wo 20187195527 A1 |0 00O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation > 0 0 0 00O 0
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 2018/195527 Al

25 October 2018 (25.10.2018) WIPOI|PCT

(51) International Patent Classification:
CO7K 14/705 (2006.01) A61K 39/00 (2006.01)
A61K 38/17 (2006.01) CO7K 19/00 (2006.01)

Published:
with international search report (Art. 21(3))
—  with sequence listing part of description (Rule 5.2(a))
(21) International Application Number:
PCT/US2018/028753

(22) International Filing Date:
22 April 2018 (22.04.2018)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/488,741 22 April 2017 (22.04.2017) US
62/549,119 23 August 2017 (23.08.2017) US
62/549,033 23 August 2017 (23.08.2017) US

(71) Applicant: IMMUNOMIC THERAPEUTICS, INC.
[US/US]; 15010 Broschart Road, Suite 250, Rockville,
Maryland 20850 (US).

(72) Imventor: HEILAND, Teri; 6241 Sawyer Road, New Mar-
ket, Maryland 21774 (US).

(74) Agent: WALES, Michele M.; 11816 Centurion Way, Po-
tomac, Maryland 20854 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: IMPROVED LAMP CONSTRUCTS

(57) Abstract: The present invention provides improved LAMP Constructs comprising specific fragments of the LAMP lumenal do-
main to deliver antigens to immune cells for enhanced processing. These LAMP Constructs can be used for the treatment of disease
and in particular, allergies, infectious disease, diabetes, hyperproliferative disorders and/or cancer. The improved LAMP Constructs
allow for presentation of properly configured three dimensional epitopes for production of an immune response when administered
to a subject. The improved LAMP Constructs can be multivalent molecules, and/or can be provided as part of a multivalent vaccine
containing two or more LAMP Constructs. The improved LAMP Constructs as described herein can also be used to generate antibodies
when administered to a non-human vertebrate.



WO 2018/195527 PCT/US2018/028753

IMPROVED LAMP CONSTRUCTS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The invention relates to improved LAMP Constructs and their use in
treating subjects suffering from infectious disease, diabetes, allergies, hyperproliferative
disorders and/or cancer. Additionally, improved LAMP constructs described herein can
be used to generate antibodies in non-human vertebrates preferably where the genome of
the non-human vertebrates comprise at least partially human immunoglobulin regions
and/or humanized immunoglobulin regions. Prime boost protocols utilizing the LAMP

improved Constructs described herein are also described.

Discussion of the Related Art

[0002] In the following discussion, certain articles and methods will be described
for background and introductory purposes. Nothing contained herein is to be construed
as an "admission" of prior art. Applicant expressly reserves the right to demonstrate,
where appropriate, that the articles and methods referenced herein do not constitute prior
art under the applicable statutory provisions.

[0003] DNA vaccines are new and promising candidates for the development of
both prophylactic and therapeutic vaccines. They are proven to be safe and the lack of
immune responses to a vector backbone may be a definitive advantage if repetitive cycles
of vaccination are required to achieve clinical benefits. However, one perceived
disadvantage of conventional DNA vaccines is their low immunogenicity in humans. A
key limiting step in the immunogenicity of epitope-based DNA vaccines may be the access
of epitopes to the MHCII presentation pathway to T cells, which is likely a stochastic
process in the case of a vaccine without targeting technology.

[0004] U.S.Pat. No. 5,633,234 describes chimeric proteins comprising an antigenic
domain of modified influenza hemagglutinin (HA) and a cytoplasmic
endosomal/lysosomal targeting signal which effectively target antigens to that
compartment. The antigenic domain was processed and peptides from it presented on the

cell surface in association with major histocompatibility (MHC) class II molecules. The
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cytoplasmic tail of LAMP-1 was used to form the endosomal/lysosomal targeting domain
of the chimeric protein.

[ooo5] U.S. Pat. No. 8,318,173 extended these initial observations to describe
chimeric proteins (and the corresponding DNAs that encode these proteins) comprising
the HIV-1 Gag protein inserted between the full lumenal domain and a transmembrane
domain of LAMP-1. This construct was introduced into dendritic cells which were then
reported to target the MHC II pathway.

[0006] This approach has proved useful in increasing cellular and humoral
responses to several virus antigens, human papillomavirus E7, dengue virus membrane
protein, HIV-1 gp160 membrane protein, HIV-1 p55 Gag, West Nile membrane protein,
hepatitis C virus NS3 protein and cytomegalovirus pp6s (see, e.g., Bonini, et al., J.
Immunol. 166: 5250-5257, 2001). The enhanced immune response can be attributed to
co-localization of LAMP with MHC II and the more efficient processing and delivery of
antigenic peptides. In addition, LAMP-targeting is reported to result in the presentation
of an increased number of immunogenic epitopes, thus inducing a qualitatively
broadened immune response compared to untargeted antigen. For example, Fernandes
et al., 2000, Eur. J. Immunol. 30(8): 2333-43, demonstrated an increase in the number
of presented peptides of a LAMP-trafficked OVA antigen encoded in a vaccinia vector. Of
12 peptides generated from exogenously supplied OVA, 9 were presented by an
OVA/LAMP chimera, as compared to only 2 by the construct without LAMP.

[0007] While it has been determined that the cytoplasmic domain of LAMP is
necessary (in conjunction with a signal sequence and transmembrane domain), it is not
always sufficient for endosomal/lysosomal trafficking of all antigens. Instead, the full
lumenal domain of LAMP has been shown to be also required for the trafficking of
proteins to the lysosomal vesicular pathway.

[0008] However, even with the presence of the complete lumenal domain and the
complete transmembrane/cytoplasmic tail of LAMP (“complete LAMP Constructs”), it
has increasingly been found that the efficacy of a particular antigen to raise an immune
response is highly dependent on the particular sequence used in these constructs. Infact,
different antigenic fragments of the same protein when inserted into the complete LAMP
constructs have been found to not elicit the same immune response. Sometimes the

antigen fragment generates an immune response and other times it does not. These
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observations make the ability to predict ahead of time which particular antigenic
sequence from a protein of interest will raise an immune response difficult with the
complete LAMP Constructs.

[0009] Moreover, in generating the complete LAMP Constructs, it has been
repeatedly observed that the full lumenal domain is required to properly express and
process an antigen. For example, in Godinho et al., PLoS ONE 9(6): 9(6): €99887.
doi:10.1371/journal.pone.0099887, the authors reported that the complete and intact
lumenal domain was the necessary minimal region needed to target an antigen to the
lysosomes and that fragments of the lumenal domain did not work. See, id. at page 6.

[0010]  Specifically, the Godinho authors showed that by completely removing the
first luminal domain and some of the second luminal domain (i.e., T1i-Lum/gag
construct), both protein expression and antibody response is decreased. Similarly,
removing 25% of first luminal domain but having an intact second luminal domain (i.e.,
T2-lum/gag), both protein expression and antibody response comparatively increased
but still less than the results obtained with the complete LAMP construct.

[0o011]  Moreover, the authors acknowledged that the ability to raise an immune
response is dependent upon the particular antigen and the epitopes used in these
complete LAMP Constructs. For example, on page 9, column 2, the authors state
“accordingly, previous studies demonstrated that DNA vaccines that generate Gag
secreted as VLP, or in a soluble form, induce different levels of T and B cell activation,
which were also different from the response induced by cytoplasmic Gag.” However,
insertion of an antigenic sequence between the full lumenal domain of LAMP and the full
transmembrane/cytoplasmic domain of LAMP as has been described in the literature
results in such large polynucleotide sequences that it becomes either too costly to produce
at commercial levels or impractical from a scientific perspective.

[0012] Thus, there is a need to design new and improved LAMP Constructs that
can be used as vaccines to effectively treat, for example, allergies, infectious disease,
diabetes, hyperproliferative disorders and/or cancer. Moreover, once improved, these

new LAMP Constructs can be used to generate antibodies.
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SUMMARY OF THE INVENTION

[0013] This Summary is provided to introduce a selection of concepts in a
simplified form that are further described below in the Detailed Description. This
Summary is not intended to identify key or essential features of the claimed subject
matter, nor is it intended to be used to limit the scope of the claimed subject matter. Other
features, details, utilities, and advantages of the claimed subject matter will be apparent
from the following written Detailed Description including those aspects illustrated in the
accompanying drawings and defined in the appended claims.

[0014] It is an object of this invention to provide novel constructs (“improved
LAMP Constructs”) comprising specific fragments and/or variants of LAMP domains that
effectively present an antigen(s) of interest to the immune system to generate an
enhanced immune response. These improved LAMP Constructs effectively direct the
antigens to the lysosomal/endosomal compartment where they are processed and
presented to major histocompatibility complex (MHC) class II molecules so that helper T
cells are preferentially stimulated and/or antibodies are generated.

