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ABSTRACT 

A transcutaneous immunization system Where the topical 
application of an adjuvant and an antigen or nucleic acid 
encoding for an antigen, to intact skin induces a systemic or 
mucosol antibody response. The immune response so elicited 
can be enhanced by physical or chemical skin penetration 
enhancement. 
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USE OF PENETRATION ENHANCERS AND 
BARRIER DISRUPTION METHODS TO 

ENHANCE THE IMMUNE RESPONSE OF AN 
ANTIGEN 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] The invention relates to transcutaneous immuniza 
tion using an ADP-ribosylating exotoxin or other adjuvants 
With an antigen, and the use of penetration enhancers and 
barrier disruption agents to enhance the immune response. 
The invention also relates to activation of the antigen, adju 
vant, their targets in the skin, or a combination thereof to 
enhance the antigen-speci?c immune response induced 
thereto. 
[0003] 2. Description of the Related Art 
[0004] Skin, the largest organ of the human body, is an 
important part of the body’s defense against invasion by 
infectious agents and contact With noxious chemicals (see 
Bos, 1997). UnWanted skin reactions such as allergic or 
atopic dermatitis are knoWn, but induction of a systemic 
immune response by application of an adjuvant and antigen 
Which elicits speci?c immune effectors and provides a thera 
peutic advantage by simple application of adjuvant and anti 
gen to skin does not appear to have been taught or suggested 
prior to our invention. 
[0005] Cholera toxin (CT) and heat labile interotoxin from 
E. coli (LT) are examples of a noxious chemical, Which one 
Would have expected the protective layers of skin to protect 
against penetration by the noxius substances. Craig (1965) 
reported that stool ?ltrates of cholera patients injected intra 
cutaneously into rabbits or guinea pigs produced a character 
istic delayed, sustained edematous induration (sWelling), 
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. Thus, one could have reasonably 
expected that CT Would be extremely reactogenic When 
placed on the skin, if it Were to enter the skin, causing similar 
redness and sWelling. The Craig test injecting CT into the 
skin, became a standard measurement for the presence and 
amount of CT in stool ?ltrates or culture media. Data con 
?rmed that this skin reactivity Was due to cholera toxin (see 
Finkelstein and LoSpallutto, 1969). 
[0006] 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 su?icient concentration”. The extreme reac 
togenicity of cholera toxin in the skin Was used as a test for its 
toxicity and the prior art evidenced an expectation that chol 
era toxin Would be reactogenic if applied to the skin, produc 
ing an undesirable reaction. Such adverse reactions have been 
Well documented by knoWn authorities in the ?eld (Craig, 
1 972). 
[0007] 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 systemic 
side effects. This lack of reactogenicity When cholera toxin 
Was placed on the skin for transcutaneous immunization Was 
surprising and contradicted conclusions one Would have 
draWn from the prior art. Speci?cally, CT placed on the skin 
according to our invention acts as a non-toxic, non-reactoge 
nic adjuvant, in contrast to the expectations of Craig, While 
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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 or alloW adjuvants 
applied topically Would be useful for transcutaneous immu 
nization. In fact large doses of heat labile enterotoxin (LT) 
placed on the skin of humans has been shoWn to induce a 
systemic immune response Without local or systemic toxicity. 
[0008] This unexpected absence of reactogenicity is 
extremely important to the use of vaccines. Vaccine antigens 
and adjuvants are useful When immunization produces a pro 
tective immune response Without signi?cant unWanted reac 
tions. Historically, reactogenicity of vaccines such as sWell 
ing, tenderness and pain at the site of injection has in some 
cases (e.g., typhoid and pertussis) been accepted because of 
the bene?ts of vaccination. HoWever, high levels of reactoge 
nicity and other side effects are not desirable, and Would be 
problematic for development of neW vaccine adjuvant and 
antigen candidates. Research efforts are focused on making 
vaccine adjuvants that are stimulatory and do not inducing 
unWanted reactions. Whole cell pertussis vaccines induce 
systemic and local side effects and, as a result, this effective 
vaccine and time tested vaccine is being replaced by acellular 
pertussis vaccines solely because they are less reactogenic. 
[0009] The present invention differs from that of US. Pat. 
No. 5,830,877 Which teaches the use of a naked plasmid that 
encodes for biologically active peptides into a mammalian 
host. The invention described herein teaches the use of an 
adj uvant and antigen or nucleic acid administered together on 
the skin to induce an immune response. The invention 
described herein further differs from that of US. Pat. No. 
5,830,877 Which teaches aWay from the use of peptides that 
are not encoded in a nucleic acid and produced by the host cell 
because of the toxicity associated With biologically active 
peptides, the problems and cost of isolating, purifying and 
synthesizing peptides and their short half life in vivo resulting 
form degradation by proteases present in the target tissue. 
This clearly teaches aWay from the addition of an adjuvant 
such a cholera toxin to a coadministered antigen or nucleic 
acid. In fact the novelty of the ability of a large molecule such 
as CT to induce an immune response by application through 
the skin Without toxicity has led to a number of scienti?c 
papers describing this novelty and public excitement over the 
potential implication of delivery of proteins for vaccination 
by skin application. Unlike US. Pat. No. 5,830,877 the 
present invention is not dependent on stimulation of local 
in?ammation or irritation. Unlike US. Pat. No. 5,830,877 the 
invention does not depend on irritation or local in?ammation 
to increase the permeability of cell membranes to enhance the 
uptake of the antigens, plasmids or RNA. In fact the striking 
feature regarding Transcutaneous Immunization is the 
absence of local in?ammation. 

[0010] Unlike the present invention, US. Pat. No. 5,824, 
313 teaches the application of extremely small (less than 500 
daltons) lymphoid organ modifying agents such as 1,25-di 
hydroxy-16-ene Vitamin D.sub.3 and calcipotriene or dehy 
droepiandrosterone (DHEA), DHEA congeners and DHEA 
derivatives With the intramuscular injection of an antigen to 
affect antibody responses. 
[0011] Transcutaneous immunization requires both pas 
sage of an antigen through the outerbarriers of the skin, Which 
Was thought to be impervious to suchpassage, and an immune 
response to the antigen. Fisher’s Contact Dermatitis states 
that molecules of greater than 500 daltons cannot normally 
penetrate the skin. There is a report by Paul et al. (1995) of 
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induction of an immune response With transferosomes, a lipid 
structure distinct from liposomes. In this publication, the 
transferosomes Were used as a vehicle for antigen (bovine 
serum albumin and gap junction proteins) and complement 
mediated lysis of antigen-sensitized liposomes Was assayed. 
The limit to penetration of the skin by antigen Was stated to be 
750 daltons. In their study, an immune response Was not 
induced When a solution containing antigen Was placed on the 
skin; only transferosomes Were able to induce an immune 
response. Paul and Cvec (1995) also stated that it is “impos 
sible to immunize epicutaneously With simple peptide or 
protein solutions”. 
[0012] Such references explain Why our successful use of a 
molecule like cholera toxin (Which is 85,000 daltons) as an 
antigen or adjuvant in immunization Was greeted With sur 
prise by the ?eld because such large molecules Were not 
expected to penetrate the skin and, therefore, Would not be 
expected to induce a speci?c immune response. 
[0013] However, We have shoWn in US. application Ser. 
No. 08/749,164 (?led Nov. 14, 1996); US. application Ser. 
No. 08/896,085 (?led Jul. 17, 1997); and international appli 
cation PCT/US97/21324 (?led Nov. 14, 1997) that using an 
ADP-ribosylating exotoxin, such as cholera toxin, as an anti 
gen could elicit a strong antibody response that is highly 
reproducible. When an ADP-ribosylating exotoxin, such as 
cholera toxin, Was used as an immunoadjuvant and applied to 
the skin in a saline solution With a separate antigen (e.g., 
diphtheria toxoid), a systemic and mucosal antigen-speci?c 
antibody response could be elicited. In the present applica 
tion, We disclose that transcutaneous immunization using a 
penetration enhancer, a barrier disruption agent, or combina 
tions thereof may improve the adjuvant activity of a bacterial 
exotoxin. 
[0014] We have shoWn that like cholera toxin (CT), heat 
labile enterotoxin from E. coli (LT), Pseudomonas exotoxin 
A (ETA), pertussis toxin (PT) and a Wide variety of antigens 
including killed rabies virus, recombinants such as HIV p55 
gag, polysaccharide conjugates such as Hib, sonicates, pert 
actin for example, are able to pass through the skin and induce 
an immune response. Additionally CT, LT, ETA and PT and 
bacterial DNA and cytobines, can act as adjuvants to induce 
an immune response to antigens co-administered on the skin. 
Thus tetanus toxoid, not immunogenic by itself on the skin, 
can induce a strong immune response When placed on the skin 
With CT. We have proposed that the Langerhans cell popula 
tion underlying the site of application are a preferred antigen 
presenting cell for delivering antigen to the immune system. 
Adjuvant may act on the antigen presenting cell directly, or 
through lymphocytes recognizing antigen. 
[0015] We propose to enhance the immune response to 
transcutaneously adjuvant and/or antigen utilizing penetra 
tion enhancement techniques. According to Hurley, “Skin 
oWes its durability to the dermis, but its chemical imperme 
ability resides in the epidermis and almost exclusively in its 
dead outer layer, the stratum corneum”. For transcutaneous 
immunization using, for example, an ADP-ribosylating exo 
toxin as adjuvant and a soluble protein antigen such as diph 
theria toxoid, penetration of the stratum corneum must occur. 
Penetration enhancement techniques Would be designed to 
increase the movement of transcutaneous antigens and adju 
vants through the stratum corneum layer of skin. 

[0016] Further, We propose that transcutaneous immuniza 
tion using activation of at least one of the antigen, adjuvant 
and skin component Will enhance the immune response as 
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assayed by quantitative and qualitative parameters. Antigen 
adj uvant of the formulation may be activated by trypsin cleav 
age of a bacterial exotoxin (e.g., trypsin-cleaved LT, With or 
Without reduction). Activation of the skin at the application 
site of the formulation may be accomplished by the use of 
barrier disruption agents (e.g., acetone, alcohol) Which 
increases the size or activation of the underlying Langerhans 
cell population, or by an enzyme or combination of enzymes 
(e.g., enzymes With sialidase activity) Which increases the 
amount or accessibility of ganglioside GM1 receptor. 

