulation containing only one or more antigens or poly 
nucleotides encoding antigen as active ingredients is applied 
to intact skin of an organism, antigen is presented to immune 
cells, and an antigen-speci?c immune response is induced 
Without perforating the skin. As noted above, transcutaneous 
immuniZation may also be practiced With physical and/or 
chemical penetration enhancers. 

[0044] The formulation may include an additional active 
ingredient (e.g., antigen, polynucleotide encoding antigen) 
such that application of the formulation induces an immune 
response to both the organism and the applied antigen or 
multiple antigens. In such a case, the antigens may or may 
not be derived from the same source, but the antigens Will 
have different chemical structures so as to induce immune 
responses speci?c for the different antigens. Antigen-spe 
ci?c lymphocytes may participate in the immune response 
and, in the case of participation by B lymphocytes, antigen 
speci?c antibodies may be part of the immune response. A 
patch containing antigen and/or polynucleotide encoding 
antigen may contain a single reservoir or multiple reservoirs 
With individual antigens and/or polynucleotides encoding 
antigen. 

[0045] The application site may be further manipulated 
With anti-in?ammatory corticosteroids (e.g., hydrocortisone, 
triamcinolone, mometaZone) or non-steroidal anti-in?am 
matory drugs (NSAIDs) to reduce possible local skin reac 
tion or modulate the type of immune response. Similarly, 
anti-in?ammatory steroids, NSAIDs, chemokines, cytok 
ines, or other in?ammatory agents or immunomodulators 
may be included in the patch material or formulations, or 
may be applied after immuniZation to alleviate any potential 
symptoms cause by the transcutaneous immuniZation. 

[0046] Another object of the invention is to provide for 
mulations useful for human or animal immuniZation, as Well 
as processes for their manufacture. Although liquid formu 
lations are conveniently used under controlled conditions, a 
dry formulation is more easily stored and transported than 
conventional vaccines, it breaks the cold chain required from 
the vaccine’s place of manufacture to the locale Where 
vaccination occurs. Without being limited to any particular 
mode of action, another Way in Which a dry formulation may 
be an improvement over liquid formulations is that high 
concentrations of an active component of the formulation 
may be achieved by solubiliZation directly at the site of 
immuniZation over a short time span. Moisture from the skin 
and an occlusive dressing may hasten this process. In this 
Way, it is possible that a concentration approaching the 
solubility limit of the active component may be achieved in 
situ. Alternatively, the dry active component of the formu 
lation per se may be the improvement by providing a solid 
particulate form that is taken up and processed by antigen 
presenting cells. These possible mechanisms are discussed 
not to limit the scope of the invention or its equivalents, but 
to provide insight into the present invention’s possible 
modes of operation and to guide the use of this formulation 
in immuniZation. 
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[0047] The dry formulation of the invention is provided in 
various forms. A “patch” refers to a preferred embodiment 
Which includes a solid substrate (e.g., medical dressing) as 
Well as at least one active component. Other embodiments 
are ?ne or granulated poWders, dry ?lms, pellets, and tablets. 
The formulation may be dissolved, and then dried in an 
ampoule or on a ?at surface (e.g., skin), or simply dusted on 
the ?at surface. It may be air dried, dried With elevated 
temperature, dried as a mist or spray, freeZe dried as a mist 

or spray, coated or sprayed on a solid substrate and then 

dried, dusted on a solid substrate, quick froZen and then 
sloWly dried under vacuum, or combinations thereof. If 
different molecules are active components of the formula 
tion, they may be mixed in solution and then dried, or mixed 
in dry form only. Compartments or chambers of the patch 
may be used to separate active components so that only one 
of the antigens or polynucleotides is kept in dry form prior 
to administration. Separating liquid and solid ingredients in 
this manner alloWs control over the time and rate of the 
dissolving of at least one dry active component. Optionally 
the formulation may include at least one excipient or stabi 
liZer. The formulation may be manufactured under aseptic 
conditions With practices acceptable to the appropriate regu 
latory agencies (e.g., the Food and Drug Administration) for 
biologicals and vaccines. 

[0048] In another embodiment, the present invention is 
used to treat an organism in need of such treatment. If the 
antigen is derived from a pathogen, the treatment may 
vaccinate the organism against infection by the pathogen or 
against its pathogenic effects such as those caused by toxin 
secretion. The speci?c ligand-receptor interactions that 
pathogens use to infect a cell are a preferred source of 
antigen (e.g., surface antigens, virulence or coloniZation 
factors, other components of the pathogen’s coat or cell 
surface). A formulation that includes a tumor antigen may 
provide a cancer treatment; a formulation that includes an 
autoantigen may provide a treatment for a disease caused by 
the organism’s oWn immune system (i.e., autoimmune dis 
ease); a formulation that includes an allergen may provide a 
treatment for allergy or other hypersensitivity reactions. The 
present invention may be used therapeutically to treat exist 
ing disease, prophylactically to prevent disease, or to reduce 
the severity and/or duration of disease. 

[0049] Ligand-receptor interactions that are speci?c for 
antigen presenting cells (APCs), especially Langerhans cells 
and other dendritic APCs, are preferred because this Would 
target the antigen presenting cells of interest by conjugation 
of the antigen and/or polynucleotide encoding the antigen to 
a member of the speci?c binding complex (i.e., any com 
ponent of the binding complex on the cell surface of the 
antigen presenting cell), or a derivative thereof that retains 
this speci?c binding function (e.g., a soluble version of a 
membrane-bound receptor on the surface of a cell binding to 
the APC Which is considered to be the “ligand” binding to 
the antigen presenting cell). Preferred are tWo component 
binding to the cell surface of the APC (i.e., a speci?c binding 
pair) or situations Where a simple polypeptide, lipid, or 
carbohydrate moiety is involved in speci?c binding to a 
receptor complex on the cell surface of the APC because this 
can simplify the conjugate component of the formulation to 
a single molecule. The non-APC member of the speci?c 
binding pair or the ligand moiety may be included as a 
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component of the conjugate, covalently or non-covalently, 
and speci?c binding of the complex to the antigen presenting 
cell Would be likely. 

[0050] Langerhans cells have on their surface immuno 
globulin receptors (Fc receptors) (Stingl et al., 1977) and 
complement receptors such as those for C3b (Karp et al., 
1996; Hammerberg et al., 1998) Which function to enhance 
the targeting of antigens to the APC (e.g., Langerhans cells 
in the epidermis, dermal dendritic cells, dendritic cells, 
follicular dendritic cells, macrophages) and/or induce the 
antigen presenting cell to then present the antigen to a 
lymphocyte. In particular, once the APC is targeted With 
antigen complexed With immunoglobulin or complement, 
the antigen presenting cell may migrate from the skin to the 
lymph nodes, and then present antigen to a lymphocyte, 
thereby inducing an antigen-speci?c immune response. 

[0051] Other ligand-receptor interactions may be targeted 
as Well. Presentation of antigen in the context of CD1 
involves uptake of glycolipids by APC mannose receptors 
and the delivery to endosomal compartments Where loading 
of lipid antigen is thought to take place (Castano et al., 1995; 
PrigoZy et al., 1997; Zeng et al., 1997; Sieling et al., 1999). 
Mannose receptors may alloW targeting of antigen and/or 
polynucleotide, thereby confer the advantages of presenta 
tion in the context of CD 1, especially because this molecule 
in a non-polymorphic antigen presenting molecule. Heter 
ologous molecules that bind carbohydrates (e.g., lectins) 
could target complex sugars on the surface of APCs; gly 
cosylated heterologous molecules can target carbohydrate 
binding receptors on the surface of APCs. 

[0052] If both peptide and non-peptide antigens could 
target CD 1 molecules, then genetic major histocompatibil 
ity complex (MHC) restrictions of the immune response to 
antigens may be overcome. This is in addition to the 
aforementioned advantages of speci?c targeting of antigen 
presenting cells. Mannose receptors may be used other 
antigens such as Whole viruses or proteins (Grosjean et al., 
1997; Castano et al., 1995). 

[0053] Receptors such as the ?t3 receptor may also be 
used to target Langehans cells or increase their numbers 
(Strobl et al., 1997). Other ligand-receptor interactions that 
may be targeted include CD101 (Bagot et al., 1997), CD40 
(Hammerberg et al., 1998), DEC 205 (Inaba et al., 1995), 
high affinity IgE Fc receptors (Jurgens et al., 1995), GM 
CSF receptors (Emile et al., 1995), TNFO. receptors (Wang 
et al., 1996b), CD68 (Furue et al., 1995), CD48 (OZaea et al., 
1995), C5a (CD 88) (Morrelli et al., 1996, 1997), glucocor 
ticoid receptor (Serres et al., 1996), and gastrin-releasing 
peptide (Staniek et al., 1996). Other cell surface markers for 
Langerhans cells are described in “Langerhans Cells and 
Related Skin Dendritic Cells” (Bos, 1997b). 

[0054] In yet another embodiment of the present inven 
tion, ligand-receptor interactions could be used in combina 
tion to enhance the immune response of antigen presenting 
cells (APCs) in the skin. For example, pretreatment of the 
skin With GM-CSF or a subunit thereof or recombinant 
Which binds to APCs in the skin can upregulate C5a recep 
tors (Morrelli et al., 1996). Antigen and/or polynucleotide 
complexed to C5a could then be added to augment their 
targeting to APCs. 