[0015] The improved LAMP Constructs and methods described herein may elicit
an immune response in a subject. The immune response may be an immune response to
the epitopes of the antigens in the improved LAMP Construct (e.g., vaccine). Vaccines
arm the immune system of the subject such that the immune system may detect and
destroy that which contains the antigens of the vaccines in the subject. The improved
LAMP Constructs and methods described herein may elicit a Thl immune response in the
subject. Thl immune responses may include secretion of inflammatory cytokines (e.g.,
IFNy, TNFa) by a subset of immune cells (e.g., antigen specific T-cells). In some cases,
the inflammatory cytokines activate another subtype of immune cells (e.g., cytotoxic T-
cells) which may destroy that which contains the antigen in the subject.

[0016] In some cases, the epitopes and/or antigens used in the improved LAMP
Constructs and methods described herein may be recognized by the immune system of a
subject to elicit a Thl immune response and release Type I cytokines. The Thl response
may be initiated by the interaction between the epitope and the T-cell, more specifically,
the major histocompatibility complex (MHC) expressed by the T-cell. For example, high
affinity binding of an epitope to an MHC receptor may stimulate a Thl response. MHC
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receptors may be at least one of a plurality of types of MHC receptors. The MHC receptors
engaged on a T-cell may vary across individuals in a population.

[0017] In some cases, the immune response is a Type 1 immune response. In some
cases, the immune response is characterized by a ratio of Type I cytokine production to
Type II cytokine production that is greater than 1. In some cases, the immune response is
characterized by a ratio of Type I cytokine production to Type II cytokine production that
is less than 1. In some cases, the immune response is characterized by a ratio of IFNy
production to IL-10 production that is greater than 1. In some cases, the immune
response is characterized by a ratio of IFNy production to IL-10 production that is less
than 1.

[0018] It is yet another object of this invention to provide improved methods of
treatment for cancer and/or hyperproliferative disorders by eliciting an anti-tumor
immune response through stimulation of helper T cells.

[0019] The improved LAMP Constructs described herein can also be used to treat
allergies, such as for example, food allergies (e.g., peanut allergens, such as Ara Hi, H2
and/or H3), or environmental allergens, such as for example pollen {iree pollen, such as
for example CRY Ji or CRY J2}, dog dander, cat saliva, or dust mites. Other diseases
and/or disorders that can be treated using the improved LAMP Constructs described
herein include, for example, infectious disease and diabetes.

[0020] The invention further provides a nucleic acid molecule encoding any of the
improved LAMP Constructs described herein. The invention also provides an improved
LAMP Construct comprising an antigen to generate antibodies. The improved LAMP
Construct can comprise a nucleic acid wherein the nucleic acid molecule is operably
linked to an expression control sequence. In one preferred aspect, the improved LAMP
Construct is a vaccine vector, suitable for vaccinating a patient. In another aspect, the
invention provides a delivery vehicle comprising the improved LAMP Construct for
facilitating the introduction of the nucleic acid molecule encoding the antigen into a cell.
The delivery vehicle may be lipid-based (e.g., a liposome formulation), viral-based (e.g.,
comprising viral proteins encapsulating the nucleic acid molecule), or cell-based.

[0021] In preferred embodiments, the invention provides an injectable
composition comprising an improved LAMP Construct comprising an antigen of interest

for eliciting an immune response (e.g., generation of antibodies) in a mammal to an
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antigen. In preferred embodiments, this vaccine generates a preferential Th1 response to
a Th2 response. The improved LAMP Constructs comprise at least one epitope of an
antigen.

[0022] The invention also provides a cell comprising any of the improved LAMP
Constructs described herein which can be used to generate an immune response. In one
aspect, the cell is an antigen presenting cell. The antigen presenting cell may be a
professional antigen presenting cell (e.g., a dendritic cell, macrophage, B cell, and the like)
or an engineered antigen presenting cell (e.g., a non-professional antigen presenting cell
engineered to express molecules required for antigen presentation, such as MHC class II
molecules). The molecules required for antigen presentation may be derived from other
cells, e.g., naturally occurring, or may themselves be engineered (e.g. mutated or modified
to express desired properties, such as higher or lower affinity for an antigenic epitope). In
one aspect, the antigen presenting cell does not express any co-stimulatory signals and
the antigen is an auto-antigen.

[0023] The invention additionally provides a kit comprising a plurality of cells
comprising any of the improved LAMP Constructs described herein. At least two of the
cells express different MHC class IT molecules, and each cell comprises the same LAMP
Construct. In one aspect, a kit is provided comprising an improved LAMP Construct and
a cell for receiving the vector.

[0024] The invention also provides a transgenic animal comprising at least one of
the cells and/or at least one of the improved LAMP Constructs described herein. The
invention also provides a transgenic animal comprising at least one of the cells described
herein.

[0025] The invention further provides a method for generating an immune
response in an animal (e.g., a human or a non-human vertebrate) to an antigen,
comprising: administering to the animal a cell as described above, wherein the cell
expresses, or can be induced to express, the improved LAMP Construct in the animal. In
one aspect, the cell comprises an MHC class II molecule compatible with MHC proteins
of the animal, such that the animal does not generate an immune response against the
MHC class IT molecule. In one preferred aspect, the animal is a human.

[0026] In one further aspect, the invention provides a method for eliciting an

immune response to an antigen, comprising administering to an animal, such as a human
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or a non-human vertebrate, any of the improved LAMP Constructs described herein.
Preferably, the improved LAMP Construct is infectious for a cell of the animal. For
example, the improved LAMP Construct may be a viral vector, such as a vaccinia
improved LAMP Construct.

[0027]  Prime boost protocols are also contemplated. For example, the invention
further provides a method for generating an immune response in an animal to an antigen,
comprising priming the animal with an improved LAMP Construct comprising an antigen
as described herein followed by at least one boosting of the animal with the antigen or a
related antigen (e.g., a second antigen derived from the same or highly similar protein
sequence). Mixtures of antigens can be used in either or both the priming and the
boosting step. Use of an improved LAMP Construct for the prime step followed by an
antigen boost step has been shown to significantly produce higher titers, indicating the
power of LAMP in enhancing antibody response.

[0028] In a further aspect, a cell is obtained from a patient, the improved LAMP
Construct described herein is introduced into the cell and the cell or progeny of the cell is
reintroduced into the patient. In one aspect, the cell is a stem cell-capable of
differentiating into an antigen presenting cell. Treatments of human patients as well as
veterinary use are specifically contemplated.

[0029] The present invention also comprises methods of generating antibodies in
a non-human vertebrate wherein the non-human vertebrate is injected with an improved
LAMP Construct comprising an antigen of interest as described herein. The antigen of
interest is then efficiently presented to the immune system with the help of LAMP in the
non-human vertebrate to raise antibodies against the antigen.

[0030] Specifically, by combining presentation of the antigen of interest with
LAMP, the antigen 1is then effectively transported to the cytoplasmic
endosomal/lysosomal compartments, where the antigen can be processed and peptides
from it presented on the cell surface in association with major histocompatibility (MHC)
class IT molecules.

[0031] These generated antibodies can be isolated from the blood of the vertebrate
(as polyclonals) and then further isolated to generate monoclonal antibodies using

standard techniques.
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[0032] In preferred embodiments, the genome of the non-human vertebrate
comprises an introduced partially human immunoglobulin region, said introduced region
comprising human immunoglobulin variable region locus coding sequences and non-
coding sequences based on the endogenous immunoglobulin variable region locus of the
non-human vertebrate. Preferably, non-human vertebrate’s genome has at least part or
all of the endogenous immunoglobulin region removed.

[0033] In further preferred embodiments, the production of human monoclonal
antibodies in the non-human vertebrate requires that the host have at least one locus that
will express human heavy chain immunoglobulin proteins and one locus that will express
human light chain immunoglobulin proteins.

[0034] Insome aspects, the partially human immunoglobulin variable region locus
comprises human Vu coding sequences and non-coding Vu sequences based on the
endogenous Vu region of the non-human vertebrate. In these aspects, the partially human
immunoglobulin variable region locus further comprises human D and J gene coding
sequences and non-coding D and J gene sequences based on the endogenous genome of
the non-human vertebrate host.

[0035] In other aspects, the immunoglobulin region comprises an introduced
region comprising human VL coding sequences and non-coding VL sequences based on
the endogenous Vi region of the non-human vertebrate. More preferably, the introduced
partially human immunoglobulin region comprising human V1. coding sequences further
comprises human J gene coding sequences and non-coding J gene sequences based on
the endogenous genome of the non-human vertebrate host.

[0036] In certain aspects, the vertebrate is a mammal, and preferably the mammal
is a rodent, e.g., a mouse or rat. In other aspects, the vertebrate is avian, e.g., a chicken.
Other non-human vertebrates include rabbits, llamas, camels, a cow, a guinea pig, a
hamster, a dog, a cat, a horse, a non-human primate, a simian (e.g. a monkey or ape), a
monkey (e.g. marmoset, baboon, rhesus macaque), or an ape (e.g. gorilla, chimpanzee,
orangutan, gibbon).