SUMMARY OF THE INVENTION 

[0017] An object of the invention is to provide an enhanced 
system for transcutaneous immunization Which induces an 

immune response (e. g., humoral and/ or cellular effector) in a 
subject, a subject being an animal or human. This delivery 
system provides simple application to intact skin of an organ 
ism of a formulation comprised of antigen and adjuvant to 
induce a speci?c immune response against the antigen. 
Although not required for induction of an immune response 
by this simple delivery system, supplementation of the afore 
mentioned process With penetration enhancement or barrier 
disruption may enhance immunization and/or vaccination. 

[0018] In particular, the adjuvant or antigen or skin may 
assist in the penetration of the stratum corneum or epidermis 
to encounter the antigen presenting cells of the immune sys 
tem (e.g., Langerhans cells in the epidermis, dermal dendritic 
cells, dendritic cells, follicular dendritic cells, macrophages, 
B lymphocytes) and/ or induce the antigen presenting cells to 
phagocytose the antigen. The antigen presenting cells then 
present the antigen to T and B cells. In the instance of Langer 
hans cells, the antigen presenting cells then may migrate from 
the skin to the lymph nodes and present antigen to lympho 
cytes (e.g., B and/or T cells), thereby inducing an antigen 
speci?c immune response. 

[0019] In addition activation of the antigen, adjuvant, skin, 
or any combination thereof may be accomplished to supple 
ment the immunization process. 

[0020] In addition to eliciting immune reactions leading to 
generation of an antigen- speci?c B lymphocyte and/ or T lym 
phocyte, including a cytotoxic T lymphocyte (CTL), another 
object of the invention is to positively and/or negatively regu 
late components of the immune system by using the transcu 
taneous immunization system to affect antigen-speci?c 
helper (Th1 and/ or Th2) or delayed-type hypersensitivity 
(DTH) T-cell subsets. This can be exempli?ed by the differ 
ential behavior of CT and LT Which can result in different 
T-helper responses or different levels of protection in in-vivo 
challenge molds using transcutaneous immunization. 

DESCRIPTION OF THE DRAWINGS 

[0021] FIGS. la-f are photographs shoWing no in?amma 
tion at the site of immunization (A,B), Langerhans cell acti 
vation by LT in human skin at the site of immunization (C,E) 
and the absence of Langerhans cell activation in skin from the 
contralateral arm (D,F). 
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[0022] FIGS. 2a-d are photographs showing normal 
Langerhans cell (A,B, 200 and 400x) and Langerhan cell 
activation by Cholera Toxin in mouse skin (C,D. 200x, 400x). 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0023] In one embodiment of the invention, a formulation 
containing antigen and adjuvant such as CT and DT, is 
applied to intact skin of an organism after penetration 
enhancement of the skin, the antigen is presented to immune 
cells, and an antigen-speci?c immune response is induced 
Without perforating the skin. The formulation may include 
additional antigens or nucleic acids such that transcutaneous 
application of the formulation induces an immune response to 
multiple antigens, or nucleic acids encoding for antigens 
preferably from 2 to 20 but possibly up to 200. 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 anti 
gens. Antigen-speci?c lymphocytes may participate in the 
immune response and, in the case of participation by B lym 
phocytes, antigen-speci?c antibodies may be part of the 
immune response. 
[0024] In another embodiment of the invention, the inven 
tion is used to treat an organism. If the antigen is derived from 
a pathogen, the treatment vaccinates the organism against 
infection by the pathogen or against its pathogenic effects 
such as those caused by toxin secretion. A formulation that 
includes a tumor antigen may provide a cancer treatment; a 
formulation that includes an allergen may be used to treat for 
allergic disease; a formulation that includes an autoantigen 
may provide a treatment for a disease caused by the organ 
ism’s oWn immune system (e.g., autoimmune disease). The 
invention may be used therapeutically to treat existing dis 
ease, protectively to prevent disease, or to reduce the severity 
and/ or duration of disease. 
[0025] In a further embodiment of the invention, a patch for 
use in the above methods is provided. The patch may com 
prise a dressing, and effective amounts of antigen or nucleic 
acids and adjuvant. The dressing may be occlusive or non 
occlusive. The patch may contain penetration enhancers or 
may include a device for physical penetration enhancement. 
The patch may include additional antigens such that applica 
tion of the patch induces an immune response to 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. For effective 
treatment, multiple patches may be applied at frequent inter 
vals or constantly over a period of time. 
[0026] Moreover, in yet another embodiment of the inven 
tion, the formulation is applied to intact skin overlying more 
than one draining lymph node ?eld using either single or 
multiple applications or a separate patch for adjuvant or anti 
gen/nucleic acid. The formulation may include additional 
antigens such that application to intact skin induces an 
immune response to 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 anti 
gens. 
[0027] The formulation may be applied to the skin to boost 
or prime the immune response in conjunction With other 
routes of immunization. Thus, priming With transcutaneous 
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immunization With either single or multiple applications 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 appli 
cation to intact skin induces an immune response to 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. 
[0028] In addition to antigen and activated adjuvant, the 
formulation may comprise a vehicle. For example, the for 
mulation may comprise AQUAPHOR (an emulsion of petro 
latum, mineral oil, mineral Wax, Wool Wax, panthenol, bis 
abol, and glycerin), emulsions (e.g., aqueous creams), 
microemulsions, gels, oil-in-Water emulsions (e.g., oily 
creams), anhydrous lipids and oil-in-Water emulsions, anhy 
drous lipids and Water-in-oil emulsions, fats, Waxes, oil, sili 
cones, and humectants (e.g., glycerol). 
[0029] 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) or allergen 
or biological Warfare agent. The antigen may be a tumor 
antigen or an autoantigen. Chemically, the antigen may be a 
carbohydrate, glycolipid, glycoprotein, lipid, lipoprotein, 
phospholipid, polypeptide, or fusion protein (recombinant) 
or hemical conjugate of the above. The molecular Weight of 
the antigen may be greater than 500 daltons, preferably 
greater than 800 daltons, and more preferably greater than 
1000 daltons. 

[0030] Antigen may be obtained by recombinant means, 
chemical synthesis, or puri?cation from a natural source. One 
advantage of transcutaneous immunization may be that puri 
?cation of an antigen is not necessary eg a Whole organism 
may be sonicated and used for immunization. The level of 
toxicity associated With injecting a product from such a 
preparation is often too toxic to be tolerated, such as LPS, 
Which can be fatal if injected, but is non-toxic on the skin. 
Preferred are proteinaceous antigen or conjugates With 
polysaccharide. Antigen may be at least partially puri?ed in 
cell-free form. Alternatively, antigen may be provided in the 
form of a live virus, an attenuated live virus, or an inactivated 
virus, sonicated or lysed Whole bacterium, parasite or deter 
gent treated virus, or fraction thereof. 
[0031] Inclusion of an adjuvant may alloW potentiation or 
modulation of the immune response. Moreover, selection of a 
suitable antigen or adjuvant may alloW preferential induction 
of a humoral or cellular immune pr mucosal response, spe 
ci?c antibody isotypes (e.g., IgM, IgD, IgAl, IgA2, IgE, 
IgGl, IgG2, IgG3, and/or IgG4), and/or speci?c T-cell sub 
sets (e.g., CTL, Thl, Th2 and/or TDTH. Optionally, antigen, 
adjuvant, may be provided in the formulation by means of a 
nucleic acid (e.g., DNA, RNA, cDNA, cRNA) encoding the 
antigen or adjuvant as appropriate With a antigen or adjuvant 
that has been added to the nucleic acid. This technique is 
called genetic immunization. 
[0032] 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 recognized by a B-cell 
receptor (i.e., antibody on the membrane of the B cell) or a 
T-cell receptor. A molecule may be both an antigen and an 
adjuvant (e.g., cholera toxin) and, thus, the formulation may 
contain only one component. Antigen may be provided as a 
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Whole organism such as, for example, a bacterium or virion; 
antigen may be obtained from an extract or lysate, either from 
Whole cells or membrane alone; or antigen may be chemically 
synthesized for produced by recombinant means. 
[0033] 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. The 
term “effective amount” as used in the invention, is meant to 
describe that amount of antigen Which induces an antigen 
speci?c immune response. Such induction of an immune 
response may provide a treatment such as, for example, 
immunoprotection, desensitization, immunosuppression, 
modulation of autoimmune disease, potentiation of cancer 
immunosurveillance, or therapeutic vaccination against an 
established infectious disease. 
[0034] By the epidermis We mean the cells of the skin from 
the basal layer of kertinoctyes and basal lamina up to and 
through the stratum corneum. 
[0035] The de?nition of transdermal is generally held to be: 
Relating to, being, or supplying a medication in a form for 
absorption through the skin into the bloodstream (~drug 
delivery) (~nitroglycerin) (~nicotine patch). 2Frederick C. 

et al., eds., Merriam-Webster’s Collegiate Dictionary, 
10 ed. (Spring?eld, Mass.: Merriam-Webster, Incorporated, 
1997), 861. 
[0036] 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). 
[0037] Skin penetration may be enhanced using techniques 
that increase skin hydration. According to Roberts and 
Walker (1993), “The state of hydration of the stratum cor 
neum (SC) is one of the most important factors in determining 
the rate of percutaneous absorption of a given solute”. The 
state of hydration interacts With the principal of diffusion in 
determining the rate of absorption of a substance through the 
skin. Furthermore, Hurley stated: 

[0038] “Absorption of substances through the stratum 
corneum is believed to occur by diffusion in accordance 
With Fick’s laWs of diffusion in Which the rate of absorp 
tion of a chemical is proportional to the concentration 
difference across the membrane. Thus, a concentration 
gradient betWeen the high concentration of solute on the 
skin surface and its absence or loW concentration beloW 
the stratum corneum is the driving force in this process. 
Transcorneal movement of absorption is classically rep 
resented as ‘percellular’, that is, directly through the cell 
Walls of the compacted comeum and not intercellularly. 
Intracellular protein ?laments are described as the path 
Ways for polar (Water soluble) compounds and the 
medium betWeen ?laments serves as the route for non 
polar (lipid-soluble) substances . . . . Hydration increases 

the permeability of the stratum corneum for most sub 
stances by a number of cytophysical mechanisms that 
are not completely clari?ed.” 