[0055] Antigen and/or polynucleotide encoding antigen 
may be complexed With alpha-2 macroglobulin to form a 
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complex Which is thought to enhance receptor-mediated 
endocytosis (Mitsuda et al., 1995). CD91 is a receptor for 
alpha-2 macroglobulin on antigen presenting cells. Thus, 
alpha-2 macroglobulin targets an antigen presenting cell and 
may even be used to load peptide in the major histocom 
patibility complex (MHC) class II molecule Without further 
antigen processing. 
[0056] Complexes may also include an agent that lyses 
endosomes and/or lysosomes, especially of antigen present 
ing cells. For example, antigen and/or polynucleotide encod 
ing antigen may be simply admixed With split virus from 
in?uenza Which contains factors such as hemagglutinin 
(HA) or other agents Which have endosomolytic activity. 
This may affect protein transport (retrograde and/or antero 
grade) through the endosome-lysosome pathWay and thus 
change degradative processes involved in antigen presenta 
tion or transfection of polynucleotides. Additionally, HA 
may act as an adjuvant to enhance the immune response and 
may activate antigen presenting cells (e.g., Langerhans 
cells) to migrate out of the skin and present antigen in lymph 
nodes. Such a formulation could include coat protein, other 
viral components, or Whole virus to enhance the CTL 
response Which is thought to require cytoplasmic antigen for 
ef?cient production of CTLs. 

[0057] A formulation containing antigen and/or poly 
nucleotide encoding antigen and targeting agent is com 
plexed (e.g., mixed, covalently or non-covalently bound) 
With or Without an endosomolytic agent and applied to the 
skin of an organism. Induction of an antigen-speci?c 
immune response may be improved thereby With greater 
immunologic bene?t as compared to a formulation Without 
the complex and/or endosomolytic agent. 

[0058] In a second embodiment of the present invention, 
a patch for use in the above methods is provided. The patch 
may comprise a dressing, and an effective amount of antigen 
and/or polynucleotide. Active components may be provided 
in liquid and/or dry forms. They may be present in a 
complex that targets Langerhans cells or other antigen 
presenting cells. The patch may contain a physical or 
chemical component that enhances the immune response 
through penetration enhancement. See US. Pat. Nos. 3,734, 
097, 4,915,950, and 5,049,387 for detailed descriptions of 
patches. 

[0059] Suitable patch materials include cellulose (e.g., 
rayon); cotton; metals; acrylics, alkyds, epoxys, polyamides, 
polycarbonates, polyesters, polyethylenes, polypropylenes, 
polystyrenes, urethanes, vinyl polymers, other plastics; res 
ins; rubber and elastomers; silicones, and combinations 
thereof. The patch material may be occlusive or non-occlu 
sive, Woven or non-Woven. Such patches can be provided 
With an adhesive or non-adhesive backing Which is biocom 
patible, and preferably moisture resistant and/or easily 
removable. Suitable backing materials include acrylates, 
cellulose acetate, epoxy resins, gums, rubber latex, silicone, 
sodium silicates, and combinations thereof. Patches With a 
non-adhesive backing can be secured to the organism by 
non-adhesive means such as, for example, Wrapping. 
Durable parts of the patch may be metallic or plastic to 
maintain ?uid impermeability and to keep separate liquids in 
different compartments. 

[0060] The patch may include additional antigens such 
that application of the patch induces an immune response to 
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multiple antigens. In such a case, the antigens may or may 
not be derived from the same source, but the antigens Will 
have different chemical structures so as to induce an immune 
response speci?c for the different antigens. Multiple patches 
may be applied simultaneously; a single patch may contain 
multiple reservoirs. For effective treatment, multiple patches 
may be applied at frequent intervals or constantly over a 
period of time, or may be applied simultaneously. The patch 
may include a controlled released reservoir or matrix or rate 
controlling membrane may be used Which alloWs time 
release of antigen and/or polynucleotide. The patch may 
contain a single reservoir or multiple reservoirs With indi 
vidual antigens and/or polynucleotides. Complex formation 
may be regulated by mixing of these reagents according to 
the accessibility of the reservoir, matrix, or membrane such 
that the complex is formed just prior to and/or during 
application of the patch to the skin of the organism. 

[0061] Creams, emulsions, gels, lotions, ointments, pastes, 
solutions, suspensions, and other vehicles may be applied in 
a similar fashion using multiple antigens, polynucleotides 
both at the same and separate sites or simultaneously or in 
frequent repeated applications. Solutions may also be 
applied by bathing or immersing, rubbing or massaging, 
painting, spraying, and Wetting or Wiping. 

[0062] In another embodiment of the present invention, 
the formulation may be applied to the skin overlying more 
than one draining lymph node ?eld using either single or 
multiple applications. The formulation may include addi 
tional antigens such that application to the skin induces an 
immune response to multiple antigens. In such cases, the 
antigens may or may not be derived from the same source, 
but the antigens Will have different chemical structures and 
induce an immune response speci?c for the different anti 
gens. 

[0063] The formulation may be applied to intact skin to 
boost or prime the immune response in conjunction With 
other routes of immuniZation. Thus, priming With transcu 
taneous immuniZation With either single or multiple appli 
cations may be folloWed With oral, nasal, or parenteral 
techniques for boosting immuniZation With the same or 
altered antigens. The formulation may include additional 
antigens such that application to intact skin induces an 
immune response to multiple antigens. 

[0064] In addition to antigen and/or polynucleotide encod 
ing antigen, the formulation may comprise a liquid vehicle 
or particulate carrier. For example, the formulation may 
comprise emulsions like aqueous creams, microemulsions, 
oil-in-Water (O/W) emulsions like oily creams, anhydrous 
lipids, fats, Waxes, oils, silicones, polymers, copolymers, 
humectants like glycerol, moisturiZers, and other chemicals 
that promote hydration. Asolid microparticle (e.g., tungsten, 
gold, colloidal metals) may carry antigen and/or polynucle 
otide on its surface While a biodegradable particle (e.g., 
polylactides, polyglycolides, copolymers thereof, polyca 
prolactones) may release its contents at a particular time and 
place. 

[0065] The antigen may be derived from a pathogen that 
can infect the organism (e.g., bacterium, virus, fungus, or 
parasite), or a cell (e.g., tumor cell or normal cell). The 
antigen may be a tumor antigen or an autoantigen (insulin A 
chain, insulin B chain, p9-23, panreatic islet antigens, 
glutamate dehydrogenase, GAD 65; Ramiya et al., 1997). 
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The antigen may be an allergen such as pollen, animal 
dander, mold, dust mite, ?ea allergen, salivary allergen, 
grass, food (e.g., peanuts and other nuts), Bet v 1 (Wieder 
mann et al., 1998), or even a contact sensitiZer like nickel or 
DNCB. Chemically, the antigen may be a carbohydrate, 
glycolipid, glycoprotein, lipid, lipoprotein, phospholipid, 
polypeptide, or chemical or recombinant conjugate of the 
above. The molecular Weight of the antigen may be greater 
than 500 daltons, preferably greater than 800 or 1000 
daltons, more preferably greater than 2500 or 5000 daltons, 
and even more preferably greater than 10,000 daltons. 

[0066] Antigen may be obtained by recombinant means, 
chemical synthesis, or puri?cation from a natural source. 
Preferred are proteinaceous antigen or conjugates With 
polysaccharide. Antigen may be at least partially puri?ed in 
cell-free form (e.g., soluble or membrane fraction, Whole 
cell lysate). Alternatively, antigen may be provided in the 
form of live, attenuated, inactivated, recombinant, and 
pathogenic forms of pathogens like bacteria, ?ngi, parasites, 
and viruses. Useful vaccine vectors are viruses (e.g., aden 
ovirus, polio virus, poxviruses, vaccinia viruses) and bacte 
ria, especially those that are harmless When coloniZing 
humans. 

[0067] Selection of suitable components of the formula 
tion may alloW preferential induction of a humoral and/or 
cellular immune response, speci?c antibody isotypes (e.g., 
IgM, IgD, IgA1, IgA2, IgE, IgG1, IgG2, IgG3, and/or IgG4), 
and/or speci?c T-cell subsets (e.g., CTL, Th1, Th2 and/or 
TDTI-I)‘ 
[0068] Optionally, antigen, heterologous polypeptide, 
polynucleotides encoding same, or combinations thereof 
may be provided in the formulation by means of a nucleic 
acid (e.g., DNA, RNA, cDNA, cRNA) encoding the 
polypeptide as appropriate. Subunits of the polynucleotide 
may be deoxyribonucleosides, ribonucleosides, non-natural 
analogs, or modi?ed derivatives thereof (e.g., substitutions 
of the deoxyribose or ribose sugar). Linkages are conven 
tionally phosphodiester bonds, but may involve some com 
bination of nitrogen, oxygen, phosphorus, silicon, and sulfur 
heteroatoms (e.g., amide and phosphorothioate bonds). 
Polynucleotide may be chemically synthesiZed or puri?ed 
from a host (e.g., bacterium, fungus, yeast, mammalian or 
insect cell). The polynucleotide may be single stranded or 
double stranded; preferably, it is in a covalently closed, 
circular form (e. g., plasmid). Replicating the polynucleotide 
in a bacterial host Will remove the speci?c methylation 
pattern of CpG dinucleotides Which is typical of higher 
eukaryotes like mammals. This technique is called “genetic 
immuniZation” in the art. 

[0069] The term “antigen” as used in the invention, is 
meant to describe a substance that induces a speci?c 
immune response When presented to immune cells of an 
organism. An antigen may comprise a single immunogenic 
epitope, or a multiplicity of immunogenic epitopes recog 
niZed by a B-cell receptor (i.e., antibody on the membrane 
of the B cell) or a T-cell receptor. To be effective, the 
immune response induced by the antigen may only recog 
niZe a single epitope. As previously discussed, a molecule 
may be both an antigen and an adjuvant (e.g., cholera toxin). 
Thus, an antigen-only formulation according to the present 
invention may contain adjuvant activity (separable or non 
separable) but it does not contain heterologous adjuvant that 
is not intended to be used as an antigen. 
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[0070] Bovine serum albumin (BSA) and the Asubunit of 
cholera toxin (CTA) are examples of antigens that did not 
induce a detectable immune response. Soluble leishmania 
antigen (SLA) extract did not induce detectable antigen 
speci?c antibodies (i.e., humoral immunity) but did induce 
antigen-speci?c lymphocytes (i.e., cellular immunity) With 
out requiring heterologous adjuvant. Cholera toxin (CT), 
pertussis toxin (PT), Pseudomonas exotoxin A (ETA), E. 
coli heat-labile enterotoxin (LT), diphtheria toxin (DT), 
sequestrin, in?uenZa hemagglutinin (HA) and nucleoprotein 
(NP), Hemophilus in?uenZa B polysaccharide conjugate 
(Hib-PS), E. coli coloniZation factor CS6, tetanus fragment 
C (TetC), and ovalbumin (OVA) are other examples of 
antigens that induce a detectable immune response Without 
a need to include heterologous adjuvant in the formulation. 