[0037] In further embodiments, the partially human immunoglobulin region
comprises human Vu gene coding regions, and further comprises i) human D and J gene
coding sequences and ii) non-coding D and J gene and pre-DJ sequences based on the

endogenous genome of the non-human vertebrate host. In other aspects, the Vu gene
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coding regions derive (at least partially) from other sources--e.g., they could be rationally
or otherwise designed sequences, sequences that are a combination of human and other
designed sequences, or sequences from other species, such as nonhuman primates.

[0038] Inyet another specific aspect, the partially human immunoglobulin region
comprises human VL gene coding regions, and further comprises i) human J gene coding
sequences and ii) non-coding J gene sequences based on the endogenous genome of the
non-human vertebrate host. In a specific aspect, the partially human immunoglobulin
region comprises human Vu coding regions, human D and J gene coding sequences, and
non-coding D and J gene and pre-DJ sequences based on the endogenous genome of the
non-human vertebrate host.

[0039] The methods described herein can be used in the production and/or
optimization of antibodies, including fully human antibodies, humanized antibodies,
chimeric antibodies, for diagnostic and therapeutic uses. Hybridomas producing such
antibodies are also a further object of the invention.

[0040] These and other aspects, objects and features are described in more detail

below.

BRIEF DESCRIPTION OF THE FIGURES

[0041] The objects and features of the invention can be better understood with
reference to the following detailed description and accompanying drawings.

[0042] Figure 1 illustrates the general scheme of different types of improved
LAMP Constructs (identified as ILC-1, ILC-2, ILC-3, ILC-4, ILC-5 and ILC-6) that can be
used as described herein.

[0043] Figure 2A illustrates the domains of the LAMP proteins defined herein
while Figure 2B defines the specific amino acid boundaries of these domains for human
LAMP-1 (SEQ ID NO:1), human LAMP-2 (SEQ ID NO:2), human LAMP-3 (SEQ ID
NO:3), human LIMP-2 (SEQ ID NO:4), human Endolyn (SEQ ID NO:5), human
Macrosailin (SEQ ID NO:80), human LAMP-5 (SEQ ID NO:93) and human LIMBIC (SEQ
ID NO:67). As described herein the LAMP lumenal domains, homology domains,
transmembrane domains, the cytoplasmic tail and the signal sequences can be used to
generate the improved LAMP Constructs ILC-1, ILC-2, ILC-3, ILC-4, ILC-5 and ILC-6 as

described herein.
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[0044] Figure 3 provides alignment of LAMP-1 proteins found in other species as
compared to human LAMP-1 (SEQ ID NO:1). The equivalent domains of these other
species can be used to generate the improved LAMP Constructs described herein and are
readily identifiable by comparing the domains identified for human LAMP-1 in Figures 2
and Figure 3 to the alignments shown in Figure 3.

[0045] Figure 4 provides alignment of LAMP-2 proteins found in other species as
compared to human LAMP-2 (SEQ ID NO:2). The equivalent domains of these other
species can be used to generate the improved LAMP Constructs described herein and are
readily identifiable by comparing the domains identified for human LAMP-2 in Figures 2
and Figure 4 to the alignments shown in Figure 4.

[0046] Figure 5 provides alignment of LAMP-3 proteins found in other species as
compared to human LAMP-3 (SEQ ID NO:3). The equivalent domains of these other
species can be used to generate the improved LAMP Constructs described herein and are
readily identifiable by comparing the domains identified for human LAMP-3 in Figures 2
and Figure 5 to the alignments shown in Figure 5.

[0047] Figure 6 provides alignment of LIMP-2 proteins found in other species as
compared to human LIMP-2 (SEQ ID NO:4). The equivalent domains of these other
species can be used to generate the improved LAMP Constructs described herein and are
readily identifiable by comparing the domains identified for human LIMP-2 in Figures 2
and Figure 6 to the alignments shown in Figure 6.

[0048] Figure 77 provides alignment of LIMBIC proteins found in other species as
compared to human LIMBIC (SEQ ID NO:67). The equivalent domains of these other
species can be used to generate the improved LAMP Constructs described herein and are
readily identifiable by comparing the domains identified for human LIMBIC in Figures 2
and Figure 7 to the alignments shown in Figure 7.

[0049] Figure 8 provides alignment of Endolyn proteins found in other species
as compared to human Endolyn (SEQ ID NO:5). The equivalent domains of these other
species can be used to generate the improved LAMP Constructs described herein and are
readily identifiable by comparing the domains identified for human Endolyn in Figures 2
and Figure 8 to the alignments shown in Figure 8.

[o0o50] Figure 9 provides alignment of Macrosailin proteins found in other species

as compared to human Macrosailin (SEQ ID NO:80). The equivalent domains of these
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other species can be used to generate the improved LAMP Constructs described herein
and are readily identifiable by comparing the domains identified for human Macrosailin
in Figures 2 and Figure 9 to the alignments shown in Figure 9.

[oo51] Figure 10 provides alignment of LAMP-5 proteins found in other species
as compared to human LAMP-5 (SEQ ID NO:93). The equivalent domains of these other
species can be used to generate the improved LAMP Constructs described herein and are
readily identifiable by comparing the domains identified for human LAMP-5 in Figures 2
and Figure 10 to the alignments shown in Figure 10.

[0052] Figure 11 shows results obtained when mice were immunized with HVEM-
LAMP, HVEM, or LAMP on day o, 7, and 14. On day 28, mice were bled and serum
samples were isolated. HVEM specific IgG was examined by ELISA. Data represent
geometric mean of antibody titers + geometric SD, n=6. ** p value <0.01

[0053] Figure 12 shows results obtained when mice were immunized with HVEM-
LAMP, HVEM, or LAMP on day o, 7, and 14. On day 35, mice were boosted with 5ug
HVEM protein in the presence of alum adjuvant. Mice were bled on day 49 and serum
samples were isolated. HVEM specific IgG was examined by ELISA. Data represent
geometric mean of antibody titers + geometric SD, n=6. *** p value <0.001; **** p value
<0.0001.

[0054] Figure 13 shows that LAMP alters the binding affinity of epitopes in
CRD3/4 of HVEM.

[oo55] Figure 14 confirms protein expression of tested improved LAMP
Constructs. In each of Figures 14-17, the labels “complete LAMP Construct”, ILC-1, ILC-
2, ILC-3 and ILC-4 correspond to the constructs as depicted in Figure 1.

[0056] Figure 15 shows that the improved LAMP Constructs induce Thi effector
T cells producing INFy.

[0057] Figure 16 shows a particular improved LAMP construct (e.g., ILC-4 as
shown in Figure 1) elicited a significantly higher T cell response against all survivin
peptide pools.

[0058] Figure 17 shows that CD4 T cells are the major source of IFNy producing
cells and that the improved LAMP Constructs demonstrate an increase in the CD4 effector

memory cell population over the Complete LAMP construct.
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[0059] Figure 18 shows that the improved LAMP Constructs produced stronger
Survivin-specific total IgG response in BALB/c mice.

[0060] Figure 19 provides the amino acid sequence of each LAMP construct
tested. The signal sequence of each construct is depicted as lower case and underlined
letters; the Survivin sequence is depicted in capitalized, white letters, shaded in black; the
luminal domain is depicted in italics and capitalized letters and the
transmembrane/cytolosolic domain is depicted in capitalized letter and shaded in grey,
and in ILC-4, the second homology domain is bolded. Additional amino acids (LE and
EF) may be included as part of the cloning linkers.

DETAILED DESCRIPTION

[0061] The invention provides improved LAMP Constructs and nucleic acids
encoding these which can be used to generate vaccines and/or used to raise antibodies.
The improved LAMP Constructs can be used to modulate or enhance an immune
response. In one preferred aspect, the invention provides a method for treating a patient
with an allergy, infectious disease, diabetes, cancer or a hyperproliferative disorder by
providing an improved LAMP Construct described herein. The improved LAMP
Constructs can also be used to raise antibodies in non-human vertebrates, and in

preferably, non-human mammals.

DEFINITIONS

[0062] The following definitions are provided for specific terms which are used in

the following written description.

[0063] Asused in the specification and claims, the singular form "a", "an" and "the"
include plural references unless the context clearly dictates otherwise. For example, the
term "a cell" includes a plurality of cells, including mixtures thereof. The term "a nucleic
acid molecule" includes a plurality of nucleic acid molecules.

[0064] As used herein, the term "comprising” is intended to mean that the
improved LAMP Constructs and methods include the recited elements, but do not exclude
other elements. "Consisting essentially of", when used to define improved LAMP
Constructs and methods, shall mean excluding other elements of any essential

significance to the combination. Thus, an improved LAMP Construct consisting
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essentially of the elements as defined herein would not exclude trace contaminants from
the isolation and purification method and pharmaceutically acceptable carriers, such as
phosphate buffered saline, preservatives, and the like. "Consisting of" shall mean
excluding more than trace elements of other ingredients and substantial method steps for
administering the improved LAMP Constructs of this invention. Embodiments defined
by each of these transition terms are within the scope of this invention.