Thus, While skin hydration is generally knoWn to enhance 
skinpenetration, the mechanisms by Which this occurs are not 
entirely clear and, thus, not predictable prior to the present 
invention and not thought to alloW penetration of large mol 
ecules (7750 daltons). 
[0039] The use of vehicles for increasing hydration is Well 
knoWn. Occlusive dressings, such as vapor-impenetrable 
plastic ?lms (e.g., polyvinylidine, polyethylene) enhance 
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absorption principally through increased hydration of the 
stratum corneum, a result of sWelling of the corneocytes, and 
uptake of Water into the intercellular corridors. Hydrocolloid 
patches may also be used to enhance skin penetration. 
Absorption of steroids can be increase over 100 fold using 
plastic occlusive ?lm. Generally, greases, oils or imperme 
able plastic induce the most hydration by occlusion. See, for 
example, ldson (1978); Hollingsbee (1995); and MckenZie 
and Stoughton (1962). The use of hydration or vehicle for 
hydration With an antigen and adjuvant Were not knoWn prior 
to our invention as penetration. The skin Was thought to be 
limited to small molecules even in the hydrated state. 
[0040] Suitable agents Which are knoWn to enhance absorp 
tion of drugs through skin are described in Sloan, Use of 
Solubility Parameters from Regular Solution Theory to 
Describe Partitioning-Driven Processes, Ch. 5, “Prodrugs: 
Topical and Ocular Drug Delivery” (Marcel Dekker, 1992), 
and at places elseWhere in the text. 
[0041] It is expected that these techniques (and others 
Which are conventionally used to facilitate drug delivery) may 
be adapted to preparation of nucleic acids for use in the 
methods of the invention by those of ordinary skill in the art 
Without undue experimentation. Speci?c examples illustrat 
ing this suitability are set forth beloW. 
[0042] The state of the art in skin penetration enhancement 
is described in Pharmaceutical Skin Penetration Enhance 
ment Edited by Kenneth A. Walters and Jonathan Hadgraft, 
Published by Marcel Dekker, Inc., NeW York, 1993. 
[0043] Skin permeability and/or skin hydration may be 
expected by selecting an appropriate vehicle from different 
classes, such as humectant (e.g., glycols, glycerols), poWder, 
(e.g., clays, shake lotions), oil/Water (O/W) emulsion (e.g., 
aqueous creams), Water/oil emulsion (e.g., oily creams), 
emulsifying base (e.g., anhydrous lipid and O/W emulsi?ers), 
absorption base (e. g., anhydrous lipid and W/O emulsi?ers), 
lipophilic (e.g., fats, Waxes, oils, silicones), and occlusive 
dressing (e.g., plastic Wrap). 
[0044] Other methods that disrupt the stratum corneum 
proteins to enhance penetration in the present invention may 
be employed Salicylic acid is a keratinolytic that may 
increase absorption. Urea acts both as a keratinolytic and 
hydrater of the skin, and may act as a penetration enhancer. 
Phospholipase A2 and phosphatidylcholine dependent phos 
pholipase C may be used as epidermal enZymes to enhance 
penetration. Other penetration enhancers may include etha 
nol, acetone, detergents, bases, Nair©, propylene glycol, pyr 
riolidones, dimethylacetamide, dimethylfor'mamide, dimeth 
ylsulfoxide, alkyl sulfoxide, phosphine oxide, surfactants and 
caprolactams such as aZone. Other compounds that may be 
used for penetration enhancement include amines and 
amides, alkyl N,N-distributed-amino acetates, decylmethyl 
sulfoxide, pyrrolidones, pirotiodecane (HPE-101), benZly 
alkonium, benZylalkonium chloride polymers, silicone based 
polymers, fatty acids, cyclic ureas, terpenes, liposomes, and 
cyclodextrins. Penetration enhancers are Well knoWn in the 
art, for example as described in Pharmaceutical Penetration 
Enhancement, (Marcel Dekker, 1993) Other techniques that 
may be employed for penetration include iontophoresis, 
ultrasound, electroporation, tape stripping, the use of gene 
guns or other propellant devices, tines such as used for TB 
tine tests (as provided by Mono-Vacc system) or micron 
eedles Which penetrate the outer surface of the skin, or abra 
sives Which remove the outer layers of the skin and lipid 
extraction. 
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[0045] A device Which may be used for disruption of the 
stratum corneum (Which is distributed in the US. by Con 
naught Laboratories, Inc. of SWiftWater, Pa.) consists of a 
plastic container having a syringe plunger at one end and a 
tyne disk at the other. The tyne disk supports a multiplicity of 
narroW diameter tynes of a length Which Will just scratch the 
outermost layer of epidermal cells but not penetrate the epi 
dermis. Each of the tynes in the MONO-VACC kit is coated 
With old tuberculin; in the present invention, each needle may 
be coated With a pharmaceutical composition of antigen/ 
nucleic acid and adjuvant. Use of the device With the present 
invention may not be according to the manufacturer’s Written 
instructions included With the device product because When 
used With the present invention does not penetrate the epider 
mis. Hereto, the device may be used for surface disruption to 
disrupt the outermost layers of the skin, the stratum comeum 
and upper epidermis, to enhance the transcutaneous immuni 
zation. Similar devices Which may also be used in this 
embodiment are those Which are currently used to perform 
allergy tests. 
[0046] Other approaches include barrier disruption. Inhibi 
tion of cholesterol synthesis using systemically administered 
HMG CoA reductase inhibitors and similar drugs interfere 
With barrier function and may alloW enhanced penetration of 
the formulation component. 
[0047] It is also conceivable that the skin can be trans 
formed to enhance the transcutaneous immune response. CT 
and LT exert their effect via the ganglioside GM1 binding by 
the B subunit. Ganglioside GM1 is a ubiquitous cell mem 
brane glycolipid found in all mammalian cells. In the gas 
trointestinal tract, When the pentameric CT B subunit binds to 
the cell surface, a hydrophilic pore is formed Which alloWs the 
A subunit to penetrate across the lipid bilayer. The skin con 
tains gangliosides at a concentration of 30-35 nmol NeuAC/ 
gm. Skin gangliosides are possible targets for initiating tran 
scutaneous immunization via mechanisms such as 
Langerhans cells activation as described above. 

[0048] One possible method to activate the skin for enhanc 
ing the effect of transcutaneous immunization With ADP ribo 
sylating exotoxins by increasing the number of GM1 ganglio 
side molecules in skin cells. This could be achieved by 
activation of receptor cells using sialidase to convert ganglio 
sides that do not bind the toxin into the sialidase-stable chol 
era toxin binding ganglioside GGnSLC (ganglioside GMl): 

[0049] “It is interesting that the cholera vibrio is perhaps 
the best-knoWn source of sialidase (or neuramidase, as it 
is often called). Could this sialidase play a part in the 
natural history of the disease by making more receptors 
available for the toxin? If so, should any active immu 
nizing agent the disease contain an anti-neuriminidase 
element? Incubation of intestinal scrapings With siali 
dase leads to a considerable increase in their ability to 
bind the toxin, Which is due not only to conversion of 
sialidase-labile ganglioside to cholera toxin-binding 
ganglioside, but also, apparently to the unmasking of 
otherWise unapproachable ganglioside binding sites 
possibly by breaking doWn glycoproteins. Pretreatment 
of dog intestine With sialidase makes it produce more 
?uid in response to cholera toxin; treatment of adrenal 
cells With sialidase increases their responsiveness to 
cholera toxin; pretreatment of pi geon red cells With siali 
dase increases the activation of the adenylate cyclase in 
them by cholera toxin. 
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The biochemistry of cholera, In: Cholera: The American Sci 
enti?c Experience, 1947-1980, van Heyningen, W. E., and 
Seal, J. R., Eds, WatervieW Press, Boulder, 1983, page 263 
(citations omitted). 
[0050] The effect of treatment of the skin With sialidase 
may enhance the binding of an ADP ribosylating exotoxin 
such as CT to the immune cells targeted by transcutaneous 
immunization. This represents a kind of activation of the skin 
for transcutaneous immunization. Additionally, neuramini 
dase may act as an epidermal enzyme concurrently enhancing 
penetration. 
[0051] The use of a penetration enhancer may be used in 
conjunction With activation of the skin. Activation of the skin 
for transcutaneous immunization may also be after treatments 
such as acetone or alcohol sWabbing. It has been shoWn that 
skin barrier disruption using acetone sWabbing of the skin 
increased Langerhans cell density by 80% and increased the 
reaction to contact allergens in vivo. If the density of Langer 
hans cells is increased, then the potency of the immune 
response may be increased. Similar chemical disruption 
might be expected to increase the number of Langerhans cells 
and result in activation of the skin component of transcuta 
neous immunization, by tape stripping, sodium dodecyl sul 
fate, the use of alcohol sWabbing, or a depiliatory such as 
calcium hydroxide. See Proksch and Brasch (1996, 1997) for 
use of penetration enhancers and barrier disruption in allergic 
contact dermatitis. 

[0052] Penetration enhancement may be achieved by per 
formance of simple maneuvers such as alcohol sWabbing 
immediately prior to immunization, by concurrent use of 
penetration enhancement compounds or techniques or by 
techniques such as acetone sWabbing 24 hours prior to 
increase the number of Langerhans cells. 
[0053] Processes for preparing a pharmaceutical formula 
tion are Well-knoWn in the art, Whereby the antigen and adju 
vant is combined With a pharmaceutically acceptable carrier 
vehicle. Suitable vehicles and their preparation are described, 
for example, in Remington’s Pharmaceutical Sciences by E. 
W. Martin. Such formulations Will contain an effective 
amount of the antigen and adjuvant together With a suitable 
amount of vehicle in order 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 forms knoWn in the art. In particular, 
formulations that enhance skin hydration, penetration, or 
both are preferred. There may also be incorporated other 
pharmaceutically acceptable additives including, for 
example, diluents, excipients, binders, stabilizers, preserva 
tives, and colorings. 
[0054] Without being bound to any particular theory but 
only to provide an explanation for our observations, it is 
presumed that the transcutaneous immunization delivery sys 
tem 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 (e.g., macrophage, tissue 
macrophage, Langerhans cell, dendritic cell, dermal dendritic 
cell, B lymphocyte, or Kupffer cell) that presents processed 
antigen to a T lymphocyte (see Stingl et al., 1989; Streilein 
and Grammer, 1989; TeW et al., 1997). Optionally, the antigen 
may pass through the stratum corneum via a hair follicle or a 
skin organelle (e.g., sWeat gland, oil gland). 
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[0055] Transcutaneous immunization With bacterial ADP 
ribosylating exotoxins (bAREs) 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 saline solution. Adjuvants such as activated LT may 
greatly enhance Langerhans cell activation. 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): 

[0056] “Langerhans cells are bone-marroW derived cells 
that are present in all mammalian strati?ed squamous 
epithelia. They comprise all of the accessory cell activity 
that is present in unin?ammed epidermis, an in the cur 
rent paradigm are essential for the initiation and propa 
gation of immune responses directed against epicutane 
ously 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. 