[0071] The term “adjuvant” as used in the invention, is 
meant to describe a substance added to the formulation to 
assist in inducing an immune response to the antigen. Thus, 
an adjuvant may consist of an activator and/or groWth 
differentiation factor of antigen presenting cells, an inducer 
of antigen presentation, or combinations thereof. Adjuvants 
Which are themselves antigenic Would also be useful as 
antigen in the present invention. 

[0072] The term “complex” as used in the invention, is 
meant to describe the conjugation of components of the 
formulation by covalent or non-covalent bonds, or some 
combination thereof. A covalent bond can be made by 
chemical cross-linkers or production of a fusion protein. 
Covalent conjugates may also be provides by a polynucle 
otide encoding a fusion protein. A non-covalent bond can be 
made by a speci?c interaction such as that involved in 
binding of, for example, antibody-Fc receptor, biotin-avidin 
(e.g., native avidin, streptavidin, NEUTRAVIDIN from 
Pierce, Rockford, Ill.), chelated Ni++-polyhistidine, comple 
ment fragment-complement receptor, epitope-antibody, glu 
tathione-glutathione S-transferase (GST), hapten-antibody 
(e.g., DNP, digoxygenin), lectin-carbohydrate, maltose bind 
ing protein (MBP)-simple or complex sugars (e.g., dextrin 
or other polysaccharides), protein A or G-antibody constant 
region, and other ligand-receptor interactions. TWo-compo 
nent interactions are preferred because either member of the 
speci?c binding pair may be incorporated into the complex. 
Aheterologous molecule may be included in the complex as 
a component in a speci?c binding interaction to be involved 
in holding the complex together, to target the complex to an 
antigen presenting cell, or both. 

[0073] Molecules may be biochemically modi?ed by con 
jugation to a heterologous molecule (see aforementioned 
components of speci?c binding interactions), creation of 
reactive amine or thiol groups With a chemical cross-linker, 
removing or adding sugar residues, or cleavage With a 
protease under complete or limited digestion conditions. 
Stability of the complex during transcutaneous immuniZa 
tion, from application through delivery to an antigen pre 
senting cell, during transit through the stratum corneum to 
the epidermis, and combinations thereof are preferred. 
Reducing the siZe of components, especially the heterolo 
gous molecule, is also preferred and is likely to be successful 
in many cases because fragments are knoWn that retain their 
ability to speci?cally bind their cognate ligand: avidin, GST, 
MBP, complement, immunoglobulin, protein A, and soluble 
versions of membrane-bound proteins produced by deletion 
of a transmembrane domain. 
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[0074] Preferably, the heterologous molecule is involved 
in speci?c binding to the surface of an antigen presenting 
cell. Cell surface molecules found on Langerhans cells, and 
not other epidermal cells, are more preferred (see Bos, 
1997b). Polypeptide fragments such as those from comple 
ment that bind to at least one of the antigen presenting cell’s 
complement receptors or those from antibody that bind to at 
least one of the antigen presenting cell’s Fc receptors may 
act to target the complex. 

[0075] As used in the claims, “complex” may refer to all 
of its components or a portion thereof. Thus, the complex 
may be formed by a mixture of covalent and non-covalent 
bonds. It may contain conjugates that are covalently or 
non-covalently linked. Insoluble complexes or very large 
complexes may require physical or chemical penetration to 
induce an antigen-speci?c immune response. Preferably, the 
average molecular Weight of the entire complex is greater 
than about 50,000 daltons; about 100,000 daltons; about 
250,000 daltons; about 500,000 daltons; or about 1,000,000 
daltons for a soluble complex. For example, IgG is about 
154,000 daltons and pentameric IgM is about 900,000 
daltons. SiZing may be performed by gel ?ltration or veloc 
ity sedimentation. 

[0076] A “heterologous” molecule, polynucleotide, or 
polypeptide is not found naturally linked to the other com 
ponent(s) of the complex. For example, a fusion protein may 
be provided by recombinant technology using a polynucle 
otide expressing antigen and heterologous polypeptide. The 
fusion protein may be produced by recombinant expression 
in a microbial host or by genetic immuniZation With the 
polynucleotide in the organism. Apolynucleotide produced 
by recombinant technology (i.e., as opposed to natural 
recombination occurring during cell division and sexual 
reproduction) is also typically heterologous because the 
genes being recombined are obtained from different host 
sources or positions in the genome. 

[0077] The term “effective amount” as used in the inven 
tion, is meant to describe that amount of antigen Which 
induces an antigen-speci?c immune response. Such induc 
tion of an immune response may provide a treatment such 
as, for example, immunoprotection, desensitiZation, immu 
nosuppression, modulation of autoimmune disease, poten 
tiation of cancer immunosurveillance, or therapeutic vacci 
nation against an established infectious disease. The amount 
used Will ultimately be determined at the discretion of a 
physician or veterinarian to achieve a bene?cial effect in the 
treated organism. For example, diseases or other pathologic 
conditions may be prevented or cured. It is suf?cient, 
hoWever, for the bene?cial effect to be a reduction in the 
number or severity of symptoms associated With the disease 
or other pathologic condition. Such effects may be measured 
through objective criteria by the physician or veterinarian, or 
subjective self-reporting by the organism or observers famil 
iar With the organism. 

[0078] The precise measurements and criteria used may 
vary depending on factors such as the natural history of the 
disease or pathogenesis of the condition, clinical character 
istics of the disease or pathologic condition, mechanism of 
disease or pathogenesis, standard medical or veterinary 
practice to treat the disease or pathologic condition, effec 
tiveness of pre-existing immuniZation protocols, and avail 
ability of alternative treatments. 
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[0079] The clinical discretion of the physician or veteri 
narian may be in?uenced by the organism’s sex, age, siZe, 
Weight, medical history, diet, general health and immuno 
logic status, sensitivity to allergens, susceptibility to phar 
macologic interactions, and number and severity of symp 
toms. Taking all such factors into account, selection of 
organisms that Will bene?t from treatment, precise dosage 
amounts, timely dosing schedules, and the exact site of 
administration is a medical or veterinary judgment to be 
made in the best interests of the organism. For example, 
depending on the severity of the disease or condition and the 
availability of alternative treatments, it may be prudent to 
treat an organism according to the present invention even if 
the immune response is loW and/or there are minor side 
effects. 

[0080] The term “draining lymph node ?eld” as used in 
the invention means an anatomic area over Which the lymph 
collected is ?ltered through a set of de?ned set of lymph 
nodes (e.g., cervical, axillary, inguinal, epitrochelear, 
popliteal, those of the abdomen and thorax). The organism 
in need of treatment may be any organism With an immune 
system capable of inducing an antigen-speci?c immune 
response, humoral and/or cellular, such as mammals, birds, 
and ?shes. 

[0081] Of primary concern is the immuniZation of humans 
and animal models of human diseases and pathologic con 
ditions (e.g., primates such as chimpanZee or rhesus mon 
key). Other laboratory animals such as lagomorphs and 
rodents (e.g., guinea pig, hamster, mouse, rabbit, rat) are 
standard models for the mammalian immune system. Com 
panion animals such as dogs, cats, and other pets may also 
be treated. Domesticated animals important for agriculture 
include cattle, donkeys, goats, horses, mules, pigs, and 
sheep. Also of agricultural importance are domesticated 
birds raised on farms (e.g., chicken, duck, emu, ostrich, 
quail, and turkey) and ?shes cultured in ponds (e.g., carp, 
cat?sh, salmon, tilapia). Wild or feral versions of the afore 
mentioned may also be treated for conservation purposes or 
because they represent reservoirs for epidemics (e.g., in?u 
enZa, Lyme disease, malaria, rabies). Other such animals are 
bears, bison, buffalo, chipmunks, cougars, coyotes, deer, 
elks, foxes, jaguars, moose, racoons, squirrels, and Wolves. 

[0082] Without being bound to any particular theory but 
only to provide an explanation for our observations, it is 
presumed that the transcutaneous immuniZation delivery 
system carries antigen to cells of the immune system Where 
an immune response is induced. The antigen may pass 
through the normal protective outer layers of the skin (i.e., 
stratum corneum) and induce the immune response directly, 
or through an antigen presenting cell (APC) population in 
the epidermis (e.g., macrophage, tissue macrophage, 
Langerhans cell, dendritic cell, dermal dendritic cell, B 
lymphocyte, or Kupffer cell) that presents processed antigen 
to a lymphocyte. Of course, this proposed mechanism is not 
intended to limit the claimed invention unless the speci?c 
limitation for an event that results in induction of the 
immune response are explicitly recited in the claim. 

[0083] Optionally, the antigen may pass through the stra 
tum corneum via a hair follicle or a skin organelle (e.g., 
sWeat gland, oil gland). Thus, there may be an advantage to 
micropenetration of the skin (e.g., physical or chemical 
penetration through the stratum corneum) prior to and/or 
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during immunization. Some advantages of targeting the 
APC in may be that the rate of assembling together antigen/ 
polynucleotide and APC at a single site is accelerated, and/or 
the probability of soluble antigen/polynucleotide contacting 
the same APC is increased. 