[0065] The term "about” or "approximately" means within an acceptable range for
the particular value as determined by one of ordinary skill in the art, which will depend
in part on how the value is measured or determined, e.g., the limitations of the
measurement system. For example, "about" can mean a range of up to 20%, preferably
up to 10%, more preferably up to 5%, and more preferably still up to 1% of a given value.
Alternatively, particularly with respect to biological systems or processes, the term can
mean within an order of magnitude, preferably within 5 fold, and more preferably within
2 fold, of a value. Unless otherwise stated, the term 'about' means within an acceptable
error range for the particular value, such as + 1-20%, preferably + 1-10% and more
preferably +1-5%.

[0066] Where a range of values is provided, it is understood that each intervening
value, between the upper and lower limit of that range and any other stated or intervening
value in that stated range is encompassed within the invention. The upper and lower
limits of these smaller ranges may independently be included in the smaller ranges, and
are also encompassed within the invention, subject to any specifically excluded limit in
the stated range. Where the stated range includes one or both of the limits, ranges
excluding either both of those included limits are also included in the invention.

[0067] As used herein, "the lysosomal/endosomal compartment” refers to
membrane-bound acidic vacuoles containing LAMP molecules in the membrane,
hydrolytic enzymes that function in antigen processing, and MHC class II molecules for
antigen recognition and presentation. This compartment functions as a site for
degradation of foreign materials internalized from the cell surface by any of a variety of
mechanisms including endocytosis, phagocytosis and pinocytosis, and of intracellular
material delivered to this compartment by specialized autolytic phenomena (de Duve,
Eur. J. Biochem. 137: 391, 1983). The term "endosome" as used herein and in the claims

encompasses a lysosome.
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[0068] Asused herein, a "lysosome-related organelle” refers to any organelle which
comprises lysosymes and includes, but is not limited to, MIIC, CIIV, melanosomes,
secretory granules, lytic granules, platelet-dense granules, basophil granules, Birbeck
granules, phagolysosomes, secretory lysosomes, and the like. Preferably, such an
organelle lacks mannose 6-phosphate receptors and comprises LAMP, but may or may
not comprise an MHC class IT molecule. For reviews, see, e.g., Blott and Griffiths, Nature
Reviews, Molecular Cell Biology, 2002; Dell'Angelica, et al., The FASEB Journal 14: 1265-
1278, 2000.

[0069] As used herein, the terms "polynucleotide” and "nucleic acid molecule" are
used interchangeably to refer to polymeric forms of nucleotides of any length. The
polynucleotides may contain deoxyribonucleotides, ribonucleotides, and/or their
analogs. Nucleotides may have any three-dimensional structure, and may perform any
function, known or unknown. The term "polynucleotide" includes, for example, single-,
double-stranded and triple helical molecules, a gene or gene fragment, exons, introns,
mRNA, tRNA, rRNA, ribozymes, antisense molecules, cDNA, recombinant
polynucleotides, branched polynucleotides, aptamers, plasmids, vectors, isolated DNA of
any sequence, isolated RNA of any sequence, nucleic acid probes, and primers. A nucleic
acid molecule may also comprise modified nucleic acid molecules (e.g., comprising
modified bases, sugars, and/or internucleotide linkers).

[0070] As used herein, the term "peptide" refers to a compound of two or more
subunit amino acids, amino acid analogs, or peptidomimetics. The subunits may be linked
by peptide bonds or by other bonds (e.g., as esters, ethers, and the like).

[0071]  As used herein, the term "amino acid" refers to either natural and/or
unnatural or synthetic amino acids, including glycine and both D or L optical isomers,
and amino acid analogs and peptidomimetics. A peptide of three or more amino acids is
commonly called an oligopeptide if the peptide chain is short. If the peptide chain is long
(e.g., greater than about 10 amino acids), the peptide is commonly called a polypeptide or
a protein. While the term "protein" encompasses the term "polypeptide", a "polypeptide”
may be a less than full-length protein.

[0072]  As used herein a "LAMP polypeptide" refers to the mammalian lysosomal
associated membrane proteins human LAMP-1, human LAMP-2, human LAMP-3,
human LIMP-2, human Endolyn, human LIMBIC, human LAMP-5, or human
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Macrosailin as described herein, as well as orthologs (such as, for example, the LAMP
proteins shown in Figures 3-10), and allelic variants.

[0073] Asused herein, "expression" refers to the process by which polynucleotides
are transcribed into mRNA and/or translated into peptides, polypeptides, or proteins. If
the polynucleotide is derived from genomic DNA, expression may include splicing of the
mRNA transcribed from the genomic DNA.

[0074] As used herein, "under transcriptional control” or "operably linked" refers
to expression (e.g., transcription or translation) of a polynucleotide sequence which is
controlled by an appropriate juxtaposition of an expression control element and a coding
sequence. In one aspect, a DNA sequence is "operatively linked" to an expression control
sequence when the expression control sequence controls and regulates the transcription
of that DNA sequence.

[0075] As used herein, "coding sequence" is a sequence which is transcribed and
translated into a polypeptide when placed under the control of appropriate expression
control sequences. The boundaries of a coding sequence are determined by a start codon
at the 5' (amino) terminus and a translation stop codon at the 3' (carboxyl) terminus. A
coding sequence can include, but is not limited to, a prokaryotic sequence, cDNA from
eukaryotic mRNA, a genomic DNA sequence from eukaryotic (e.g., mammalian) DNA,
and even synthetic DNA sequences. A polyadenylation signal and transcription
termination sequence will usually be located 3' to the coding sequence.

[0076] As used herein, two coding sequences "correspond" to each other if the
sequences or their complementary sequences encode the same amino acid sequences.

[0077] As used herein, "signal sequence" denotes the endoplasmic reticulum
translocation sequence. This sequence encodes a signal peptide that communicates to a
cell to direct a polypeptide to which it is linked (e.g., via a chemical bond) to an
endoplasmic reticulum vesicular compartment, to enter an exocytic/endocytic organelle,
to be delivered either to a cellular vesicular compartment, the cell surface or to secrete the
polypeptide. This signal sequence is sometimes clipped off by the cell in the maturation
of a protein. Signal sequences can be found associated with a variety of proteins native to
prokaryotes and eukaryotes.

[0078] As used herein, "trafficking" denotes movement or progression of the

polypeptide encoded by the improved LAMP Construct through cellular organelles or
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compartments in the pathway from the rough endoplasmic reticulum to the
endosomal/lysosomal compartment or related organelles where antigen processing and
binding to MHC II occurs.

[0079]  As used herein, an “improved LAMP Construct” and an “improved LAMP
Construct comprising an antigen” and an “improved LAMP Construct comprising an
antigen of interest” are used interchangeably. The different arrangements of the
improved LAMP Constructs are illustrated in Figure 1 as ILC1-ILC6. Morever, the use of
an “improved LAMP Construct” encompasses both the polynucleotide sequence of the
improved LAMP Construct as well as the protein encoded by the polynucleotide sequence
of the improved LAMP Construct.

[0080] Asused herein, an " improved LAMP Construct delivery vehicle" is defined
as any molecule or group of molecules or macromolecules that can carry an improved
LAMP Construct into a host cell (e.g., such as genes or gene fragments, antisense
molecules, ribozymes, aptamers, and the like) and which occurs in association with an
improved LAMP Construct as described herein.

[0081] Asused herein, “improved LAMP Construct delivery," or” improved LAMP
Construct transfer,” refers to the introduction of the improved LAMP Construct into a
host cell, irrespective of the method used for the introduction. The introduced improved
LAMP Constructs may be stably or transiently maintained in the host cell. Stable
maintenance typically requires that the introduced improved LAMP Construct either
contains an origin of replication compatible with the host cell or integrates into a replicon
of the host cell such as an extrachromosomal replicon (e.g., a plasmid) or a nuclear or
mitochondrial chromosome.

[0082] Asused herein, a "viral improved LAMP Construct” refers to a virus or viral
particle that comprises the improved LAMP Construct to be delivered into a host cell,
either in vivo, ex vivo or in vitro. Examples of viral improved LAMP Constructs include,
but are not limited to, adenovirus vectors, adeno-associated virus vectors, retroviral
vectors, and the like. In aspects where gene transfer is mediated by an adenoviral vector,
an improved LAMP Construct includes the adenovirus genome or part thereof, and a
selected, non-adenoviral gene, in association with adenoviral capsid proteins.

[0083] As used herein, "adenoviral-mediated gene transfer" or "adenoviral

transduction" refers to the process by which an improved LAMP Construct is transferred
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into a host cell by virtue of the adenovirus entering the cell. Preferably, the improved
LAMP Construct is able to replicate and/or integrate and be transcribed within the cell.