[0057] “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 particulates, including microorganisms, 
and are ef?cient processors of complex antigens. HoW 
ever, they express only loW levels of MHC class I and II 
antigens and costimulatory molecules (ICAM-l, B7-l 
and B7-2) and are poor stimulators 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 local as mature dendritic cells. In the course of 
exiting the epidermis and migrating to lymph nodes, 
antigen-bearing epidermal Langerhans cells (noW the 
‘messengers’) exhibit dramatic changes in morphology, 
surface phenotype and function. In contrast to epidermal 
Langerhans cells, lymphoid dendritic cells are essen 
tially 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.” 

[0058] We envision that the potent antigen presenting capa 
bility of the epidermal Langerhans cells can be exploited for 
transcutaneously delivered vaccines. A transcutaneous 
immune response using the skin immune system Would 
require delivery of vaccine antigen only to Langerhans cells 
in the stratum comeum (the outermost layer of the skin con 
sisting of corni?ed cells and lipids) via passive diffusion and 
subsequent activation of the Langerhans cells to take up anti 
gen, migrate to B-cell follicles and/ or T-cell dependent 
regions, and present the antigen to B and/orT cells. If antigens 
other that bAREs (for example diptheria toxoid) are to be 
phagocytosed 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 
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for that antigen (e.g., diptheria toxoid). Thus, a feature of 
transcutaneous immunization is the activation of the Langer 
hans cell, presumably by bacterial ADP-ribosylating exotox 
ins, ADP-ribosylating exotoxin binding subunits (e.g., chol 
era toxin B subunit), or other adjuvants or Langerhans cell 
activating substance. Increasing the skin population of 
Langerhans cells using strategies such as acetone sWabbing 
could then be expected to enhance the transcutaneous 
immune response. 
[0059] The spectrum of more commonly knoWn skin 
immune responses is represented by contact dermatitis and 
atopy. Contact dermatitis, a pathogenic manifestation of LC 
activation, is directed by Langerhans cells Which phagocy 
tose antigen, migrate to lymph nodes, present antigen, and 
sensitize T cells that migrate to the skin and cause the intense 
destructive cellular response that occurs at affected skin sites 
(Dahl, 1996; Leung, 1997). Atopic dermatitis may utilize the 
Langerhans cell in a similar fashion, but is identi?ed With Th2 
cells and is generally associated With high levels of IgE anti 
body (Dahl, 1996; Leung, 1997). 
[0060] Transcutaneous immunization With cholera toxin 
and related bAREs on the other hand is a novel immune 
response With an absence of super?cial and microscopic post 
immunization skin ?ndings (i.e., non-in?amed skin) shoWn 
by the absence of lymphocyte in?ltration 24, 48 and 120 
hours after immunization. This is strikingly shoWn by 
completion of a Phase I trial in Which humans Were immu 
nized With LT under a simple occlusive patch. Potent anti-LT 
IgG and IgA antibodies Were stimulated. TWo volunteers had 
biopsies performed at the site of immunization. Micro-scopic 
evaluation con?rmed the clinical observation that no in?am 
mation Was seen. This suggests that Langerhans cells, Which 
“comprise all of the accessory cell activity that is present in 
unin?ammed epidermis, and in the current paradigm are 
essential for the initiation and propagation of immune 
responses directed against epicutaneously applied antigens” 
(U dey, 1997) may have been recruited. The uniqueness of the 
transcutaneous immune response here is also indicated by the 
both high levels of antigen-speci?c IgG antibody, and the type 
of antibody produced (e.g., IgGl, IgG2a, IgG2b, IgG3 and 
IgA) and the absence of anti-CT IgE antibody. HoWever, 
other immune cells may be engaged and speculation on the 
mechanism should not limit the invention. 

[0061] Thus, We have found that bacterial-derived toxins 
applied to the surface of the skin can activate Langerhans cells 
and that TCI induces a potent immune response manifested as 
high levels of antigen-speci?c circulating IgG antibodies and 
Would expect that penetration enhancement Would enhance 
the immune response. Transcutaneous adjuvant and penetra 
tion enhancer may be used in transcutaneous immunization to 
enhance the IgG antibody or T-cell response to proteins not 
otherWise immunogenic by themselves When placed on the 
skin. 

[0062] Transcutaneous targeting of Langerhans cells may 
also be used to deactivate their antigen presenting function, 
thereby preventing immunization or sensitization. Tech 
niques to mobilize Langerhans cells or other skin immune 
cells yet negatively modulate them include, for example, the 
use of anti-in?ammatory steroidal or non-steroidal agents 
(N SAID), cyclophosphamide or other immunosuppressants, 
interleukin-l0, TGFB monoclonal antibody to interleukin-l, 
ICE inhibitors or depletion via superantigens such as through 
staphylococcal enterotoxin-A (SEA) induced epidermal 
Langerhans cell depletion. 
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[0063] Transcutaneous immunization may be induced via 
the ganglioside GM1 binding activity of CT, LT or subunits 
such as CTB. Ganglioside GM1 is a ubiquitous cell mem 
brane glycolipid found in 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 penetrate 
across the lipid bilayer. 
[0064] We have shoWn that transcutaneous immunization 
by CT or CTB may require ganglioside GM1 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 su?icient to immunize through the skin. We 
conclude that the Langerhans cell or other immune cells may 
be activated by CTB binding to its cell surface, but more 
activated by the concurrent presence of the A-subunit. 

[0065] In addition to activation of the skin component in the 
immunization process of the present invention, the antigen 
and/ or adjuvant may be activated to enhance immunization. 
When CT is secreted, cleavage occurs at the trypsin recogni 
tion site and the toxin is activated. LT hoWever, is secreted 
With its trypsin recognition site intact. When LT is secreted in 
the gastrointestinal tract and thereby exposed to gastrointes 
tinal agents such as trypsin, the proteolytically sensitive resi 
dues that joinA1 andA2 subunits of LT are cleaved, alloWing 
the A1 subunit to ADP-ribosylate G proteins and therefore 
exert its toxic effects. The lack of trypsin or related agents in 
the skin may prevent trypsin cleavage of the proteolytically 
sensitive residues that join A1 and A2 subunits of LT, dimin 
ishing its adjuvant activity. 
[0066] These tWo bacterial enterotoxins have many fea 
tures in common. LT and CT have the same subunit number 
(A2:B5) and arrangement, and the same biological mecha 
nism of action. An amino acid sequence similarity of 75-77% 
is found for both chains When comparing LT and CT, and the 
most signi?cant difference occurs in the respective A chains 
at positions 192-195. At this site the cleavage of the A chain 
by trypsin occurs and the site is situated betWeen tWo cysteine 
residues that form the internal disul?de bond of the A chain. 
See, for example, Mekalanos et al. (1979), Spangler (1992), 
and Sniderman (1995). We propose that these structural dif 
ferences betWeen the molecules are a signi?cant in?uence not 
only on their enterotoxic properties, but also on their ability to 
function as adjuvants. 

[0067] Unlike CT produced by V cholerae, LT is not fully 
biologically active When ?rst isolated from the bacterial cell. 
Consistent With the A-B model for bacterial toxins, LT 
requires trypsin proteolysis and disul?de reduction to be fully 
active (Sniderman, 1995). In the absence of proteolytic pro 
cessing, the enzymatically active A1 moiety is unable to 
dissociate from the A2 component and cannot reach its target 
substrate (adenylate cyclase) on the basolateral surface of the 
intestinal epithelial cell. This difference in activation of the 
isolated material results in differences in response thresholds 
for LT and CT in biologic systems. For instance, CT induces 
detectable net ?uid secretion in the mouse intestine at a dose 
of 5 to 10 ug. LT induces detectable net secretion in this assay 
at 50 to 100 ug. In the rabbit ligated illeal loop, the difference 
is more dramatic and clear cut. Signi?cantly hoWever, When 
LT is exposed to proteolytic enzymes With trypsin-like speci 
?city, the molecule becomes indistinguishable from CT in 
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any biologic assay system. (Clements and Finkelstein, 1979; 
Dickenson and Clements, 1995). 
[0068] 

[0069] “SubunitA is synthesized as a single polypeptide 
in both V cholerae and E. coli. CTA is proteolytically 
“nicked” betWeen residues 192 and 195 during secretion 
from the vibrio by V cholerae hemagglutinin/protease, 
giving rise to tWo polypeptides, A1 (Mr:28,826) andA2 
(Mr:5,407), covalently linked through a disul?de 
bridge betWeen residues 187 and 199. In contrast, LT 
remains in the E. coli periplasm and is not nicked. Intro 
duced into a genetically engineered strain of V cholerae, 
LT remained unnicked, although it Was secreted in the 
same manner as CT. Proteolytic processing is therefore 
not a prerequisite for secretion. Puri?ed LTh can, hoW 
ever, be nicked in vitro, suggesting that the mutant vi brio 
used by Hirst et al. contained insuf?cient soluble hemag 
glutinin to catalyze nicking, rather than indicating an 
inability of LTA to be nicked. CT, When introduced via 
an engineered plasmid into E col 1' , remains unnicked and 
cell associated in E. coli. Therefore, the defect in pro 
cessing of CT and LT in E. coli is related to the failure of 
E. coli to nick and secrete either toxin. This defect may 
explain the reduced severity of E. coli-induced enteric 
disease When compared With cholera. In both CT and LT, 
the disulphide bond linkingA1 to A2 remains unreduced 
and the toxin is therefore essentially inactive, until it 
enters a cell. 