[0084] Transcutaneous immuniZation With bacterial ADP 
ribosylating exotoxins (bAREs) as an example, may target 
the epidermal Langerhans cell, knoWn to be among the most 
ef?cient of the antigen presenting cells (APCs). We have 
found that bAREs activate Langerhans cells When applied 
epicutaneously to the skin in solution. The Langerhans cells 
direct speci?c immune responses through phagocytosis of 
the antigens, and migration to the lymph nodes Where they 
act as APCs to present the antigen to lymphocytes, and 
thereby induce a potent antibody response. Although the 
skin is generally considered a barrier to invading organisms, 
the imperfection of this barrier is attested to by the numerous 
Langerhans cells distributed throughout the epidermis that 
are designed to orchestrate the immune response against 
organisms invading via the skin. According to Udey (1997): 

[0085] “Langerhans cells are bone-marroW derived cells 
that are present in all mammalian strati?ed squamous epi 
thelia. They comprise all of the accessory cell activity that 
is present in unin?ammed epidermis, an in the current 
paradigm are essential for the initiation and propagation of 
immune responses directed against epicutaneously applied 
antigens. Langerhans cells are members of a family of potent 
accessory cells (‘dendritic cells’) that are Widely distributed, 
but infrequently represented, in epithelia and solid organs as 
Well as in lymphoid tissue. 

[0086] “It is noW recogniZed that Langerhans cells (and 
presumably other dendritic cells) have a life cycle With at 
least tWo distinct stages. Langerhans cells that are located in 
epidermis constitute a regular netWork of antigen-trapping 
‘sentinel’ cells. Epidermal Langerhans cells can ingest par 
ticulates, including microorganisms, and are ef?cient pro 
cessors of complex antigens. HoWever, they express only 
loW levels of MHC class I and II antigens and costimulatory 
molecules (ICAM-1, B7-1 and B7-2) and are poor stimula 
tors of unprimed T cells. After contact With antigen, some 
Langerhans cells become activated, exit the epidermis and 
migrate to T-cell-dependent regions of regional lymph nodes 
Where they localiZe as mature dendritic cells. In the course 
of exiting the epidermis and migrating to lymph nodes, 
antigen-bearing epidermal Langerhans cells (noW the ‘mes 
sengers’) exhibit dramatic changes in morphology, surface 
phenotype and function. In contrast to epidermal Langer 
hans cells, lymphoid dendritic cells are essentially non 
phagocytic and process protein antigens inef?ciently, but 
express high levels of MHC class I and class II antigens and 
various costimulatory molecules and are the most potent 
stimulators of naive T cells that have been identi?ed.” 

[0087] We envision that the potent antigen presenting 
capability of the epidermal Langerhans cells can be 
exploited for skin delivered vaccines. A transcutaneous 
immune response using the skin immune system may only 
require delivery of vaccine antigen to Langerhans cells in 
the stratum corneum (the outermost layer of the skin con 
sisting of corni?ed cells and lipids) via passive diffusion or 
micropenetration. Subsequently, Langerhans cell are acti 
vated, take up the antigen, process the antigen, migrate to 
B-cell follicles and/or T-cell dependent regions, present the 
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antigen to B and/or T cells, and combinations thereof. If 
antigens other than bAREs (e.g., BSA) are to be phagocy 
tosed by the Langerhans cells, then these antigens could also 
be taken to the lymph node for presentation to T cells and 
subsequently induce an immune response speci?c for that 
antigen. Thus, a feature of transcutaneous immuniZation 
may be activation of the Langerhans cell, presumably by 
bacterial ADP-ribosylating exotoxins, activated ADP-ribo 
sylating exotoxin binding subunits (e.g., cholera toxin B 
subunit), other antigens, or other Langerhans cell activating 
substances. Increasing the siZe of the skin population of 
Langerhans cells by the use of alcohol sWabbing or acetone 
treatment Would also be expected to enhance the transcuta 
neous immune response. In aged or Langerhans cell-de 
pleted skin (e.g., from UV damage), it may be possible to 
treat With tretinoin to replenish the Langerhans cells (Mur 
phy et al., 1998). 
[0088] It should be noted that antigens such as LPS are 
knoWn to be highly toxic When injected or given systemi 
cally (Rietschel et al., 1994; Vosika et al., 1984) but if placed 
on the surface of intact skin are unlikely to induce systemic 
toxicity, similar to our ?ndings With CT. A similar absence 
of toxicity could be expected if the skin Were penetrated only 
beloW the stratum corneum and into the epidermis, but not 
beloW the deeper layers of the skin. Thus, the ability to 
induce activation of the immune system through the skin 
confers the unexpected advantage of potent immune 
responses Without systemic toxicity. 

[0089] The mechanism of transcutaneous immuniZation 
via Langerhans cells activation, migration and antigen pre 
sentation could be shoWn by a change in morphology and/or 
number of epidermal Langerhans cells from epidermal 
sheets transcutaneously immuniZed With CT or CTB, or by 
upregulation of major histocompatibility complex (MHC) 
class II antigens, B7-1, or B7-2. This could also be shoWn by 
?uorescent activated cell scanning (FACS) analysis of 
digested epidermal sheets. Cells could be analyZed by stain 
ing (e.g., ?uorescence, histochemical) for increased expres 
sion of major histocompatibility complex antigens and/or 
costimulatory molecules (e.g., MHC class II, B7-1, B7-2). In 
addition, the magnitude of the antibody response induced by 
transcutaneous immuniZation and isotype sWitching to pre 
dominantly IgG is generally achieved With T-cell help 
(J aneWay and Travers, 1996), and activation of both Th1 and 
Th2 pathWays is suggested by the production of IgG1 and 
IgG2a (Paul and Seder, 1994; Seder and Paul, 1994). Alter 
natively, a large antibody response may be induced by a 
thymus-independent antigen type 1 (TI-1) Which directly 
activates the B cell (JaneWay and Travers, 1996) or could 
have similar activating effects on B-cells such as up-regu 
lation of MHC Class II, B7, CD40, CD25, and ICAM-1 
(Nashar et al., 1997). 
[0090] Transcutaneous immuniZation may be induced via 
the ganglioside GM 1 binding activity of CT, LT, or subunits 
such as CTB. Ganglioside GM 1 is a ubiquitous cell mem 
brane glycolipid found on all mammalian cells. When the 
pentameric CT B subunit binds to the cell surface, a hydro 
philic pore is formed Which alloWs the A subunit to insert 
across the lipid bilayer (Ribi et al., 1988). Other binding 
targets on the antigen presenting cell may be utiliZed. The 
B-subunit of LT binds to ganglioside GM 1, in addition to 
other gangliosides, and its binding activities may account for 
the fact that LT is highly immunogenic on the skin. 
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[0091] We have shown that transcutaneous immunization 
by CT or CTB may require ganglioside GMl binding 
activity. When mice are transcutaneously immunized With 
CT, CTA and CTB, only CT and CTB resulted in an immune 
response. CTA contains the ADP-ribosylating exotoxin 
activity but only CT and CTB containing the binding activity 
are able to induce an immune response indicating that the B 
subunit Was necessary and sufficient to immunize through 
the skin. We conclude that the Langerhans cell may be 
activated by CTB binding to its cell surface. 

Antigens 

[0092] A transcutaneous immunization system delivers 
agents to specialized cells (e.g., antigen presentation cell, 
lymphocyte) that produce an immune response. These 
agents as a class are called antigens. Antigen may be 
composed of chemicals such as, for example, carbohydrate, 
glycolipid, glycoprotein, lipid, lipoprotein, phospholipid, 
polypeptide, conjugates thereof, or any other material 
knoWn to induce an immune response. Antigen may be 
provided as a Whole organism such as, for example, a 
microbe (e.g., bacterium, fungus, parasite, virus), mamma 
lian cells, or virion particle; antigen may be obtained from 
an extract or lysate, either from Whole cells or membrane 
alone; or antigen may be chemically synthesized or pro 
duced by recombinant means. 

[0093] Antigen of the present invention may be expressed 
by recombinant means, preferably as a fusion With an 
affinity or epitope tag (Summers and Smith, 1987; Goeddel, 
1990; Ausubel et al., 1996); chemical synthesis of an oli 
gopeptide, either free or conjugated to carrier proteins, may 
be used to obtain antigen of the present invention (Bodan 
szky, 1993; Wisdom, 1994). Oligopeptides are considered a 
type of polypeptide. Oligopeptide lengths of 6 residues to 20 
residues are preferred. Polypeptides may also by synthesized 
as branched structures such as those disclosed in US. Pat. 

Nos. 5,229,490 and 5,390,111. Antigenic polypeptides 
include, for example, synthetic or recombinant B-cell and 
T-cell epitopes, universal T-cell epitopes, and mixed T-cell 
epitopes from one organism or disease and B-cell epitopes 
from another. Antigen obtained through recombinant means 
or peptide synthesis, as Well as antigen obtained from natural 
sources or extracts, may be puri?ed by means of the anti 
gen’s physical and chemical characteristics, preferably by 
fractionation or chromatography (Janson and Ryden, 1989; 
Deutscher, 1990; Scopes, 1993). Recombinants may com 
bine B subunits or chimeras of bAREs (Lu et al., 1997). A 
multivalent antigen formulation may be used to induce an 
immune response to more than one antigen at the same time. 
Conjugates may be used to induce an immune response to 
multiple antigens, to boost the immune response, or both. 
Additionally, toxins may be boosted by the use of toxoids, 
or toxoids boosted by the use of toxins. Transcutaneous 
immunization may be used to boost responses induced 
initially by other routes of immunization such as by oral, 
nasal or parenteral routes. Antigen includes, for example, 
toxins, toxoids, subunits thereof, or combinations thereof 
(e.g., cholera toxin, tetanus toxoid); additionally, toxins, 
toxoids, subunits thereof, or combinations thereof may act as 
antigen. Such oral/transcutaneous or transcutaneous/oral 
immunization may be especially important to enhance 
mucosal immunity in diseases Where mucosal immunity 
correlates With protection. 
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[0094] Antigen may be solubilized in an aqueous solution 
(With or Without buffer) or organic solvents (e.g., alcohols, 
ketones, DMSO), or incorporated in creams, emulsions, 
gels, lotions, ointments, pastes, and suspensions. Suitable 
buffers include, but are not limited to, phosphate buffered 
saline (PBS) Ca""/Mg++ free, normal saline (150 mM NaCl 
in Water), and Good buffers (e.g., TRIS tricine). Antigen not 
soluble in neutral buffer can be solubilized in mild base or 
acid (e. g., 10 mM acetic acid) and then diluted With a neutral 
buffer such as PBS. In the case of antigen soluble only at 
acid pH, acetate-PBS at acid pH may be used as a diluent 
after solubilization in dilute acetic acid. Glycerol may be a 
suitable non-aqueous buffer for use in the present invention. 