[0084] As used herein, "adenovirus particles" are individual adenovirus virions
comprised of an external capsid and an improved LAMP Construct, where the capsid is
further comprised of adenovirus envelope proteins. The adenovirus envelope proteins
may be modified to comprise a fusion polypeptide which contains a polypeptide ligand
covalently attached to the viral protein, e.g., for targeting the adenoviral particle to a
particular cell and/or tissue type.

[0085] Asused herein, the term "administering” or “immunizing” or “injecting” an
improved LAMP Construct refers to transducing, transfecting, microinjecting,
electroporating, or shooting the cell with the improved LAMP Construct. In some aspects,
improved LAMP Constructs are introduced into a target cell by contacting the target cell
with a delivery cell (e.g., by cell fusion or by lysing the delivery cell when it is in proximity
to the target cell).

[0086] As used herein, the phrase “prime boost” describes the use of an improved
LAMP Construct described herein used to prime a T-cell response followed by the use of
a second improved LAMP Construct comprising an antigen, a DNA vaccine comprising
an antigen or a recombinant antigen to boost the response. These heterologous prime-
boost immunizations elicit immune responses of greater height and breadth than can be
achieved by priming and boosting with the same vector. The priming with an improved
LAMP Construct comprising an antigen initiates memory cells; the boost step expands
the memory response. Preferably, use of the two different agents do not raise responses
against each other and thus do not interfere with each other's activity. Mixtures of
antigens are specifically contemplated in the prime and/or boost step. Boosting can occur
one or multiple times.

[0087] As used herein, "hybridization" refers to a reaction in which one or more
polynucleotides react to form a complex that is stabilized via hydrogen bonding between
the bases of the nucleotide residues. The hydrogen bonding may occur by Watson-Crick
base pairing, Hoogstein binding, or in any other sequence-specific manner. The complex
may comprise two strands forming a duplex structure, three or more strands forming a

multi-stranded complex, a single self-hybridizing strand, or any combination of these. A
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hybridization reaction may constitute a step in a more extensive process, such as the
initiation of a PCR reaction, or the enzymatic cleavage of a polynucleotide by a ribozyme.

[0088] As used herein, a polynucleotide or polynucleotide region (or a polypeptide
or polypeptide region) which has a certain percentage (for example, at least about 50%,
at least about 60%, at least about 70%, at least about 80%, at least about 85%, at least
about 90%, at least about 95%, at least about 99%) of "sequence identity" to another
sequence means that, when maximally aligned, using software programs routine in the
art, that percentage of bases (or amino acids) are the same in comparing the two
sequences.

[0089] Two sequences are "substantially homologous" or "substantially similar”
when at least about 50%, at least about 60%, at least about 70%, at least about 75%, and
preferably at least about 80%, and most preferably at least about 9o or 95% of the
nucleotides match over the defined length of the DNA sequences. Similarly, two
polypeptide sequences are "substantially homologous" or "substantially similar" when at
least about 50%, at least about 60%, at least about 66%, at least about 70%, at least about
75%, and preferably at least about 80%, and most preferably at least about 90 or 95% of
the amino acid residues of the polypeptide match over a defined length of the polypeptide
sequence. Sequences that are substantially homologous can be identified by comparing
the sequences using standard software available in sequence data banks. Substantially
homologous nucleic acid sequences also can be identified in a Southern hybridization
experiment under, for example, stringent conditions as defined for that particular system.
Defining appropriate hybridization conditions is within the skill of the art. For example,
stringent conditions can be: hybridization at 5xSSC and 50% formamide at 42°C, and
washing at 0.1xSSC and 0.1% sodium dodecyl sulfate at 60°C. Further examples of
stringent hybridization conditions include: incubation temperatures of about 25 degrees
C to about 37 degrees C; hybridization buffer concentrations of about 6xSSC to about
10xSSC; formamide concentrations of about 0% to about 25%; and wash solutions of
about 6xSSC. Examples of moderate hybridization conditions include: incubation
temperatures of about 40 degrees C to about 50 degrees C.; buffer concentrations of about
9xSSC to about 2xSSC; formamide concentrations of about 30% to about 50%; and wash
solutions of about 5xSSC to about 2xSSC. Examples of high stringency conditions include:

incubation temperatures of about 55 degrees C to about 68 degrees C.; buffer
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concentrations of about 1xSSC to about 0.1xSSC; formamide concentrations of about 55%
to about 75%; and wash solutions of about 1xSSC, 0.1xSSC, or deionized water. In general,
hybridization incubation times are from 5 minutes to 24 hours, with 1, 2, or more washing
steps, and wash incubation times are about 1, 2, or 15 minutes. SSCis 0.15 M NaCl and 15
mM citrate buffer. It is understood that equivalents of SSC using other buffer systems can
be employed. Similarity can be verified by sequencing, but preferably, is also or
alternatively, verified by function (e.g., ability to traffic to an endosomal compartment,
and the like), using assays suitable for the particular domain in question.

[0090] The terms "percent (%) sequence similarity”, "percent (%) sequence
identity", and the like, generally refer to the degree of identity or correspondence between
different nucleotide sequences of nucleic acid molecules or amino acid sequences of
polypeptides that may or may not share a common evolutionary origin (see Reeck et al.,
supra). Sequence identity can be determined using any of a number of publicly available
sequence comparison algorithms, such as BLAST, FASTA, DNA Strider, GCG (Genetics
Computer Group, Program Manual for the GCG Package, Version 7, Madison, Wisconsin),
ete.

[0091] To determine the percent identity between two amino acid sequences or two
nucleic acid molecules, the sequences are aligned for optimal comparison purposes. The
percent identity between the two sequences is a function of the number of identical
positions shared by the sequences (i.e., percent identity = number of identical
positions/total number of positions (e.g., overlapping positions) x 100). In one
embodiment, the two sequences are, or are about, of the same length. The percent
identity between two sequences can be determined using techniques similar to those
described below, with or without allowing gaps. In calculating percent sequence identity,
typically exact matches are counted.

[0092] The determination of percent identity between two sequences can be
accomplished using a mathematical algorithm. A non-limiting example of a
mathematical algorithm utilized for the comparison of two sequences is the algorithm of
Karlin and Altschul, Proc. Natl. Acad. Sci. USA 1990, 87:2264, modified as in Karlin and
Altschul, Proc. Natl. Acad. Sci. USA 1993, 90:5873-5877. Such an algorithm is
incorporated into the NBLAST and XBLAST programs of Altschul et al, J. Mol. Biol. 1990;
215: 403. BLAST nucleotide searches can be performed with the NBLAST program, score
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= 100, wordlength = 12, to obtain nucleotide sequences homologous to sequences of the
invention. BLAST protein searches can be performed with the XBLAST program, score =
50, wordlength = 3, to obtain amino acid sequences homologous to protein sequences of
the invention. To obtain gapped alignments for comparison purposes, Gapped BLAST
can be utilized as described in Altschul et al, Nucleic Acids Res. 1997, 25:3389.
Alternatively, PSI-Blast can be used to perform an iterated search that detects distant
relationship between molecules. See Altschul et al. (1997) supra. When utilizing BLAST,
Gapped BLAST, and PSI-Blast programs, the default parameters of the respective
programs (e.g., XBLAST and NBLAST) can be used. See ncbi.nlm.nih.gov/BLAST/ on the
WorldWideWeb.

[0093] Another non-limiting example of a mathematical algorithm utilized for the
comparison of sequences is the algorithm of Myers and Miller, CABIOS 1988; 4: 1 1-17.
Such an algorithm is incorporated into the ALIGN program (version 2.0), which is part of
the GCG sequence alignment software package. When utilizing the ALIGN program for
comparing amino acid sequences, a PAM120 weight residue table, a gap length penalty of
12, and a gap penalty of 4 can be used.

[0094] In a preferred embodiment, the percent identity between two amino acid
sequences is determined using the algorithm of Needleman and Wunsch (J. Mol. Biol.
1970, 48:444-453), which has been incorporated into the GAP program in the GCG
software package (Accelrys, Burlington, MA; available at accelrys.com on the
WorldWideWeb), using either a Blossum 62 matrix or a PAM250 matrix, a gap weight of
16, 14, 12, 10, 8, 6, or 4, and a length weight of 1, 2, 3, 4, 5, or 6. In yet another preferred
embodiment, the percent identity between two nucleotide sequences is determined using
the GAP program in the GCG software package using a NWSgapdna.CMP matrix, a gap
weight of 40, 50, 60, 70, or 80, and a length weight of 1, 2, 3, 4, 5, or 6. A particularly
preferred set of parameters (and the one that can be used if the practitioner is uncertain
about what parameters should be applied to determine if a molecule is a sequence identity
or homology limitation of the invention) is using a Blossum 62 scoring matrix with a gap
open penalty of 12, a gap extend penalty of 4, and a frameshift gap penalty of 5.