[0070] “Both the intact A subunit and the holotoxin are 
relatively inactive ADP-ribosyltransferases compared 
With the A1 polypeptide. Catalytic activity requires the 
reduction of the disul?de bond (A1:Cys-187-A2:Cys 
199) linking A1 to A2. The cleavage (nicking) betWeen 
residues A1-Arg 192 and the start of the A2 polypeptide 
at A2:Met-195 takes place during secretion of CT from 
the vibrio. tryptic digestion serves the purpose in vitro 
for LT. Reduction, Which releases CTA1 from CTA2, 
may be accomplished by a variety of agents, usually 
dithiothreitol or 2-mercaptoethanol in vitro or a thiol: 
protein oxireductase. The endogenous reducing agent 
and mechanisms of reduction are not knoWn. An 
observed time lag of about 16 min betWeen the apparent 
binding of the toxin to the membrane receptor and the 
?rst appearance of the modi?ed substrate intracellularly 
may be related to the time required for this step to occur 
folloWing or during insertion or translocation”. 

LTh stands for LT holoezyme. Thus, if trypsin-treated LT 
Were to be used for transcutaneous immunization, We propose 
similar mechanisms for disrupting disulphide bonds Would 
occur. This may be shoWn for trypsin activation of LT in 
Which trypsin-activated LT is similarly potent or of greater 
potentcy compared to CT and much greater in potency to 
untreated LT in the mouse Y-1 bioassay (see Dickinson and 
Clements, 1995). 
[0071] We propose to activate components of the formula 
tion such as LT using trypsin or similar compounds 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 anADP-ribosylating exotoxin. Optionally, hydra 
tion or occlusive dressings may be used in the transcutaneous 
delivery system in addition to the activation of the adjuvant. 

According to Spangler (1992, citations omitted): 
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[0072] In addition, LT has an unusual a?inity for carbohy 
drate-containing matrices. Speci?cally, LT binds to an array 
of biological molecules containing galactose, including gly 
coproteins and lipopolysaccharides. This lectin-like binding 
property of LT results in a broader receptor distribution on 
mammalian cells for LT than for CT, Which binds only to 
GMl. The tWo molecules also have many immunologic dif 
ferences, 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 similari 
ties. 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 trans 
cutaneous immunication. Such a mutant toxin may be useful 
as it avoids the risks associated With ingestion or inhaling 
native toxins. 

[0073] 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-ribosyltransferase 
activity While the remaining subunits constitute the B 
domain. Similar to LT, PT has both trypsin cleavage sites and 
disulphide binding sites that play a role in association of the 
S1 subunit With the B oligomer. It is conceivable that activa 
tion by trypsin cleavage, disruption of the disulphide bond or 
both may enhance the adj uvant and antigen activities 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 binds 
exclusively to the glycolipids of monocytes and couldbe used 
to target Langerhans cells in the skin. 
[0074] 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 anADP-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 thereby induce an 
immune response to the encoded antigen. Another embodi 
ment 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 plas 
mids for expressing anADP-ribosylating exotoxin such as CT 
or LT and another for expressing the antigen such as a malaria 
or HIV antigen. It is conceivable that multiple genes on a 
single construct for multiple antigens could be used or mul 
tiple plasmids could be used to simultaneously deliver anti 
gens for multivalent immunization. Plasmids encoding other 
molecules or compounds such as chemokines (e. g., defensins 
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l or 2, RANTES, MIPl -0t, MIP-2, interleukin-8) or a cytok 
ine (e.g., interleukin-1B, -2, -6, -l0 or -l2; y-interferon; tumor 
necrosis factor-0t; or granulocyte-monocyte-colony stimulat 
ing factor) (revieWed in Nohria and Rubin, 1994), a heat 
shock protein or a derivative, a derivative of Leishmania 
major LEIF (Skeiky et al., 1995), cholera toxin B, a 
lipopolysaccharide (LPS) derivative (e.g., lipid A or mono 
phosphoryl lipid A), or superantigen (Saloga et al., 1996), or 
other ADP-ribosylating exotoxins might be delivered With 
protein antigens. 
[0075] Other means of activating the transcutaneous adju 
vants may be effective, such as adding detergents and phos 
pholipid to the formulation to enhance CT activity by ADP 
ribosylation factor (see, for example, Spangler, 1992). 
[0076] For immunization using adjuvant or antigen activa 
tion, modi?cation of the adjuvant or antigen component of the 
formulation may reduce its effectiveness in parenteral immu 
nization Without destroying the utility of the formulation in 
transcutaneous immunization When the adjuvant and/ or anti 
gen is activated. Undesirable properties (e.g., toxicity, aller 
gic reactivity, other 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., proteolysis) or a coating Which reversibly isolates a 
component of the formulation from the immune system (i.e., 
an encapsulated formulation). Alternatively, the adjuvant 
and/or antigen comprising the formulation may be encapsu 
lated in a particle (e. g., microspheres, nanoparticles). Phago 
cytosis of a particle may, by itself, enhance activation of an 
antigen presenting cell by upregulating-expression of major 
histocompatibility antigens and/or costimulatory molecules 
(e.g., MHC class II, B7-2). 

Antigen 

[0077] Antigen of the invention may be expressed by 
recombinant means, preferably as a fusion With an a?inity or 

epitope tag (Summers and Smith, 1987; Goeddel, 1990; 
Ausubel et al., 1996); chemical synthesis of an oligopeptide, 
either free or conjugated to carrier proteins, may be used to 
obtain antigen of the invention (Bodanszky, 1993; Wisdom, 
1994). Oligopeptides are considered a type of polypeptide. 
Oligopeptide lengths of 6 residues to 20 residues are pre 
ferred. Polypeptides may also be synthesized as branched 
structures such as those disclosed in US. Pat. Nos. 5,229,490 
and 5,390,l l l . 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 of the invention obtained from natural sources or 
extracts, may be puri?ed by means of the antigen’s physical 
and chemical characteristics, preferably by fractionation or 
chromatography (J anson and Ryden, 1989; Deutscher, 1990; 
Scopes, 1993). 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. Tran 
scutaneous 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 
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example, toxins, toxoids, subunits thereof, or combinations 
thereof (e. g., cholera toxin, tetanus toxoid); additionally, tox 
ins, toxoids, subunits thereof, or combinations thereof may 
act as both antigen and adjuvant. 
[0078] Antigen may be solubilized in a buffer. Suitable 
buffers include, but are not limited to, phosphate buffered 
saline Ca""/Mg++ free (PBS), normal saline (150 mM NaCl in 
Water), and Tris buffer. Glycerol may be a suitable non-aque 
ous buffer for use in the present invention. Antigen may also 
be in suspension. The detergent may be left in the immunizing 
solution to enhance penetration. 
[0079] 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 
(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 microspheres nanoparticles or 
heat-inactivated bacteria Which may be taken up by and acti 
vate antigen presenting cells (e.g., opsonization). 
[0080] 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., bacterium, virus, 
fungus, or parasite). 
[0081] Bacteria include, for example: anthrax, campylo 
bacter, cholera, clostridia, diphtheria, enterotoxigenic E. coli, 
giardia, gonococcus, Helicobacter pylori or urease produced 
by H. pylori (Lee and Chen, 1994), Hemophilus in?uenza B, 
Hemophilus in?uenza non-typable, meningococcus, myco 
bacterium, pertussis, pneumococcus, salmonella, shigella, 
staphylococcus, Streptococcus B, tetanus, Vlbl’lO cholerae, 
Borrelia burgdoiy‘i and Yersinia; and products thereof. 
[0082] 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, 1996; 
Shafara et al., 1995; Smedila et al., 1994; US. Pat. Nos. 
5,314,808 and 5,436,126), herpes simplex virus 1 or 2, human 
immunode?ciency virus (Deprez et al., 1996), human papil 
loma virus, in?uenza, measles, NorWalk, Japanese equine 
encephalitis, papilloma virus, parvovirus B19, polio, rabies, 
respiratory syncytial virus, rotavirus, rubella, rubeola, St. 
Louis encephalitis, vaccinia, vaccinia constructs containing 
genes coding for other antigens such as malaria antigens, 
varicella, and yelloW fever; and products thereof. 
[0083] Parasites include, for example: Entamoeba his 
tolytica (Zhang et al., 1995); Plasmodium (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. 
[0084] Other viruses Which can be used in the present 
invention are disclosed in Gordon, 1997 and include, for 
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example, Adenovirus (respiratory disease), Coronavirus (res 
piratory and enteric disease), Cytomegalovirus (mono 
nucleosis), 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 (encephalitis, stomatitis), Herpes simplex virus 
type 2 (genital lesions), Human herpesvirus-6 (unknown, 
possibly Kaposi’s sarcoma), Human immunode?ciency virus 
types 1 and2 (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), Polio 
virus (paralysis), Polyomavirus JC (multifocal leukoen 
cephalopathy), Polyomavirus BK (hemorrhagic cystitis), 
Rabies virus (nerve dysfunction), Respiratory syncytial virus 
(respiratory disease), Rhinovirus (common cold), Rotavirus 
(diarrhea), Rubella virus (fetal malformations), Vaccinia 
virus (generalized infection), YelloW fever virus (jaundice, 
renal and hepatic failure), Varicella zoster virus (chickenpox). 
[0085] Other bacteria Which can be used in the present 
invention are disclosed in Gordon, 1997 and include, for 
example, Bacillus anthracis (anthrax); Bordetella pertussis 
(Whooping cough), Borrelia burgdorferi (lyme disease), 
Campylobacter jejuni (gastroenteritis), Chlamydia tra 
chomatis (pelvic in?ammatory disease, blindness), 
Clostridium botulinum (botulism), Corynebacterium dipth 
theriae (diphtheria), Escherichia coli (diarrhea, urinary tract 
infections), Haemophilus in?uenzae (pneumonia), Helico 
bacter pylori (gastritis, duodenal ulcer), Legionella pneumo 
phila (Legionnaires’ disease), Listeria monocytogenes (men 
ingitis, sepsis), Mycobacterium leprae (leprosy), 
Mycobacterium tuberculosis (tuberculosis), Neisseria gonor 
rhoeae (gonorrhea), Neisseria meningitidis (sepsis, meningi 
tis), Pseudomonas aeruginosa (nosocomial infections), 
Pseudomonas aeruginosa (nosocomial infections), Rickett 
sia (Rocky Mountain spotted fever), Salmonella (typhoid 
fever, gastroenteritis), Shigella (dysentery), Staphylococcus 
aureus (impetigo, toxic shock syndrome), Streptococcus 
pneumoniae (pneumonia, otitis media), Streptococcus pyo 
genes (Rheumatic fever, pharyngitis), Treponema pallidum 
(syphilis), Vlbl’lO cholerae (cholera), Yersinia pestis (bubonic 
plague). 
[0086] Other parasites Which can be used in the present 
invention are disclosed in Gordon, 1997 and include, for 
example, African trypanosomes (trypanosomiasis), Entam 
oeba histolytica (amebic dysentery), Giardia lamblia (diar 
rheal disease), Leishmania (lesions of the spleen, tropical 
sores), Plasmodium (malaria), Micro?lariae (?lariasis), 
Schistosomes (schistosomiasis), Toxoplasma gondii (toxo 
plasmosis), Trichomonas vaginalis (vaginitis), Trypanosoma 
cruzi (Chagas disease). 
[0087] Fungi Which can be used in the present invention are 
disclosed in Gordon, 1997 and include, for example, Candida 
albicans (mucosal infections), Histoplasma (lung, lymph 
node infections), Pneumocystis carini (pneumonia in AIDS), 
Aspergillusfumigatis (aspergillosis). 