[0095] Hydrophobic antigen can be solubilized in a deter 
gent, for example a polypeptide containing a membrane 
spanning domain. Furthermore, for formulations containing 
liposomes, an antigen in a detergent solution (e.g., a cell 
membrane extract) may be mixed With lipids, and liposomes 
then may be formed by removal of the detergent by dilution, 
dialysis, or column chromatography. See Gregoriadis (1992, 
1993). Certain antigens such as, for example, those from a 
virus (e.g., hepatitis A) need not be soluble per se, but can 
be incorporated directly into a lipid membrane (e.g., a 
virosome as described by Morein and Simons, 1985), in a 
suspension of virion alone, or suspensions of micro-spheres 
or heat-inactivated bacteria Which may be taken up by and 
activate antigen presenting cells (e.g., opsonization). Anti 
gens may also be mixed With preservatives or stabilizers. 

[0096] Plotkin and Mortimer (1994) provide antigens 
Which can be used to vaccinate animals or humans to induce 
an immune response speci?c for particular pathogens, as 
Well as methods of preparing antigen, determining a suitable 
dose of antigen, assaying for induction of an immune 
response, and treating infection by a pathogen (e.g., bacte 
rium, fungus, parasite, or virus). 

[0097] Bacteria include, for example: anthrax, campylo 
bacter, cholera, clostridia, diphtheria, enterohemorrhagic E. 
coli, enterotoxigenic E. coli, giara'ia, gonococcus, Helico 
bacter pylori or urease produced by H. pylori (Lee and 
Chen, 1994), Hemophilus in?uenza B, Hemophilus in?u 
enza non-typable, meningococcus, mycobacterium, pertus 
sis, pneumococcus, salmonella, shigella, staphylococcus, 
Streptococcus B, Group A beta hemolytic streptococcus, 
Streptococcus mutans, tetanus, Vibrio cholera, Borrelia 
burga'or? and Yersinia; and products thereof. 

[0098] Fungi including entities responsible for tinea cor 
poris, tinea unguis, sporotrichosis, aspergillosis, candida, 
other pathogenic fungi, and products thereof. 

[0099] Parasites include, for example: Entamoeba his 
tolytica (Zhang et al., 1995); Plasmoa'ium (Bathurst et al., 
1993; Chang et al., 1989, 1992, 1994; Fries et al., 1992a, 
1992b; Herrington et al., 1991; Khusmith et al., 1991; Malik 
et al., 1991; Migliorini et al., 1993; Pessi et al., 1991; Tam, 
1988; Vreden et al., 1991; White et al., 1993; Wiesmueller 
et al., 1991), Leishmania (Frankenburg et al., 1996), and the 
Helminthes; and products thereof. 

[0100] Viruses include, for example: adenovirus, dengue 
serotypes 1 to 4 (Delenda et al., 1994; Fonseca et al., 1994; 
Smucny et al., 1995), ebola (Jahrling et al., 1996), enterovi 
rus, hanta virus, hepatitis serotypes A to E (Blum, 1995; 
Katkov, 1996; Lieberman and Greenberg, 1996; Mast and 
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KraWcZynski, 1996; Shafara et al., 1995; Smedile et al., 
1994; Us. Pat. Nos. 5,314,808 and 5,436,126), herpes 
simplex virus 1 or 2, human immuno-de?ciency virus 
(DepreZ et al., 1996), human papilloma virus, in?uenza, 
measles, NorWalk, Japanese equine encephalitis, papilloma 
virus, parvovirus B 19, polio, rabies, respiratory syncytial 
virus, rotavirus, rubella, rubeola, St. Louis encephalitis, 
vaccinia, viral expression vectors containing genes coding 
for other antigens such as malaria antigens, varicella, and 
yelloW fever; and products thereof. 

[0101] Of particular interest are pathogens that enter on or 
through a mucosal surface such as, for example, pathogenic 
species in the bacterial genera Actinomyces, Aeromonas, 
Bacillus, Bacteroides, Bordetella, Brucella, Campylobacter; 
Capnocytophaga, Clamydia, Clostridium, Corynebacte 
rium, Eikenella, Erysipelothrix, Escherichia, Fusobacte 
rium, Hemophilus, Klebsiella, Legionella, Leptospira, List 
eria, Mycobacterium, Mycoplasma, Neisseria, Nocardia, 
Pasteurella, Proteus, Pseudomonas, Rickettsia, Salmonella, 
Selenomonas, Shigella, Staphylococcus, Streptococcus, T re 
ponema, Wbrio, and Versinia; pathogenic viral strains from 
the groups Adenovirus, Coronavirus, Herpesvirus, Orth 
omyxovirus, Picomovirus, Poxvirus, Reovirus, Retrovirus, 
Rotavirus; pathogenic fungi from the genera Aspergillus, 
Blastomyces, Candida, Coccidiodes, Cryptococcus, Histo 
plasma and Phycomyces; and pathogenic parasites in the 
genera Eimeria, Entamoeba, Giardia, and Trichomonas. 

[0102] Other viruses Which can be used in the present 
invention (and diseases associated With viral infection) are 
disclosed in Gordon (1997) and include, for example, Aden 
ovirus (respiratory disease), Coronavirus (respiratory and 
enteric disease), Cytomegalovirus (mononucleosis), Dengue 
virus (dengue fever, shock syndrome), Epstein-Barr virus 
(mononucleosis, Burkitt’s lymphoma), Hepatitis A, B and C 
virus (liver disease), Herpes simplex virus type 1 (encepha 
litis, stomatitis), Herpes simplex virus type 2 (genital 
lesions), Human herpesvirus-6 (unknown, possibly Kaposi’s 
sarcoma), Human immunode?ciency virus types 1 and 2 
(acquired immunode?ciency syndrome-AIDS), Human 
T-cell lymphotropic virus type 1 (T-cell leukemia), In?uenza 
A, B, and C (respiratory disease), Japanese encephalitis 
virus (pneumonia, encephalopathy), Measles virus (subacute 
sclerosing panencephalitis), Mumps virus (meningitis, 
encephalitis), Papillomavirus (Warts, cervical carcinoma), 
Parvovirus (respiratory disease, anemia), Poliovirus (paraly 
sis), Polyomavirus JC (multifocal leukoencephalopathy), 
Polyomavirus BK (hemorrhagic cystitis), Rabies virus 
(nerve dysfunction), Respiratory syncytial virus (respiratory 
disease), Rhinovirus (common cold), Rotavirus (diarrhea), 
Rubella virus (fetal malformations), Vaccinia virus (gener 
aliZed infection), YelloW fever virus jaundice, renal and 
hepatic failure), Varicella Zoster virus (chickenpox). 

[0103] Other bacteria Which can be used in the present 
invention (and diseases associated With bacterial infection) 
are disclosed in Gordon (1997) and include, for example, 
Bacillus anthracis (anthrax), Bordetella pertussis (Whoop 
ing cough), Borrelia burgdorferi (lyme disease), Campylo 
bacter jejuni (gastroenteritis), Chlamydia trachomatis (pel 
vic in?ammatory disease, blindness), C lostridium botulinum 
(botulism), Corynebacterium dipththeriae (diphtheria), 
Escherichia coli (diarrhea, urinary tract infections), Haemo 
philus in?uenzae (pneumonia), Helicobacter pylori (gastri 
tis, duodenal ulcer), Legionella pneumophila (Legionnaires’ 
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disease), Listeria monocytogenes (meningitis, sepsis), 
Mycobacterium leprae (leprosy), Mycobacterium tubercu 
losis (tuberculosis), Neisseria gonorrhoeae (gonorrhea), 
Neisseria meningitidis (sepsis, meningitis), Pseudomonas 
aeruginosa (nosocomial infections), Pseudomonas aerugi 
nosa (nosocomial infections), Rickettsia (Rocky Mountain 
spotted fever), Salmonella (typhoid fever, gastroenteritis), 
Shigella (dysentery), Staphylococcus aureus (impetigo, 
toxic shock syndrome), Streptococcus pneumoniae (pneu 
monia, otitis media), Streptococcus pyogenes (Rheumatic 
fever, pharyngitis), Treponema pallidum (syphilis), Vibrio 
cholerae (cholera), Yersinia pestis (bubonic plague). 
[0104] Other parasites Which can be used in the present 
invention (and diseases associated With parasitic infection) 
are disclosed in Gordon (1997) and include, for example, 
African trypanosomes (trypanosomiasis), Entamoeba his 
tolytica (amebic dysentery), Giardia lamblia (diarrheal dis 
ease), Leishmania (lesions of the spleen, tropical sores), 
Plasmodium (malaria), Micro?lariae (?lariasis), Schisto 
somes (schistosomiasis), Toxoplasma gondii (toxoplasmo 
sis), Trichomonas vaginalis (vaginitis), Trypanosoma cruzi 
(Chagas disease). 
[0105] Other fungi Which can be used in the present 
invention (and diseases associated With fungal infection) are 
disclosed in Gordon (1997) and include, for example, Can 
dida albicans (mucosal infections), Histoplasma (lung, 
lymph node infections), Pneumocystis carinii (pneumonia in 
AIDS), Aspergillus fumigatis (aspergillosis). 
Adjuvants 

[0106] The formulation does not contain a heterologous 
adjuvant, although a single molecule of the formulation may 
contain both adjuvant and antigen activities (e.g., cholera 
toxin) (Elson and DertZbaugh, 1994). Adjuvants are sub 
stances that are used to speci?cally or non-speci?cally 
potentiate an antigen-speci?c immune response. Usually, 
components of the formulation are mixed prior to presen 
tation of the antigen but, alternatively, they may be sepa 
rately administered Within a short interval of time or at 
different sites. 