[0095] Another non-limiting example of how percent identity can be determined is
by using software programs such as those described in Current Protocols In Molecular

Biology (F. M. Ausubel et al., eds., 1987) Supplement 30, section 7.7.18, Table 7.7.1.
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Preferably, default parameters are used for alignment. A preferred alignment program is
BLAST, using default parameters. In particular, preferred programs are BLASTN and
BLASTP, using the following default parameters: Genetic code=standard; filter=none;
strand=both; cutoff=60; expect=10; Matrix=BLOSUM62; Descriptions=50 sequences;
sort by=HIGH SCORE; Databases=non-redundant,
GenBank+EMBL+DDBJ+PDB+GenBank CDS
translations+SwissProtein+SPupdate+PIR. Details of these programs can be found at the
following Internet address: http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST.

[0096] Statistical analysis of the properties described herein may be carried out by
standard tests, for example, t-tests, ANOVA, or Chi squared tests. Typically, statistical
significance will be measured to a level of p=0.05 (5%), more preferably p=0.01, p=0.001,
P=0.0001, p=0.000001

[0097] "Conservatively modified variants”" of domain sequences also can be
provided. With respect to particular nucleic acid sequences, conservatively modified
variants refer to those nucleic acids which encode identical or essentially identical amino
acid sequences, or where the nucleic acid does not encode an amino acid sequence, to
essentially identical sequences. Specifically, degenerate codon substitutions can be
achieved by generating sequences in which the third position of one or more selected (or
all) codons is substituted with mixed-base and/or deoxyinosine residues (Batzer, et al.,
1991, Nucleic Acid Res. 19: 5081; Ohtsuka, et al., 1985, J. Biol. Chem. 260: 2605-2608;
Rossolini et al., 1994, Mol. Cell. Probes 8: 91-98).

[0098] The term "biologically active fragment"”, "biologically active form",
"biologically active equivalent” of and "functional derivative" of a wild-type protein,
possesses a biological activity that is at least substantially equal (e.g., not significantly
different from) the biological activity of the wild type protein as measured using an assay
suitable for detecting the activity.

[0099] Asused herein, "in vivo" nucleic acid delivery, nucleic acid transfer, nucleic
acid therapy" and the like, refer to the introduction of an improved LAMP Construct
directly into the body of an organism, such as a human or non-human mammal, whereby
the improved LAMP Construct is introduced to a cell of such organism in vivo.

[0100] As used herein, the term "in situ" refers to a type of in vivo nucleic acid

delivery in which the improved LAMP Construct is brought into proximity with a target
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cell (e.g., the nucleic acid is not administered systemically). For example, in situ delivery
methods include, but are not limited to, injecting an improved LAMP Construct directly
at a site (e.g., into a tissue, such as a tumor or heart muscle), contacting the improved
LAMP Construct with cell(s) or tissue through an open surgical field, or delivering the
improved LAMP Constructs to a site using a medical access device such as a catheter.

[0101]  As used herein, the term "isolated" or “purified” means separated (or
substantially free) from constituents, cellular and otherwise, in which the polynucleotide,
peptide, polypeptide, protein, antibody, or fragments thereof, are normally associated
with in nature. For example, with respect to an improved LAMP Construct, an isolated
polynucleotide is one that is separated from the 5' and 3' sequences with which it is
normally associated in the chromosome. As is apparent to those of skill in the art, a non-
naturally occurring polynucleotide, peptide, polypeptide, protein, antibody, or fragments
thereof, does not require "isolation" to distinguish it from its naturally occurring
counterpart. By substantially free or substantially purified, it is meant at least 50% of the
population, preferably at least 70%, more preferably at least 80%, and even more
preferably at least 90%, are free of the components with which they are associated in
nature.

[0102] Asused herein, a "target cell” or "recipient cell” refers to an individual cell
or cell which is desired to be, or has been, a recipient of the improved LAMP Constructs
described herein. The term is also intended to include progeny of a single cell, and the
progeny may not necessarily be completely identical (in morphology or in genomic or
total DNA complement) to the original parent cell due to natural, accidental, or deliberate
mutation. A target cell may be in contact with other cells (e.g., as in a tissue) or may be
found circulating within the body of an organism.

[0103] As used herein, a "subject" is a vertebrate, preferably a mammal, more
preferably a human. Mammals include, but are not limited to, murines, simians, humans,
farm animals, sport animals, and pets. In other preferred embodiments, the “subject” is
a rodent (e.g.a rat, a mouse, a rabbit, a llama, camels, a cow, a guinea pig, a hamster, a
dog, a cat, a horse, a non-human primate, a simian (e.g. a monkey or ape), a monkey (e.g.
marmoset, baboon, rhesus macaque), or an ape (e.g. gorilla, chimpanzee, orangutan,

gibbon). In other embodiments, non-human mammals, especially mammals that are
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conventionally used as models for demonstrating therapeutic efficacy in humans (e.g.
murine, primate, porcine, canine, or rabbit animals) may be employed.

[0104] Theterms "cancer," "neoplasm," and "tumor," are used interchangeably and
in either the singular or plural form, refer to cells that have undergone a malignant
transformation that makes them pathological to the host organism. Primary cancer cells
transformation that makes them pathological to the host organism. Primary cancer cells
(that is, cells obtained from near the site of malignant transformation) can be readily
distinguished from non-cancerous cells by well-established techniques, particularly
histological examination. The definition of a cancer cell, as used herein, includes not only
a primary cancer cell, but any cell derived from a cancer cell ancestor. This includes
metastasized cancer cells, and in vitro cultures and cell lines derived from cancer cells.
When referring to a type of cancer that normally manifests as a solid tumor, a "clinically
detectable" tumor is one that is detectable on the basis of tumor mass, e.g., by procedures
such as CAT scan, MR imaging, X-ray, ultrasound or palpation, and/or which is detectable
because of the expression of one or more cancer-specific antigens in a sample obtainable
from a patient.

[0105] In preferred embodiments, the cancer (including all stages of progression,
including hyperplasia) is an adenocarcinoma, sarcoma, skin cancer, melanoma, bladder
cancer, brain cancer, breast cancer, uterine cancer, ovarian cancer, prostate cancer, lung
cancer (including, but not limited to NSCLC, SCLC, squamous cell cancer), colorectal
cancer, anal cancer, rectal cancer, cervical cancer, liver cancer, head and neck cancer, oral
cancer, salivary gland cancer, esophageal cancer, pancreas cancer, pancreatic ductal
adenocarcinoma (PDA), renal cancer, stomach cancer, kidney cancer, multiple myeloma
or cerebral cancer.

[0106] The improved LAMP Constructs described herein can also be used to treat
allergies, such as for example, food allergies (e.g., peanut allergens, such as Ara Hi, H2
and/or H3), or environmental allergens, such as for example pollen {(iree pollen, such as
for example CRY Ji or CRY J2)}, dog dander, cat saliva, or dust mites. Other diseases
and/or disorders include, for example, infecticus disease and diabetes.

[0o107] As wused herein, the term "pharmaceutically acceptable carrier"
encompasses any of the standard pharmaceutical carriers, such as a phosphate buffered

saline solution, water, and emulsions, such as an oil/water or water/oil emulsion, and
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various types of wetting agents. Compositions comprising the improved LAMP Constructs
also can include stabilizers and preservatives. For examples of carriers, stabilizers and
adjuvants, see Martin Remington's Pharm. Sci., 15th Ed. (Mack Publ. Co., Easton (1975)).

[0108] A cell has been "transformed", "transduced", or "transfected" by the
improved LAMP Constructs when such nucleic acids have been introduced inside the cell.
Transforming DNA may or may not be integrated (covalently linked) with chromosomal
DNA making up the genome of the cell. In prokaryotes, yeast, and mammalian cells for
example, the improved LAMP Constructs may be maintained on an episomal element,
such as a plasmid. In a eukaryotic cell, a stably transformed cell is one in which the
improved LAMP Constructs have become integrated into a chromosome so that it is
inherited by daughter cells through chromosome replication. This stability is
demonstrated by the ability of the eukaryotic cell to establish cell lines or clones
comprised of a population of daughter cells containing the improved LAMP Constructs.
A"clone" is a population of cells derived from a single cell or common ancestor by mitosis.
A "cell line" is a clone of a primary cell that is capable of stable growth in vitro for many
generations (e.g., at least about 10).

[0109] As used herein, an "effective amount” is an amount sufficient to affect
beneficial or desired results, e.g., such as an effective amount of the improved LAMP
Construct transfer and/or expression, and/or the attainment of a desired therapeutic
endpoint. An effective amount can be administered in one or more administrations,
applications or dosages. In one aspect, an effective amount of an improved LAMP
Construct is an amount sufficient to transform/transduce/transfect at least one cell in a
population of cells comprising at least two cells.