Adjuvant 

[0088] The formulation also contains an adjuvant, although 
a single molecule may contain both adjuvant and antigen 
properties (e. g., cholera toxin) (Elson and Dertzbaugh, 1994). 
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Adjuvants are substances that are used to speci?cally or non 
speci?cally potentiate an antigen-speci?c immune response. 
Usually, the adjuvant and the formulation are mixed prior to 
presentation of the antigen but, alternatively, they may be 
separately presented Within a short interval of time. 
[0089] Adjuvants are usually products of bacteria, parasites 
or even viruses or bacteria, but may be derived from other 
natural or synthetic sources. Adjuvants include, for example, 
an oil emulsion (e.g., complete or incomplete Freund’s adju 
vant), a chemokine (e. g., defensins 1 or 2, RANTES, MlP1 -0t, 
MlP-2, interleukin-8) or a cytokine (e.g., interleukin-1B, -2, 
-6, -10 or -12; y-interferon; tumor necrosis factor-0t; or granu 
locyte-monocyte-colony stimulating factor) (revieWed in 
Nohria and Rubin, 1994), a muramyl dipeptide derivative 
(e.g., murabutide, threonyl-MDP or muramyl tripeptide), a 
heat shock protein or a derivative, a derivative of Leishmania 
major LelF (Skeiky et al., 1995), cholera toxin or cholera 
toxin B, bARES, a lipopolysaccharide (LPS) derivative (e.g., 
lipid A or monophosphoryl lipid A, synthetic lipid A ana 
logues), or superantigen (Saloga et al., 1996) block copoly 
mers or otherpolymers knoWn in the art. Also, see Richards et 
al. (1995) for other adjuvants useful in immunization. 
[0090] An adjuvant may be chosen to preferentially induce 
antibody or cellular effectors, speci?c antibody isotypes (e.g., 
lgM, lgD, lgA1, lgA2, secretory lgA, lgE, lgG1, lgG2, lgG3, 
and/or lgG4), or speci?c T-cell subsets (e.g., CTL, Th1, Th2 
and/or TDTH) (Munoz et al., 1990; Glenn et al., 1995). 
[0091] 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 Jan 
eWay, 1997). These structures are called pathogen-associated 
molecular patterns (PAMPs) and include lipopolysaccha 
rides, teichoic acids, unmethylated CpG motifs, double 
stranded RNA and mannins, for example. 
[0092] PAMPs induce endogenous danger signals that can 
enhance the immune 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 and their targets are APCs such as macrophages 
and dendritic cells. The antigen presenting cells of the skin 
could likeWise be stimulated by PAMPs transmitted through 
the skin. For example, Langerhans cells, a type of dendritic 
cell, couldbe activated by a PAMP in solution on the skin With 
a transcutaneously poorly immunogenic 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 functions to guide the immune 
response, for example from a Th2 to a Th1 response. 
[0093] 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), per 
tussis toxin (PT), C. bolulinum toxin C2, C. bolulinum toxin 
C3, C. limosum exoenzyme, B. cereus exoenzyme, 
Pseudomonas exotoxin S, Staphylococcus aureus EDlN, and 
B. sphaericus toxin. 
[0094] Cholera toxin is an example of a bARE that is orga 
nized With A and B subunits. The B subunit is the binding 
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subunit and consists of a B-subunit pentamer Which is non 
covalently 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 A subunit 
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. 

[0095] 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). 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-ribosy 
lating exotoxin activities. Another bARE, Pseudomonas exo 
toxin A (ETA), binds to the (x2-macroglobulin receptor-loW 
density lipoprotein receptor-related protein (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 immu 
nization, 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 epicutaneouly applied to the 
skin in a simple solution. 

[0096] All licensed vaccines require a level of antibody for 
approvalino other immune component such as T-cell pro 
liferation is used. Protection against the life-threatening 
infections diphtheria, pertussis, and tetanus (DPT) can be 
achieved by inducing high levels of circulating anti-toxin 
antibodies. Pertussis may be an exception in that some inves 
tigators feel that antibodies directed to other portions of the 
invading organism are necessary for protection, although this 
is controversial (see Schneerson et al., 1996) and most neW 
generation acellular pertussis vaccines have PT as a compo 
nent of the vaccine (Krueger and Barbieri, 1995). The 
pathologies in the diseases caused by DPT are directly related 
to the effects of their toxins and anti-toxin antibodies most 
certainly play a role in protection (Schneerson et al., 1996). 
[0097] In general, toxins can be chemically inactivated to 
form toxoids Which are less toxic but remain immunogenic. 
We envision that the one embodiment of transcutaneous 
immunization system Will use toxin-based immunogens and 
adjuvants to achieve anti-toxin levels adequate for protection 
against these diseases. The anti-toxin antibodies may be 
induced through immunization With the toxins, or geneti 
cally-detoxi?ed toxoids themselves, or With toxoids and adju 
vants such as CT. Genetically toxoided toxins Which have 
altered ADP-ribosylating exotoxin activity, or trypsin cleav 
age site mutations or other mutations are envisioned to be 
especially useful as non-toxic activators of antigen presenting 
cells used in transcutaneous immunization. Mutants based on 
inactivating the catalytic activity of the ADP-ribosyl trans 
ferase by genetic deletion retain the binding capabilities, but 
lack the toxicity, of the natural toxins. This approach is 
described by Bumette et al. (1994), Rappuoli et al. (1995), 
and Rappuoli et al. (1996). Such genetically toxoided exo 
toxins could be useful for transcutaneous immunization sys 
tem in that they Would not create a safety concern as the 
toxoids Would not be considered toxic. There are other geneti 
cally altered toxins Which have, for example, deletions of the 
trysin cleavage site and use both non-toxic and immunoge 
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neric on the skin. However, activation through a technique 
such as trypsin cleavage Would be expected to enhance the 
adjuvant qualities of LT through the skin Which is lacking 
inherent trypsin enzymes. Additionally, several techniques 
exist to chemically toxoid toxins Which can address the same 
problem (Schneerson et al., 1996). These techniques could be 
important for certain applications, especially pediatric appli 
cations, in Which ingested toxins (e.g., diphtheria toxin) 
might possibly create adverse reactions. 
[0098] Optionally, an activator of Langerhans cells may be 
used as an adjuvant. Examples of such activators include: an 
inducer of heat shock protein; contact sensitizer (e.g., trini 
trochlorobenzene, dinitro?uorobenzene, nitrogen mustard, 
pentadecylcatechol); toxin (e.g., Shiga toxin, Staph entero 
toxin B); lipopolysaccharide, lipid A, or derivatives thereof; 
bacterial DNA (Stacey et al., 1996); cytokine (e.g., tumor 
necrosis factor-0t, interleukin-1B, -l0, -l2); calcium ions in 
solution; calcium ionophores, and chemokine (e.g., defensins 
1 or 2, RANTES, MIP-lot, MIP-2, interleukin-8). 
[0099] If an immunizing antigen has su?icient Langerhans 
cell activating capabilities then a separate adjuvant may not 
be required, as in the case of CT Which is both antigen and 
adjuvant. It is envisioned that Whole cell preparations, live 
viruses, attenuated viruses, DNA plasmids, and bacterial 
DNA could be suf?cient to immunize transcutaneously then 
an adjuvant is present. It may be possible to use loW concen 
trations of contact sensitizers or other activators of Langer 
hans cells to induce an immune response Without inducing 
skin lesions. 
[0100] Practical Aspects of Transcutaneous Immunization 
[0101] E?icient immunization can be achieved With the 
present invention because transcutaneous delivery of antigen 
may target the Langerhans cell. These cells are found in 
abundance in the skin and are e?icient 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 e?iciency of transcutaneous delivery may be 
related to the surface area exposed to antigen and adjuvant. In 
fact, the reason that transcutaneous immunization is so e?i 
cient may be that it targets a larger number of these e?icient 
antigen presenting cells than intramuscular immunization. 
[0102] We envision the present invention Will enhance 
access to immunization, While inducing a potent immune 
response. Because transcutaneous immunization does not 
involve physical penetration of the skin and the complications 
and di?iculties thereof, the requirements of trained person 
nel, 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, but 
boosting is generally needed. Needle free immunization is a 
priority for the World Health Organization (WHO) because of 
the reuse of needles Which causes needle-bome disease. 