[0107] Adjuvants include, for example, an oil-in-Water 
(O/W) or Water-in-oil (W/O) emulsion; chemokines (e.g., 
defensins 1 and 2, RANTES, MIP1-o1, MIP-2, interleukin 
8); cytokines (e.g., interleukin-1B, -2, -6, -10 or -12; inter 
feron alpha, interferon gamma, tumor necrosis factor-o1; 
granulocyte-monocyte colony stimulating factor (GM 
CSF); revieWed in Nohria and Rubin, 1994); groWth/differ 
entiation factors; muramyl dipeptide (MDP), muramyl trip 
eptide (MTP), or derivatives thereof (e.g., murabutide, 
threonyl MDP (SAF-1), butyl-ester MDP, dipalmitoyl phos 
phatidylethanoamine MTP); a heat shock protein or deriva 
tive thereof; a derivative of Leishmania major LeIF (Skeiky 
et al., 1995); cholera toxin or cholera toxin B; recombinants 
containing the B subunit of CT, LT or other bAREs; 
lipopolysaccharides (LPS) or derivatives thereof (e.g., lipid 
A or monophosphoryl lipid A), superantigens (Saloga et al., 
1996b); and saponins or derivatives thereof (NeWman et al., 
1997). Other adjuvants include nonionic block copolymers; 
virosomes; ISCOMS; dimethyl diotadecyl ammonium bro 
mide (DDA); trehelose dimycolate; pyridine; vitamins A 
and/or E; bacterial products such as cell Wall skeletal 
products of mycobacterium; Klebsiella pneumonia glyco 
protein; Bordetella pertussis, Bacillus Calmette-Guerin 
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(BCG), Corynebacterium parvum, or puri?ed components 
thereof (e.g., lipopolysaccharide); 1,25 dihydroxy vitamin 
D3; human growth hormone, polyanions (e.g., dextran); 
double-stranded polynucleotide (e.g., poly dI-dC); polym 
ethylmethacrylate, acryllic acid cross linked With allyl 
sucrose, CGP-11637; gamma inulin plus aluminum; lyso 
phosphatidyl glycerol; stearyl tyrosine; and tripalmitoyl 
pentapeptide. Also, see Richards et al. (1995) for other 
adjuvants useful in immuniZation. 

[0108] Carriers such as hepatitis core, fatty acids, bento 
nite, keyhole limpet hemocyanin; living vectors such as 
vaccinia, canarypox, adenovirus, attenuated salmonella, 
BCG, foWlpox virus, herpes simplex virus, polio vaccine 
virus, rhinovirus, VeneZualan equinine encephalitis, Yersinia 
enterocolitica, Listeria monocytogenes, Shigella, Strepto 
coccus gordonni, Saccharomyces cerevisiae; biodegradable 
microspheres including lactide and glycolide, polyphaZenes, 
beta-glucan, and proteinoids may be used. 

[0109] An adjuvant may preferentially induce antibody or 
cellular effectors, speci?c antibody isotypes (e. g., IgM, IgD, 
IgA1, IgA2, secretory IgA, IgE, IgG1, IgG2, IgG3, and/or 
IgG4), or speci?c T-cell subsets (e. g., CTL, Th1, Th2 and/or 
TDTH) (see, for example, MunoZ et al., 1990; Glenn et al., 
1995). 
[0110] CpGs are among a class of structures Which have 
patterns alloWing the immune system to recogniZe their 
pathogenic origins to stimulate the innate immune response 
leading to adaptive immune responses (MedZhitov and J an 
eWay, 1997). These structures have been called pathogen 
associated molecular patterns (PAMPs): lipopolysaccha 
rides, teichoic acids, unmethylated CpG motifs, double 
stranded RNA, and mannins. 

[0111] PAMPs induce endogenous signals that can medi 
ate the in?ammatory response, act as costimulators of T-cell 
function and control the effector function. The ability of 
PAMPs to induce these responses play a role in their 
potential as adjuvants. Their targets are antigen presenting 
cells (APCs) such as macrophages and dendritic cells. APCs 
of the skin could likeWise be stimulated by PAMPs trans 
mitted through the skin. For example, Langerhans cells, a 
type of dendritic cell, could be activated by a PAMP in 
solution on the skin With a transcutaneously poorly immu 
nogenic molecule and be induced to migrate and present this 
poorly immunogenic molecule to T-cells in the lymph node, 
inducing an antibody response to the poorly immunogenic 
molecule. PAMPs could also be used in conjunction With 
other skin adjuvants such as cholera toxin to induce different 
co-stimulatory molecules and control different effector func 
tions to guide the immune response, for example from a Th2 
to a Th1 response. 

[0112] Cholera toxin is a bacterial exotoxin from the 
family of ADP-ribsoylating exotoxins (referred to as 
bAREs). Most bAREs are organiZed as A:B dimer With a 
binding B subunit and an A subunit containing the ADP 
ribosyltransferase. Such toxins include diphtheria, 
Pseudomonas exotoxin A, cholera toxin (CT), E. coli heat 
labile enterotoxin (LT), pertussis toxin, C. botulinum toxin 
C2, C. botulinum toxin C3, C. limosum exoenZyme, B. 
cereas exoenZyme, Pseadomonas exotoxin S, Staphylococ 
cus aureus EDIN, and B. sphaericus toxins. 

[0113] Cholera toxin is an example of a bARE that is 
organiZed With A and B subunits. The B subunit is the 

Jan. 5, 2006 

binding subunit and consists of a B-subunit pentamer Which 
is noncovalently bound to the A subunit. The B-subunit 
pentamer is arranged in a symmetrical doughnut-shaped 
structure that binds to GM1-ganglioside on the target cell. 
The Asubunit serves to ADP ribosylate the alpha subunit of 
a subset of the hetero trimeric GTP proteins (G proteins) 
including the Gs protein Which results in the elevated 
intracellular levels of cyclic AMP. This stimulates release of 
ions and ?uid from intestinal cells in the case of cholera. 

[0114] Cholera toxin (CT) and its B subunit (CTB) have 
adjuvant properties When used as either an intramuscular or 
oral immunogen (Elson and DertZbaugh, 1994; Trach et al., 
1997). Another antigen, heat-labile enterotoxin from E. coli 
(LT) is 75-77% homologous at the amino acid level With CT 
and possesses similar binding properties; it also appears to 
bind the GM1-ganglioside receptor in the gut and has similar 
ADP-ribosylating exotoxin activities. Another bARE, 
Pseudomonas exotoxin A (ETA), binds to the a2-macroglo 
bulin receptor-loW density lipoprotein receptor-related pro 
tein (Kounnas et al., 1992). bAREs are revieWed by Krueger 
and Barbieri (1995). CT, CTB, LT, ETA and PT, despite 
having different cellular binding sites, are potent adjuvants 
for transcutaneous immuniZation, inducing high levels of 
IgG antibodies but not IgE antibodies. CTB Without CT can 
also induce high levels of IgG antibodies. Thus, both bAREs 
and a derivative thereof can effectively immuniZe When 
epicutaneously applied to the skin in a simple solution. 

[0115] When an adjuvant such as CT is mixed With BSA, 
a protein not usually immunogenic When applied to the skin, 
anti-BSA antibodies are induced. An immune response to 
diphtheria toxoid Was induced using pertussis toxin as 
adjuvant, but not With diphtheria toxoid alone. Native LT as 
an adjuvant and antigen, hoWever, is clearly not as potent as 
native CT. But activated bAREs can act as adjuvants for 
non-immunogenic proteins in an transcutaneous immuniZa 
tion system. Thus, therapeutic immuniZation With an antigen 
for the organism such as HIV, HPV, or leishmania could be 
used separately or in conjunction With immunostimulation 
of the infected antigen presenting cell to induce a therapeutic 
immuniZation. 

[0116] CT can also act as an adjuvant to induce antigen 
speci?c CTLs through transcutaneous immuniZation. The 
bARE adjuvant may be chemically conjugated to other 
antigens including, for example, carbohydrates, polypep 
tides, glycolipids, and glycoprotein antigens. Chemical con 
jugation With toxins, their subunits, or toxoids With these 
antigens Would be expected to enhance the immune response 
to these antigens When applied epicutaneously. To overcome 
the problem of the toxicity of the toxins, (e.g., diphtheria 
toxin is knoWn to be so toxic that one molecule can kill a 
cell) and to overcome the dif?culty of Working With such 
potent toxins as tetanus, several Workers have taken a 
recombinant approach to producing genetically altered tox 
oids. This is based on inactivating the catalytic activity of the 
ADP-ribosyl transferase by genetic deletion. These toxins 
retain the binding capabilities, but lack the toxicity, of the 
natural toxins. This approach is described by Burnette et al. 
(1994), Rappuoli et al. (1995), Dickinson and Clements 
(1995), and Rappuoli et al. (1996). Such genetically tox 
oided exotoxins could be useful for transcutaneous immu 
niZation system in that they Would not create a safety 
concern as the toxoids Would not be considered toxic. 
Additionally, several techniques exist to chemically toxoid 
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toxins Which can address the same problem (Schneerson et 
al., 1996). These techniques could be important for certain 
applications, especially pediatric applications, in Which 
ingested toxin (e.g., diphtheria toxin) might possibly create 
adverse reactions. 