[0110]  Asused herein, a "therapeutically effective amount” is used herein to mean
an amount sufficient to prevent, correct and/or normalize an abnormal physiological
response. In one aspect, a "therapeutically effective amount” is an amount sufficient to
reduce by at least about 30 percent, more preferably by at least 50 percent, most
preferably by at least 9o percent, a clinically significant feature of pathology, such as for
example, allergic response, size of a tumor mass, antibody production, cytokine
production, fever or white cell count, etc.

[o111]  An "antibody" is any immunoglobulin, including antibodies and fragments

thereof, that binds a specific antigen. The term encompasses polyclonal, monoclonal, and
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chimeric antibodies (e.g., bispecific antibodies). An "antibody combining site" is that
structural portion of an antibody molecule comprised of heavy and light chain variable
and hypervariable regions that specifically binds antigen. Exemplary antibody molecules
are intact immunoglobulin molecules, substantially intact immunoglobulin molecules,
and those portions of an immunoglobulin molecule that contains the paratope, including
Fab, Fab', F(ab"). and F(v) portions, which portions are preferred for use in the
therapeutic methods described herein. Thus, the term antibody encompasses not only
whole antibody molecules, but also antibody fragments as well as variants (including
derivatives such as fusion proteins) of antibodies and antibody fragments. Examples of
molecules which are described by the term "antibody" in this application include, but are
not limited to: single chain Fvs (scFvs), Fab fragments, Fab' fragments, F(ab")-, disulfide
linked Fvs (sdFvs), Fvs, and fragments comprising or alternatively consisting of, either a
VL or a VH domain. The term "single chain Fv" or "scFv" as used herein refers to a
polypeptide comprising a VL. domain of an antibody linked to a VH domain of an
antibody. See Carter (2006) Nature Rev. Immunol. 6:243.

[0112]  Additionally, antibodies of the invention include, but are not limited to,
monoclonal, multi-specific, bi-specificc human, humanized, mouse, or chimeric
antibodies, single chain antibodies, camelid antibodies, Fab fragments, F(ab") fragments,
anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id antibodies to antibodies of the
invention), domain antibodies and epitope-binding fragments of any of the above. The
immunoglobulin molecules of the invention can be of any type (e.g., IgG, IgE, IgM, IgD,
IgA and IgY), class (e.g., IgG1, IgG2, IgG3, IgG4, IgA1 and IgA2) or subclass of
immunoglobulin molecule.

[0113]  Most preferably, the antibodies are human antibodies. As used herein,
"human" antibodies include antibodies having the amino acid sequence of a human
immunoglobulin and include antibodies isolated from human immunoglobulin libraries
and xenomice or other organisms that have been genetically engineered to produce
human antibodies. The improved LAMP Constructs described herein can be used in
combination with known techniques for generating human antibodies and human
monoclonal antibodies as described in the exemplified protocols, see, e.g., PCT
publications WO 98/24893; WO 92/01047; WO 96/34096; WO 96/33735; European
Patent No. 0 598 877; U.S. Patent Nos. 5,413,923; 5,625,126; 5,633,425; 5,569,825;
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5,661,016; 5,545,806; 5,814,318; 5,885,793; 5,916,771; and 5,939,598; and Lonberg and
Huszar, Int. Rev. Immunol. 13:65-93 (1995).

[0114] Human antibodies or "humanized" chimeric monoclonal antibodies can be
produced using the improved LAMP Constructs in combination with techniques
described herein or otherwise known in the art. For example, standard methods for
producing chimeric antibodies are known in the art. See, for review the following
references: Morrison, Science 229:1202 (1985); Oi et al., BioTechniques 4:214 (1986);
Cabilly et al., U.S. Patent No. 4,816,567; Taniguchi et al., EP 171496; Morrison et al., EP
173494; Neuberger et al., WO 8601533; Robinson et al., WO 8702671; Boulianne et al.,
Nature 312:643 (1984); Neuberger et al., Nature 314:268 (1985).

[o115] The antibodies of the present invention may be monovalent, bivalent,
trivalent or multivalent. For example, monovalent scFvs can be multimerized either
chemically or by association with another protein or substance. A scFv that is fused to a
hexahistidine tag or a Flag tag can be multimerized using Ni-NTA agarose (Qiagen) or
using anti-Flag antibodies (Stratagene, Inc.). Additionally, the improved LAMP
Constructs can be used to generate monospecific, bispecific, trispecific or of greater
multispecificity for the encoded antigen(s) contained in the improved LAMP Construct.
See, e.g., PCT publications WO 93/17715; WO 92/08802; WO 91/00360; WO 92/05793;
Tutt, et al., J. Immunol. 147:60-69 (1991); U.S. Patent Nos. 4,474,893; 4,714,681;
4,925,648; 5,573,920; 5,601,819; Kostelny et.al., J. Immunol. 148:1547-1553 (1992).

[0116]  An "epitope" is a structure, usually made up of a short peptide sequence or
oligosaccharide, that is specifically recognized or specifically bound by a component of
the immune system. T-cell epitopes have generally been shown to be linear oligopeptides.
Two epitopes correspond to each other if they can be specifically bound by the same
antibody. Two epitopes correspond to each other if both are capable of binding to the
same B cell receptor or to the same T cell receptor, and binding of one antibody to its
epitope substantially prevents binding by the other epitope (e.g., less than about 30%,
preferably, less than about 20%, and more preferably, less than about 10%, 5%, 1%, or
about 0.1% of the other epitope binds). In the present invention, multiple epitopes can
make up an antigen.

[0117]  The term “antigen” or “antigen of interest” as used herein covers any

polypeptide sequence encoded by a polynucleotide sequence cloned into the improved
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LAMP Construct which is used to elicit an innate or adaptive immune response. An
“antigen” encompasses both a single antigen as well as multiple antigenic sequences
(derived from the same or different proteins) cloned into the improved LAMP Construct.

[0118] The term "antigen presenting cell" as used herein includes any cell which
presents on its surface an antigen in association with a major histocompatibility complex
molecule, or portion thereof, or, alternatively, one or more non-classical MHC molecules,
or a portion thereof. Examples of suitable APCs are discussed in detail below and include,
but are not limited to, whole cells such as macrophages, dendritic cells, B cells, hybrid
APCs, and foster antigen presenting cells.

[0119]  Asused herein an "engineered antigen-presenting cell” refers to an antigen-
presenting cell that has a non-natural molecular moiety on its surface. For example, such
a cell may not naturally have a costimulator on its surface or may have an additional
artificial costimulator in addition to a natural costimulator on its surface, or may express
a non-natural class IT molecule on its surface. In preferred embodiments, the engineered
antigen-presenting cell has the antigen expressed from the improved LAMP Construct on
its surface.

[0120]  Asused herein, "immune effector cells" refers to cells capable of binding an
antigen and which mediate an immune response. These cells include, but are not limited
to, T cells, B cells, monocytes, macrophages, NK cells and cytotoxic T lymphocytes (CTLs),
for example CTL lines, CTL clones, and CTLs from tumor, inflammatory, or other
infiltrates.

[0121]  Asused herein, "partially human" refers to a nucleic acid having sequences
from both a human and a non-human vertebrate. In the context of partially human
sequences, the partially human nucleic acids have sequences of human immunoglobulin
coding regions and sequences based on the non-coding sequences of the endogenous
immunoglobulin region of the non-human vertebrate. The term "based on" when used
with reference to endogenous non-coding sequences from a non-human vertebrate refers
to sequences that correspond to the non-coding sequence and share a relatively high
degree of homology with the non-coding sequences of the endogenous loci of the host
vertebrate, e.g., the non-human vertebrate from which the ES cell is derived. Preferably,
the non-coding sequences share at least an 80%, more preferably 90% homology with the

corresponding non-coding sequences found in the endogenous loci of the non-human

27



WO 2018/195527 PCT/US2018/028753

vertebrate host cell into which a partially human molecule comprising the non-coding
sequences has been introduced.

[0122] The term "immunoglobulin variable region" as used herein refers to a
nucleotide sequence that encodes all or a portion of a variable region of an antibody
molecule or all or a portion of a regulatory nucleotide sequence that controls expression
of an antibody molecule. Immunoglobulin regions for heavy chains may include but are
not limited to all or a portion of the V, D, J, and switch regions, including introns.
Immunoglobulin region for light chains may include but are not limited to the V and J
regions, their upstream flanking sequences, introns, associated with or adjacent to the
light chain constant region gene.

[0123] By "transgenic animal” is meant a non-human animal, usually a mammal,
having an exogenous nucleic acid sequence present as an extrachromosomal element in a
portion of its cells or stably integrated into its germ line DNA (i.e., in the genomic
sequence of most or all of its cells). In generating a transgenic animal comprising human
sequences, a partially human nucleic acid is introduced into the germ line of such
transgenic animals by genetic manipulation of, for example, embryos or embryonic stem
cells of the host animal according to methods well known in the art.

[0124] A "vector" includes plasmids and viruses and any DNA or RNA molecule,
whether self-replicating or not, which can be used to transform or transfect a cell.