[0103] Immunization may be achieved using epicutaneous 
application of a simple solution of antigen and adjuvant 
impregnated in gauze under an occlusive patch, or by using 
otherpatch technologies; creams, gels, immersion, ointments 
and sprays are other possible methods of application. The 
immunization could be given by untrained personnel, and is 
amenable to self-application. Large-scale ?eld immunization 
could occur given the easy accessibility to immunization. 
Additionally, a simple immunization procedure Would 
improve access to immunization by pediatric patients and the 
elderly, and populations in Third World countries. 
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[0104] For previous vaccines, their formulations Were 
injected through the skin With needles. Injection of vaccines 
using needles carries certain draWbacks including the need 
for sterile needles and syringes, trained medical personnel to 
administer the vaccine, discomfort from the injection, and 
potential complications brought about by puncturing the skin 
With the needle. Immunization through the skin Without the 
use of needles (i.e., transcutaneous immunization) represents 
a major advance for vaccine delivery by avoiding the afore 
mentioned draWbacks. 

[0105] 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. A therapeutically effective amount 
of antigen su?icient to induce an immune response may be 
delivered transcutaneously either at a single cutaneous loca 
tion, or over an area of intact skin covering multiple draining 
lymph node ?elds (e.g., cervical, axillary, inguinal, epitroche 
lear, popliteal, those of the abdomen and thorax). Such loca 
tions close to numerous different lymphatic nodes at loca 
tions 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 subcu 
taneous or intramuscular injection. 

[0106] 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 pre 
senting cells and the larger population of antigen presenting 
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 phagocytic cells of the 
skin such as, for example, dermal dendritic cells, macroph 
ages, and other skin antigen presenting cells; antigen may 
also be delivered to phagocytic cells of the liver, spleen, and 
bone marroW that are knoWn to serve as the antigen presenting 
cells through the blood stream or lymphatic system. Langer 
hans cells, dendritic cells, and macrophages may be speci? 
cally targeted using Fc receptor conjugated to or recombi 
nantly produced as a protein fusion With adjuvant; also, 
complement receptors (C3, C5) may be conjugated to or 
recombinantly produced as a protein fusion With protein A or 
protein G to target surface immunoglobulin of B cells. The 
result Would be targeted distribution of antigen to antigen 
presenting cells to a degree that is rarely, if ever achieved, by 
current immunization practices. 
[0107] The transcutaneous immunization system may be 
applied directly to the skin and alloWed to air dry; rubbed into 
the skin or scalp; held in place With a dressing, patch, or 
absorbent material; immersion; otherWise held 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 absorbant 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, Inc.), plastic ?lm, COMFEEL (Coloplast) 
or vaseline; or a non-occlusive dressing such as, for example, 
DUODERM (3M) or OPSITE (Smith & Napheu). An occlu 
sive dressing completely excludes the passage of Water. The 
formulation may be applied to single or multiple sites, to 
single or multiple limbs, or to large surface areas of the skin 
by complete immersion. The formulation may be applied 
directly to the skin. 
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[0108] Genetic immunization has been described in US. 
Pat. Nos. 5,589,466, 5,593,972, and 5,703,055. The nucleic 
acid(s) contained in the formulation may encode the antigen, 
the adjuvant, or both. It Would generally be expected that the 
immune response Would be enhanced by the coadministration 
of an adjuvant, for example, CT, LT or CpGs to the nucleic 
acid encoding for the antigen. The nucleic acid may or may 
not be capable of replication; it may be non-integrating and 
non-infectious. For example, the nucleic acid may encode a 
fusion polypeptide comprising antigen and a ubiquitin 
domain to direct the immune response to a class I restricted 
response. The nucleic acid may further comprise a regulatory 
region (e.g., promoter, enhancer, silencer, transcription ini 
tiation and termination sites, RNA splice acceptor and donor 
sites, polyadenylation signal, internal ribosome binding site, 
translation initiation and termination sites) operably linked to 
the sequence encoding the antigen. The nucleic acid may be 
complexed With an agent that promotes transfection such as 
cationic lipid, calcium phosphate, DEAE-dextran, poly 
brene-DMSO, or a combination thereof; also, immune cells 
can be targeted by conjugation of DNA to Fc receptor or 
protein A/G, or encapsulating DNA in an agent linked to Fc 
receptor or protein A/ G. The nucleic acid may comprise 
regions derived from viral genomes. Such materials and tech 
niques are described by Kriegler (1990) and Murray (1991). 
An immune response may comprise humoral (i.e., antigen 
speci?c antibody) and/or cellular (i.e., antigen-speci?c lym 
phocytes such as B cells, CD4+ T cells, CD8+ T cells, CTL, 
Th1 cells, Th2 cells, and/or T DTH cells) effector arms. More 
over, the immune response may comprise NK cells that medi 
ate antibody-dependent cell-mediated cytotoxicity (ADCC). 
[01 09] The immune response induced by the formulation of 
the invention may include the elicitation of antigen-speci?c 
antibodies and/or cytotoxic lymphocytes (CTL, revieWed in 
Alving and Wassef, 1994). Antibody can be detected by 
immunoassay techniques, and the detection of various iso 
types (e.g., IgM, IgD, IgA1, IgA2, secretory IgA, IgE, IgGl, 
IgG2, IgG3, or IgG4) may be expected. An immune response 
can also be detected by a neutralizing assay. Antibodies are 
protective proteins produced by B lymphocytes. They are 
highly speci?c, generally targeting one epitope of an antigen. 
Often, antibodies play a role in protection against disease by 
speci?cally reacting With antigens derived from the patho 
gens causing the disease. 
[0110] CTLs are particular protective immune cells pro 
duced to protect against infection by a pathogen. They are 
also highly speci?c. Immunization may induce CTLs speci?c 
for the antigen, such as a synthetic oligopeptide based on a 
malaria protein, in association With self-maj or histocompat 
ibility antigen. CTLs induced by immunization With the tran 
scutaneous delivery system may kill pathogen infected cells. 
Immunization may also produce a memory response as indi 
cated by boosting responses in antibodies and CTLs, lympho 
cyte proliferation by culture of lymphocytes stimulated With 
the antigen, and delayed type hypersensitivity responses to 
intraderrnal skin challenge of the antigen alone. 
[0111] In a viral neutralization assay, serial dilutions of sera 
are added to host cells Which are then observed for infection 
after challenge With infectious virus. Alternatively, serial 
dilutions of sera may be incubated With infectious titers of 
virus prior to innoculation of an animal, and the innoculated 
animals are then observed for signs of infection. 

[0112] The transcutaneous immunization system of the 
invention may be evaluated using challenge models in either 
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animals or humans, Which evaluate the ability of immuniza 
tion With the antigen to protect the subject from disease. Such 
protection Would demonstrate an antigen-speci?c immune 
response. In lieu of challenge, for example achieving anti 
diphtheria antibody titers of 5 IU/ml or greater is generally 
assumed to indicate optimum protection and serves as a sur 

rogate marker for protection (Plotkin and Mortimer, 1994). 
[0113] Vaccination has also been used as a treatment for 
cancer and autoimmune disease. For example, vaccination 
With a tumor antigen (e.g., prostate speci?c antigen) may 
induce an immune response in the form of antibodies, CTLs 
and lymphocyte proliferation Which alloWs the body is 
immune system to recognize and kill tumor cells. Tumor 
antigens useful for vaccination have been described for mela 
noma (US. Pat. Nos. 5,102,663, 5,141,742, and 5,262,177), 
prostate carcinoma (U .S. Pat. No. 5,538,866), and lymphoma 
(US. Pat. Nos. 4,816,249, 5,068,177, and 5,227,159). Vacci 
nation With T-cell receptor oligopeptide may induce an 
immune response that halts progression of autoimmune dis 
ease (US. Pat. Nos. 5,612,035 and 5,614,192; Antel et al., 
1996; Vandenbark et al., 1996). US. Pat. No. 5,552,300 also 
describes antigens suitable for treating autoimmune disease. 
[0114] The folloWing is meant to be illustrative of the 
present invention; hoWever, the practice of the invention is not 
limited or restricted in any Way by the examples. 

EXAMPLES 

[0115] Immunization procedure. TWenty four hours prior to 
immunization, the back of the mouse is shaved from the distal 
aspect of the scapula to 0.5 cm above the base of the tail. In the 
case of C57B 1 6 mice, the animals are lightly anesthetized (40 
mg/kg ketamine: 4 mg/kg xylazine mixture in saline) prior to 
shaving. On the day of immunization the animals are immu 
nized With 0.04 ml of an anesthesia mixture (2.3 mL sterile 
saline (Sigma): 5 mL ketamine (100 mg/mL, Parke-Davis): 
0.5 mL xylazine (100 mg/mL, Phoenix Pharmaceuticals)) 
Which delivers a ?nal dose of approximately 110 mg/kg ket 
amine and 1 1 mg/kg xylazine. For procedures requiring alco 
hol sWabbing, the back is Wiped 10>< (5>< sWeeping up the 
back toWards the head, ?ip over alcohol pad and sWeep back 
5>< more) using an isopropyl pad. The alcohol is alloWed to 
evaporate for 5 minutes. Hydration of the back is accom 
plished by gently rubbing the back With a sterile Water-satu 
rated gauze pad so as to form a pool of Water on the back. After 
a 5 minute hydration period, the back is blotted dry With a dry 
gauze pad. Next, antigenigenerally g 100 pg of antigen and 
adjuvant in 100 [1.1 ?nal volume, is applied to the back using a 
pipette and tip and left on the skin for 60 to 120 minutes.After 
the de?ned immunization period has been reached, any 
excess solution in the immunized area is blotted With cotton 
gauze. The animals are then rinsed animals under a sloW 
steady stream of lukeWarm tap Water for 10 seconds to 
remove any excess antigen, blotted dry and the rinsing pro 
cedure repeated. The cages are then placed onto the heating 
pads until they are fully recovered from the anesthesia. 
Measurement of Human anti-LT Antibody Titers. Anti-LT 
IgG titers Were determined as previously described (Svenner 
holm A-M., Holmgren, 1., Black, R., Levine, M. & Merson, 
M. Serologic differentiation betWeen antitoxin responses to 
infection With Vibrio cholerae and enterotoxin-producing 
Escherichia coli. J. Infect. Dis. 147, 541-522 (1983). 96 Well 
(Type-Russell) plates Were coated overnight With monosia 
loganglioside-GMl (Sigma, St. Louis, Mo.) of LT (Sigma), 
blocked With 5% dry milk in PBS-0.05% TWeen. Responses 
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Were detected using goat anti-human IgG(y)-HRP (Kirkeg 
aard and Perry, Gaithersburg, Md., and 2,2'-azino-di [3 -ethyl 
benzthiazoline sulfonate (Kirkegaard and Perry) as substrate 
and plates Were read at 405 nm. Results are reported in ELISA 
units (EU) Which are de?ned as the inverse dilution of sample 
Which yields an OD of 1 .0. Anti-LT IgA Was determined in the 
same manner as anti-LT IgG except that goat anti-human 
IgA(0t)-HRP (Kirkegaard and Perry) Was used as secondary 
antibody and ODs Were plotted against a standard IgA curve 
yielding results expressed in ng/ml. The standard IgA curve 
and total serum IgA Were determined by using unlabeled goat 
anti-human IgA (Kirkegaard and Perry) folloWed by blocking 
as above and then application of serial dilutions of IgA stan 
dard 