[0117] Optionally, an activator of the Langerhans cell may 
be used as an adjuvant. Examples of such activators include: 
an inducer of heat shock protein; contact sensitiZer (e.g., 
trinitrochlorobenZene, dinitro?uorobenZene, nitrogen mus 
tard, pentadecylcatechol); toxin (e.g., Shiga toxin, Staph 
enterotoxin B); lipopolysaccharides, lipid A, or derivatives 
and analogs thereof; bacterial DNA (Stacey et al., 1996); 
cytokine (e.g., tumor necrosis factor-0t, interleukin-1B, -10, 
-12); members of the TGFB family; calcium ions in solution; 
calcium ionophores, and chemokine (e.g., defensins 1 and 2, 
RANTES, MIP-lot, MIP-2, interleukin-8). 
[0118] If an immuniZing antigen has suf?cient Langerhans 
cell activating capabilities then a separate adjuvant may not 
be required, as in the case of CT Which is both antigen and 
adjuvant. Whole cell preparations, live pathogens, attenu 
ated pathogens, inactivated pathogens, recombinant patho 
gens, DNA plasmids, and bacterial DNA may also be used 
to immuniZe transcutaneously. It may be possible to use loW 
concentrations of contact sensitiZers or other activators of 
Langerhans cells to induce an immune response Without 
inducing skin lesions. 

[0119] For example, components of the formulation such 
as LT may be activated using proteolytic (e.g., trypsin) or 
similar modi?cations prior to application the skin to enhance 
the adjuvant activity and immunogenicity of LT. Activation 
of LT could also be expected to enhance the immune 
response to LT as an antigen. The activated adjuvant for 
transcutaneous immuniZation is preferably an ADP-ribosy 
lating exotoxin. Optionally, hydration or occlusive dressings 
may be used in the transcutaneous delivery system in 
addition to the activation of the adjuvant. 

[0120] In addition, LT has an unusual af?nity for carbo 
hydrate-containing matrices. Speci?cally, LT binds to an 
array of biological molecules containing galactose, includ 
ing glycoproteins and lipopolysaccharides. This lectin-like 
binding property of LT results in a broader receptor distri 
bution on mammalian cells for LT than for CT, Which binds 
only to GM 1. The tWo molecules also have many immu 
nologic differences, as demonstrated by immunodiffusion 
studies, against LT-associated E. coli diarrhea in volunteers 
receiving B-subunit Whole Whole-cell cholera vaccine. LT 
and CT induce different helper T-cell responses. When used 
as a mucosal adjuvant, CT selectively induces in some cases 
Th2-type cells in Peyers patches and spleens as manifested 
by production of interleukins 4 and 5, but not interleukin 2 
or gamma interferon; While LT induces both Th1 and Th2 
cells and predominantly antigen-speci?c IgA responses. 
Taken together, these ?ndings demonstrate that LT and CT 
are unique molecules, despite their apparent structural simi 
larities. Such differential behavior makes the ability to 
activate LT so that it has potency similar to CT useful in 
manipulating the type of immune response produced to both 
the toxin itself and to antigens for Which LT can be used as 
an adjuvant. It may also be possible that genetically altered 
toxoids such as mutants of the trypsin cleavage site may be 
active by transcutaneous immuniZation. Such a mutant toxin 
may be useful as it avoids the risks associated With ingestion 
or inhalation of native toxins. 
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[0121] In a similar manner, PT may be activated to 
enhance its adjuvant and antigen activities. The S1 subunit 
of the hexameric PT protein contains the ADP-ribosyltrans 
ferase activity While the remaining subunits constitute the B 
domain. Similar to LT, PT has both trypsin cleavage sites 
and disulphide bonding sites that play a role in association 
of the S1 subunit With the B oligomer. It is conceivable that 
activation by trypsin cleavage, disruption of a disulphide 
bond, or both may enhance the adjuvant and antigen activi 
ties of PT in the context of transcutaneous immuniZation. 
Activation may also take the form of targeting, achieved by 
disruption of the hexamer into subunits. For example, the PT 
subunit S3 appears to bind exclusively to the glycolipids of 
monocytes and could be used to target Langerhans cells in 
the skin. 

[0122] Activation of the antigen or adjuvant could be 
extended to the concept of transcutaneous immuniZation 
using DNA by production of a fusion protein comprised of 
antigen and adjuvant domains. By this method a plasmid 
encoding an ADP-ribosylating exotoxin such as CT or LT 
and constructed to express a separate antigen such as a 
malaria or HIV antigen simultaneously could be placed on 
the skin in a hydrating solution or occlusive patch, and then 
taken up by Langerhans cells. Expression of the an ADP 
ribosylating exotoxin component of the fusions protein such 
as CT or LT could activate the Langerhans cell, causing it to 
migrate and present antigen in the lymph node and therby 
induce an immune response to the encoded antigen. Another 
embodiment could include the conjugation of an adjuvant 
With a plasmid; an Fc portion of IgG to a plasmid to target 
APCs. A similar immuniZation could be achieved using 
separate plasmids for expressing an ADP-ribosylating exo 
toxin such as CT or LT and another for expressing the 
antigen such as a malaria or IUV antigen. It is conceivable 
that multiple genes on a single construct for multiple anti 
gens could be used or multiple plasmids could be used to 
simultaneously deliver antigens for multivalent immuniZa 
tion. Plasmids encoding other molecules or compounds such 
as chemokines (e.g., defensins 1 or 2, RANTES, MIPl-ot, 
MIP-2, interleukin-8) or cytokines (e.g., interleukin-1B, -2, 
-6, -10, -12; y-interferon; tumor necrosis factor-0t; or granu 
locyte-monocyte colony stimulating factor), heat shock pro 
teins or derivatives, derivatives of Leishmania major LeIF, 
cholera toxin B, lipopolysaccharide (LPS) derivatives (e.g., 
lipid A, monophosphoryl lipid A), superantigens, or other 
ADP-ribosylating exotoxins might be delivered With the 
antigen. 

[0123] Other means of activating the transcutaneous adju 
vants may be effective, such as adding surfactants and/or 
phospholipids to the formulation to enhance adjuvant activ 
ity of ADP-ribosylating exotoxin by ADP-ribosylation fac 
tor (see Spangler, 1992). Optionally, one or more ADP 
ribosylation factors (ARFs) may be used to enhance the 
adjuvanticity of CT (e.g., ARFl, ARF2, ARF3, ARF4, 
ARFS, ARF6, ARDl; see Moss and Vaughan, 1995). Simi 
larly, one or more ARFs could be used With an ADP 
ribosylating exotoxin to enhance its adjuvant activity. 

[0124] For immuniZation using adjuvant or antigen acti 
vation, modi?cation of the adjuvant or antigen component of 
the formulation may reduce its effectiveness in oral, 
parenteral, or enteral immuniZation Without destroying the 
utility of the formulation in transcutaneous immuniZation 
When the adjuvant and/or antigen is activated. Undesirable 
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properties (e.g., toxicity, allergic reactivity, other harmful 
side effects) of the adjuvant or antigen in the formulation 
may be reduced by modi?cation Without destroying its 
effectiveness in transcutaneous immuniZation. Activation of 
such modi?ed adjuvant or antigen may involve, for example, 
removal of a reversible chemical modi?cation (e.g., pro 
teolysis) or a coating Which reversibly isolates a component 
of the formulation from the immune system (i.e., an encap 
sulated formulation). Alternatively, the adjuvant and/or anti 
gen comprising the formulation may be encapsulated in a 
particle (e.g., microspheres, nanoparticles). Phagocytosis of 
a particle may, by itself, enhance activation of an antigen 
presenting cell by upregulating expression of major histo 
compatibility antigens and/or co-stimulatory molecules 
(e.g., MHC class II, B7-2). 

Formulations 

[0125] Processes for manufacturing a pharmaceutical for 
mulation are Well knoWn. See generally, Ullmann ’s Ency 
clopedia of Industrial Chemistry, 6th Ed. (electronic edition, 
1998); Remington ’s Pharmaceutical Sciences, 22Dd 
(Gennaro, 1990, Mack Publishing); Pharmaceutical Dosage 
Forms, 2nd Ed. (various editors, 1989-1998, Marcel Dek 
ker); and Pharmaceutical Dosage Forms and Drug Delivery 
Systems (Ansel et al., 1994, Williams & Wilkins). Such 
formulations Will contain an effective amount of the antigen 
and/or polynucleotide encoding antigen—some of Which 
may be in a complex or together With a penetration enhancer, 
targeting molecule for antigen presenting cells, and/or endo 
somolytic agent—in a suitable amount of vehicle to prepare 
pharmaceutically acceptable compositions suitable for 
administration to a human or animal. The formulation may 

be applied in the form of an cream, emulsion, gel, lotion, 
ointment, paste, solution, suspension, or other liquid forms 
knoWn in the art. In particular, formulations that enhance 
skin hydration are preferred. Solid dosage form (e.g., poW 
ders, granules, pellets, tablets) may also be used. 

[0126] The components of the formulation (i.e., antigen, 
polynucleotide encoding antigen, agents that form a com 
plex of at least antigen, agents that stabiliZe the formed 
complex, penetration enhancers, targeting molecules, endo 
somolytic agents) may be combined With a pharmaceuti 
cally-acceptable carrier or vehicle, as Well as any combina 
tion of optional additives (e.g., binders, colorings, diluents, 
excipients, stabiliZers, preservatives). The terms “consisting 
essentially” or “consists essentially” as used in the claimed 
invention refers to active ingredients that contribute to 
inducing or enhancing the immune response, in contrast to 
the aforementioned optional additives. Use of stabiliZers of 
antigen activity, adjuvant activity in the antigen molecule, 
the complex that is formed, and combinations thereof are 
preferred embodiments. 