Example 1 

[0116] SWabbing the skin With a treated or untreated sWab 
is thought to physically and chemically remove a small por 
tion of the stratum corneum and thus enhance skin penetra 
tion. SWabs can be made of materials such as, for example, 
cotton, nylon, rayon and polyethylene. Alcohol sWabbing is 
thought to remove a small portion of the stratum corneum and 
acts both as a physical means and chemical means of penetra 
tion enhancement. In the example above, the enhancement of 
the immune response to transcutaneous immunization can be 
seen With this penetration enhancement method. BALB/ c 
mice 6 to 8 Weeks of age Were anesthetized and shaved as 
described in the “immunization procedure”. TWenty four 
hours later, the backs of the animals Were either Wiped With a 
gauze pad saturated in Water “Water” or Wiped for approxi 
mately 10 seconds With an alcohol prep pad containing 70% 
isopropyl alcohol “isopropanol”. The alcohol Was alloWed to 
evaporate for approximately 5 minutes. The excess Water Was 
removed from the backs of the “Water” group by blotting. All 
animals Were then treated With 20 pg of CT (100 pl of a 0.2 
mg/ml solution). Removal of excess antigen Was conducted 
as described in the “immunization procedure.” 
[0117] The anti-CT antibody titers Were determined using 
ELISA as described above for “ELISA IgG (H+L)” 3 Weeks 
after a single immunization. The results are shoWn in Table 1. 
While CT Was clearly immunogenic in both groups, the group 
treated With the alcohol prep pads exhibited a geometric mean 
titer that Was 6 fold higher and the individual titers Were more 
consistent than the “Water” animals. Thus it appears that 
chemical and physical disruption of the skin surface With 
alcohol sWabs enhances delivery of antigen by the transcuta 
neous route. 

TABLE 1 

Enhancement of transcutaneous immunization by chemical 
penetration enhancement: Anti-CT titers in mice that had 

the skin treated With an alcohol prep pad before application 
of the antigen. 

anti-CT IgG (H + L) ELISA units 

Animal # treatment prebleed Week 3 

7146 Water 1275 
7147 Water 69 
7148 Water 7420 
7149 Water 6025 
7150 Water 3 8 8 

geometric mean 1088 
pooled prebleed 7 

Sep.25,2008 

TABLE l-continued 

Enhancement of transcutaneous immunization by chemical 
penetration enhancement: Anti-CT titers in mice that had 

the skin treated With an alcohol prep pad before application 
of the antigen. 

anti-CT IgG (H + L) ELISA units 

Animal # treatment prebleed Week 3 

7161 isopropanol 3100 
7162 isopropanol 14797 
7163 isopropanol 6670 
7164 isopropanol 7426 
7165 isopropanol 7024 

geometric mean 6928 
pooled prebleed 7 

Example 2 

[0118] To assess Whether chemical penetration enhance 
ment alone might augment transcutaneous immunization a 
detergent Was used on the skin. BALB/c mice 6 to 8 Weeks of 
age Were anesthetized and shaved as described in the “immu 
nization procedure.” TWenty-four hours later, the backs of the 
“Water” group Were Wiped With a gauze pad saturated in Water 
and a pool of Water Was placed on the back. Approximately 5 
minutes later, any excess Water Was removed and 25 pg of CT 
(50 pl of a 0.5 mg/ml solution) Was applied to the back. 
Alternatively, 24 hours after shaving, the backs of the “5% 
SDS” group Were treated by dripping 300 pl of 5% SDS 
(Sodium Dodecyl Sulfateia 1 to 1 mixture of deionized 
Water and commercial stock of 10% SDS), a detergent, for 
approximately 12 minutes folloWed by blotting off any excess 
SDS With a dry gauze pad. SDS can be applied to the skin in 
a carrier such as, for example, a pad and then any excess SDS 
can be removed With a dry gauze pad. Thereafter the animals 
Were hydrated and immunized as per the “Water” group. 
Removal of excess antigen Was conducted as described in the 
“immunization procedure.” 
[0119] The anti-CT antibody titers Were determined using 
ELISA as described above for “ELISA IgG (H+L)” 2 Weeks 
after a single immunization. The results are shoWn in tables 2a 
and 2b. While CT Was clearly immunogenic in both groups, 
the geometric mean titer in the 5% SDS treated group 
approximately 2 fold higher and the titers Were more consis 
tent among the latter animals as compared With the “Water” 
animals. Thus it appears that chemical disruption of the skin 
surface With detergent (5% SDS) enhances delivery of anti 
gen by the transcutaneous route. 

TABLE 2a 

Enhancement of transcutaneous immunization by chemical 
penetration enhancement: Anti-CT titers in mice that had 

the skin treated With detergent (5% SDS) before application 
of the antigen. 

anti-CT IgG (H + L) 
ELISA units 

Animal # treatment prebleed Week 2 

546 Water 4629 
547 Water 3154 
548 Water 7288 
549 Water 1719 
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TABLE 2a-continued 

Enhancement of transcutaneous immunization by chemical 
penetration enhancement: Anti-CT titers in mice that had 

the skin treated With detergent (5% SDS) before application 
of the antigen. 

anti-CT IgG (H + L) 
ELISA units 

Animal # treatment prebleed Week 2 

550 Water 1 1779 
geometric mean 3678 
pooled prebleed 5 

596 5% SDS 6945 
597 5% SDS 2244 
598 5% SDS 8604 
599 5% SDS 7093 
600 5 % S DS 125 83 

geometric mean 5553 
pooled prebleed 1 

TABLE 2b 

Enhancement of transcutaneous immunization by chemical 
penetration enhancement: Anti-CT titers in mice that had 

the skin treated With detergent (5% SDS) before application 
of the antigen. 

anti-CT IgG (H + L) 
ELISA units 

Animal # treatment prebleed Week 3 

546 Water 22525 
547 Water 8939 
548 Water 11885 
549 Water 5121 
550 Water 37770 

geometric mean 10521 
pooled prebleed 11 

596 5% SDS 102387 
597 5% SDS 6597 
598 5% SDS 47245 
599 5% SDS 45565 
600 5% SDS 38413 

geometric mean 34725 
pooled prebleed 6 

Example 3 

[0120] Another form of chemical penetration enhance 
ment, a depilatory (such as, for example, calcium hydroxide 
or the like) is Widely used in dermatologic experiments and 
Was shoWn to enhance transcutaneous immunization. 
BALB/c mice 6 to 8 Weeks of age Were anesthetized and 
shaved as described in the “immunization procedure.” 
TWenty-four hours later, the backs of the “Water” group Were 
Wiped With a gauze pad saturated in Water and a pool of Water 
Was placed on the back. Approximately 5 minutes later, any 
excess Water Was removed and 25 pg of CT (50 pl of a 0.5 
mg/ml solution) Was applied to the back. Alternatively, 
tWenty-four hours after shaving, the backs of the “Nair©” 
group Were treated With 100 pl of Nair© cream for approxi 
mately 12 minutes followed by Wiping off of the formulation 
With a gauze pad saturated in Water. Such treatment can con 
tinue for from about 0.1 to 30 minutes preferably about 20 
minutes and more preferably about 12 minutes. Thereafter the 
animals Were hydrated and immunized as per the “Water” 
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group. Removal of excess antigen Was conducted as 
described in the “immunization procedure.” 
[0121] The anti-CT antibody titers Were determined using 
ELISA as described above for “ELISA IgG (H+L)” 2 Weeks 
after a single immunization. The results are shoWn in tables 3a 
and 3b. While CT Was clearly immunogenic in both groups, 
the geometric mean titer in the nair treated group Was 3 fold 
higher and the titers Were more consistent among the latter 
animals as compared With the “Water” animals. Thus it 
appears that chemical disruption of the skin surface With 
calcium hydroxide, the active ingredient in Nair© cream, 
enhances delivery of antigen by the transcutaneous route. 

TABLE 3a 

Enhancement of transcutaneous immunization by chemical 
penetration enhancement: Anti-CT titers in mice that had 
the skin treated With calcium hydroxide (nair ©) before 

application ofthe antigen. 

anti-CT IgG (H + L) 
ELISA units 

Animal # treatment prebleed Week 2 

546 Water 4629 
547 Water 3154 
548 Water 7288 
549 Water 1719 
550 Water 11779 

geometric mean 3 678 
pooled prebleed 5 

581 nair © 17621 
582 nair © 12261 
583 nair © 7235 
584 nair © 7545 
585 nair © 5997 

geometric mean 10421 
pooled prebleed 4 

TABLE 3b 

Enhancement of transcutaneous immunization by chemical 
penetration enhancement: Anti-CT titers in mice that had the 

skin treated With calcium hydroxide (nair ©) before 
application of the antigen. 

anti-CT IgG (H + L) 
ELISA units 

Animal # treatment prebleed Week 3 

546 Water 22525 
547 Water 8939 
548 Water 1 1 885 
549 Water 5 121 
550 Water 37770 

geometric mean 10521 
pooled prebleed 11 

5 81 nair © 34222 
5 82 nair © 45 674 
583 nair © 50224 
584 nair © 27270 
5 85 nair © 21 832 

geometric mean 38251 
pooled prebleed 15 

Example 4 

[0122] Further studies Were conducted to evaluate the 
effect of chemical penetration enhancement using a kerati 
nolytic formulation (such as a salicylate). BALB/c mice 6 to 
