[0127] Good manufacturing practices are knoWn in the 
pharmaceutical industry and regulated by government agen 
cies (e.g., Food and Drug Administration) for vaccines and 
related biologicals. Sterile liquid formulations may be pre 
pared by dissolving an intended component of the formu 
lation in a suf?cient amount of an appropriate solvent, 
folloWed by steriliZation by ?ltration to remove contaminat 
ing microbes. Suspensions are prepared by incorporating the 
steriliZed components of the formulation, at least some of 
Which is insoluble, into a sterile vehicle or carrier. For 
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production of solid forms that are required to be sterile, 
preferred preparation methods are vacuum drying and freeZe 
drying. 
[0128] The production of patches and other medical 
devices to deliver pharmaceuticals are also knoWn. In gen 
eral, single dose packaging (i.e., a unit dose) in a container 
for aseptic storage and safe transportation is preferred. The 
siZe of each dose and the interval of dosing to the subject 
may be used to determine a suitable siZe and shape of a 
container, chamber of the patch, or compartment of the 
medical device. 

[0129] Formulations Will contain an effective amount of 
the active ingredients together With a suitable amount of 
carrier or vehicle in order to provide pharmaceutically 
acceptable compositions suitable for administration to a 
human or animal. The relative amounts of active ingredients 
Within a dose and the dosing schedule may be adjusted 
appropriately for efficacious administration to a subject 
(e.g., animal or human). This adjustment may also depend 
on the subject’s particular disease or condition, and Whether 
treatment or prophylaxis is intended. Side effects (e.g., 
reactogenicity) may be reduced by using a loWer, but still 
effective, amount of the component of the formulation. 
Alternatively, some side effects might be tolerated because 
of the overall bene?t to health. 

[0130] There are numerous causes of polypeptide insta 
bility or degradation, including hydrolysis and denaturation. 
In the case of denaturation, the conformation or three 
dimensional structure of the protein is disturbed and the 
protein unfolds from its usual globular structure. Rather than 
refolding to its natural conformation, hydrophobic interac 
tion may cause clumping of molecules together (i.e., aggre 
gation) or refolding to an unnatural conformation. Either of 
these results may entail diminution or loss of antigen activ 
ity. StabiliZers may be added to the formulation to lessen or 
prevent such problems during reconstitution prior to or 
solubiliZation after application to the skin. 

[0131] The formulation, or any intermediate in its produc 
tion, may be pretreated With protective agents (e.g., cryo 
protectants) and then subjected to cooling rates and ?nal 
temperatures that minimiZe ice crystal formation. By proper 
selection of cryoprotective agents and use of pre-selected 
freeZing parameters, almost any formulation might be froZen 
and stored for a desired end use. 

[0132] The transcutaneous immuniZation system may be 
applied directly on the skin and alloWed to air dry; rubbed 
into the skin or scalp (i.e., massaging); placed on the ear, 
inguinal, or intertriginous regions, especially for animals 
With skin that is not readily accessible or to limit self 
grooming; held in place With a dressing, patch, or absorbent 
material; applied by bathing an exposed skin surface or 
immersing a body part; otherWise held in place by a device 
such as a stocking, slipper, glove, or shirt; or sprayed onto 
the skin to maximiZe contact With the skin. The formulation 
may be applied in an absorbent dressing or gauZe. The 
formulation may be covered With an occlusive dressing such 
as, for example, AQUAPHOR (an emulsion of petrolatum, 
mineral oil, mineral Wax, Wool Wax, panthenol, bisabol, and 
glycerin from Beiersdorf), COMFEEL (Coloplast), plastic 
?lm, or vaseline; or a non-occlusive dressing such as, for 
example, DUODERM (3M), OPSITE (Smith & Napheu), or 
TEGADERM (3M). An occlusive dressing excludes the 
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passage of Water. The formulation may be applied to single 
or multiple sites, single or multiple limbs, or large surface 
areas of the skin by bathing or immersion in a container. The 
formulation may be applied directly to the skin. One or more 
components of the formulation may be provided in dry form. 

Transcutaneous Delivery of Antigen 

[0133] Ef?cient immuniZation can be achieved With the 
present invention because transcutaneous delivery of anti 
gen may target the Langerhans cell. These cells are found in 
abundance in the skin and are ef?cient antigen presenting 
cells leading to T-cell memory and potent immune 
responses. Because of the presence of large numbers of 
Langerhans cells in the skin, the efficiency of transcutaneous 
delivery may be related to the surface area exposed to 
antigen. In fact, the reason that transcutaneous immuniZation 
is so ef?cient may be that it targets a larger number of these 
ef?cient antigen presenting cells than intramuscular immu 
niZation. 

[0134] We envision the present invention Will enhance 
access to immuniZation, While inducing a potent immune 
response. Because transcutaneous immuniZation does not 
require injection With a hypodermic needle (i.e., penetration 
to or through the dermis) and the complications and dif? 
culties thereof, the usual requirements of trained personnel, 
sterile technique, and sterile equipment are reduced. Fur 
thermore, the barriers to immuniZation at multiple sites or to 
multiple immuniZations are diminished. ImmuniZation by a 
single application of the formulation is also envisioned, 
especially to achieve some degree of immunoprotection. 

[0135] ImmuniZation may be achieved using epicutaneous 
application of a simple solution of antigen and/or polynucle 
otide encoding antigen impregnated in gauZe under an 
occlusive patch, or by using other patch technologies; a 
medical device that delivers pharmaceuticals to a limited 
depth beloW the stratum corneum (i.e., above the dermis, in 
the epidermis, or above the epidermis); bathing or immer 
sion, rubbing or massaging, painting, spraying, and Wetting 
or Wiping are other possible methods of application. Immu 
niZation could be performed by untrained personnel, and is 
even amenable to self-application. Large-scale ?eld immu 
niZation could occur given the easy accessibility to immu 
niZation. Additionally, a simple immuniZation procedure 
Would improve access to immuniZation by pediatric patients 
and the elderly, and populations in Third World countries. 

[0136] Super?cial penetration of the stratum corneum may 
involve physical or chemical penetration. Physical methods 
include removing an adhesive strip from the skin (i.e., tape 
stripping); inserting a microneedle above or in the epider 
mis, but not past into the dermis; rubbing the skin With 
abrasive material; or shooting a projectile With a pneumatic 
gun above or in the epidermis, but not past the dermis. 
Chemicals that may be used are mild acid or alkaline 
compounds, detergents, keratinolytic agents, and surfac 
tants. 

[0137] Increasing hydration of the stratum corneum Will 
increase the rate of percutaneous absorption of a given 
solute (Roberts and Walker, 1993). As used in the present 
invention, penetration enhancer does not include substances 
such as, for example: Water, physiological buffers, and saline 
solutions Which Would not perforate the skin. An object of 
the present invention is to both utiliZe the novel means for 
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immuniZation through intact skin Without the need for 
perforating the skin, or to use chemical/physical permeation 
enhancers or micropenetration through the stratum corneum, 
to bring antigen in contact With antigen presenting cells 
(APCs). The transcutaneous immuniZation system provides 
a method Whereby antigen and/or polynucleotide encoding 
antigen can be delivered to the immune system, especially 
specialiZed APCs underlying the skin (e.g., Langerhans 
cells). 
[0138] Moreover, transcutaneous immuniZation may be 
superior to immuniZation using needles as more immune 
cells Would be targeted by the use of several locations 
targeting large surface areas of skin. Atherapeutically effec 
tive amount of antigen sufficient to induce an immune 
response may be delivered transcutaneously either at a 
single cutaneous location, or over an area of intact skin 
covering multiple draining lymph node ?elds (e.g., cervical, 
axillary, inguinal, epitrochelear, popliteal, those of the abdo 
men and thorax). Such locations close to numerous different 
lymphatic nodes at locations all over the body Will provide 
a more Widespread stimulus to the immune system than 
When a small amount of antigen is injected at a single 
location by intradermal subcutaneous or intramuscular 
injection. 

[0139] Antigen passing through or into the skin may 
encounter antigen presenting cells Which process the antigen 
in a Way that induces an immune response. Multiple immu 
niZation sites may recruit a greater number of antigen 
presenting cells and the larger population of antigen pre 
senting cells that Were recruited Would result in greater 
induction of the immune response. It is conceivable that 
absorption through the skin may deliver antigen to phago 
cytic cells of the skin such as, for example, dermal dendritic 
cells, macrophages, and other skin antigen presenting cells; 
antigen may also be delivered to phagocytic cells of the 
liver, spleen, and bone marroW and cells of the reticulen 
dothelial system that are knoWn to serve as the antigen 
presenting cells through the blood stream or lymphatic 
system. 

[0140] Antigen present cells may be speci?cally targeted 
using receptors and other cell-surface molecules expressed 
thereon by forming complexes of at least one component of 
the formulation With a ligand and/or other speci?c binder of 
the cell-surface molecule, respectively. Such a component 
Would target the complex to an antigen presenting cell and 
be considered a heterologous molecule of the complex. 

[0141] Genetic immuniZation has been described in US. 
Pat. Nos. 5,589,466, 5,593,972, 5,679,647, 5,697,901, 
5,804,566, 5,830,877, and 5,849,719. The polynucleotide(s) 
contained in the formulation may encode the antigen, pen 
etration enhancer, targeting molecule, endosomo-lytic agent, 
or combinations thereof. Coding sequences may be operably 
linked to another coding sequence to form a fusion protein. 
Thus, if antigen and another non-heterologous adjuvant 
sequences are provided on a single polynucleotide, they may 
be encoded by tWo separate sequences, a fused sequence(s), 
or even a single sequence encoding a single polypeptide 
(e.g., cholera toxin). The polynucleotide may or may not be 
capable of replication; it may be non-integrating and non 
infectious. The polynucleotide may further comprise a regu 
latory region (e.g., promoter, enhancer, silencer, transcrip 
tion initiation and termination signals, RNA splice acceptor 














































