[0125]  As used herein, a "genetic modification" refers to any addition, deletion or
disruption to a cell's normal nucleotides. Art recognized methods include viral mediated
gene transfer, liposome mediated transfer, transformation, transfection and
transduction, e.g., viral-mediated gene transfer such as the use of the improved LAMP
Constructs based on DNA viruses such as adenovirus, adeno-associated virus and herpes
virus, as well as retroviral based vectors.

[0126]  The practice of the present invention employs, unless otherwise indicated,
conventional molecular biology, microbiology, and recombinant DNA techniques within
the skill of the art. Such techniques are explained fully in the literature. See, e.g., Maniatis,
Fritsch & Sambrook, In Molecular Cloning: A Laboratory Manual (1982); DNA Cloning:
A Practical Approach, Volumes I and II (D. N. Glover, ed., 1985); Oligonucleotide
Synthesis (M. J. Gait, ed., 1984); Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins,
eds., 1985); Transcription and Translation (B. D. Hames & S. 1. Higgins, eds., 1984);
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Animal Cell Culture (R. I. Freshney, ed., 1986); Immobilized Cells and Enzymes (IRL
Press, 1986); B. Perbal, A Practical Guide to Molecular Cloning (1984).

[0127]  Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. All publications mentioned herein are incorporated by reference
for the purpose of describing and disclosing devices, formulations and methodologies that

may be used in connection with the presently described invention

LAMP Constructs
[0128] LAMP-1, as deduced from a cDNA clone (Chen, et al., J. Biol. Chem. 263:
8754, 1988) consists of a polypeptide core of about 382 amino acids with a large (346-

residue) lumenal amino-terminal domain followed by a 24-residue hydrophobic
transmembrane region and short (12-residue) carboxyl-terminal cytoplasmic tail. See,
Figure 2A and 2B. The lumenal domain is highly glycosylated, being substituted with
about 20 asparagine linked complex-type oligosaccharides and consists of two
approximately 160-residue “homology domains” that are separated by a proline/serine-
rich hinge region. Each of these “homology domains” contains 4 uniformly spaced
cysteine residues, disulfide bonded to form four 36-38-residue loops symmetrically
placed within the two halves of the lumenal domain (Arterburn, et al., J. Biol. Chem. 265:
7419, 1990; see, also Chen, et al., J. Biol. Chem. 25: 263(18): 8754-8, 1988). Figure 2A
schematically shows the conserved domains between LAMP-1, LAMP-2, LAMP-3,
Endolyn, LIMBIC, LAMP5, or Macrosailin.

[0129]  Previously reported LAMP constructs comprise the following elements in
this specific arrangement:

[0130] (a) a full lumenal domain of LAMP-1 protein, the antigen and then the full
transmembrane/cytoplasmic tail of LAMP-1 protein; or

[0131]  (b) the antigen and the full transmembrane/cytoplasmic tail of a LAMP-1
protein. In example (a), the antigenic sequence is inserted in between the full lumenal
domain of a LAMP-1 protein and the LAMP-1 full transmembrane domain/cytoplasmic
tail. Both constructs have been shown to successfully target an antigenic sequence to the
lysosome/endosome and will be referred to as “complete LAMP Constructs” as shown in

Figure 1 as compared to the improved LAMP Constructs ILC1-ILC6 described herein. The
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improved LAMP Constructs described herein do not include the complete LAMP
Constructs described in the prior art.

[0132] Although it has been widely reported in the literature that fragments
smaller than the full lumenal domain of LAMP-1 were not effective in generating a robust
immune response (see, e.g. Godinho et al.) the inventors unexpectedly discovered that
specific fragments, in certain arrangements, did in fact effectively present antigens to the
immune system, generating a robust immune response, including the generation of a
different repitoire of antibodies. = For example, the inventors have identified that the
minimal LAMP lumenal domain fragment that is effective for generating a robust
immune response is not the full lumenal domain (as widely reported in the literature) but
rather a single Homology Domain of the Lumenal Domain of a LAMP Protein.

[0133] For example, constructs can comprise, not the full lumenal domain, but
instead a single Homology Domain of the Lumenal Domain of a LAMP Protein. As used
herein, the “Homology Domain” comprises at least the 4 uniformly spaced cysteine
residues shown in Figures 3-10. These cysteine resides are labeled 1, 2, 3, and 4 (and in
LIMP-2 and Macrosailin — five cysteines are identified, LIMBIC — six cysteines are
identified and Endolyn — eight cysteines are identified) in each Homology Domain as
shown in Figures 3-10 and are defined herein as the “Cysteine Conserved Fragment.”
Additional amino acids can be included to either the N-terminus end and/or the C-
terminus end of the Cysteine Conserved Fragment to generate, up to and including a full
Homology Domain of a LAMP protein. These additional added amino acids can be
derived from the Homology Domain from which the Cysteine Conserved Fragment is
derived or from other LAMP Protein Homology Domains. Thus, as used herein, a LAMP
Homology Domain comprises and/or consists of one Cysteine Conserved Fragment. At
least two LAMP Homology Domains make up the Lumenal Domain of LAMP-1, LAMP-2,
LAMP-3, or Endolyn.

[0134]  Specifically, in one preferred embodiment, the improved LAMP Construct
comprises at least one antigen of interest fused to the N-terminus of the lumenal domain
of a LAMP protein, at least one homology domain of a LAMP protein, or at least one
Cysteine Conserved Fragment of a LAMP protein. See, for example ILC-2 and ILC-6 of
Figure 1. In preferred embodiments, these constructs also comprise a transmembrane

domain of a LAMP protein, and/or the cytosolic tail of a LAMP protein. In other preferred

30



WO 2018/195527 PCT/US2018/028753

embodiments, when an antigen contains a transmembrane domain, the transmembrane
domain of a LAMP protein and/or the cytosolic tail of a LAMP protein is unnecessary. In
preferred embodiments, two homology domains are included in the improved LAMP
Construct (e.g., ILC-1 of Figure 1). In further preferred embodiments, the two homology
domains are derived from a LAMP-1, LAMP-2, LAMP-3, or an Endolyn protein.
Alternatively, the two homology domains are derived from different LAMP proteins. In
these constructs comprising two homology domains, a LAMP hinge domain may also be
included. The improved LAMP Constructs described in this paragraph are unexpected in
view of the prior art as the antigen has always been placed in between the full lumenal
LAMP-1 domain and the full LAMP-1 transmembrane/cytoplasmic tail, as fragments of
the lumenal domain have not been reported to be effective in generating a robust immume
response.

[0135] In another preferred embodiment, the improved LAMP Construct
comprises at least one antigen of interest fused to the C-terminus of a single homology
domain of a LAMP protein or a single Cysteine Conserved Fragment of a LAMP protein.
See, for example, ILC-3 and ILC-5 of Figure 1. In preferred embodiments, these
constructs also comprise a transmembrane domain of a LAMP protein, and/or the
cytosolic tail of a LAMP protein. In other preferred embodiments, when an antigen
contains a transmembrane domain, the transmembrane domain of a LAMP protein
and/or the cytosolic tail of a LAMP protein is unnecessary. The improved LAMP
Constructs described in this paragraph are unexpected in view of the prior art as described
above.

[0136] In another preferred embodiment, the improved LAMP Construct
comprises at least one antigen of interest fused in between a first homology domain of a
LAMP protein and a second homology domain of a LAMP protein (or at least between two
Cysteine Conserved Fragments). See, for example, ILC-4 of Figure 1. In preferred
embodiments, these constructs also comprise a transmembrane domain of a LAMP
protein, and/or the cytosolic tail of a LAMP protein. In preferred embodiments, the two
homology domains are derived from LAMP-1, LAMP-2, LAMP-3, or an Endolyn protein.
In these constructs, the antigen may be placed in the LAMP hinge region. Alternatively,
two homology domains from two different LAMP proteins may be used. This

arrangement of at least one antigen of interest fused in between two LAMP homology
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domains (including Cysteine Conserved Fragments) is unexpected in view of the prior art
as described above.

[0137]  Each of the improved LAMP Constructs defined above can be generated
using the domains defined in the Figures. For example, it is specifically contemplated
that the domains included in the improved LAMP Construct illustrated in Figure 1, for
example, can originate from sequences derived from orthologous sequences. See, Figures
3-10 for example. It is expressly contemplated that the equivalent domains defined in
Figures 2A and 2B be used to generate the improved LAMP Constructs illustrated in
Figure 1 for orthologous sequences. Moreover, the orthologous sequences shown in
Figures 3-10 are representative of the sequences that can be used to generate the domains.
It is well within the skill in the art to identify other orthologous sequences and/or isotypes
and comparing them to the alignments shown in Figures 3-10. Thus, by identifying the
equivalent boundaries defined in Figure 2A and 2B for a human LAMP protein with the
alignments shown in Figures 3-10, one can generate the improved LAMP Constructs
illustrated in Figure 1.

[0138]  As would be well understood by the skilled artisan, the boundaries of each
domain are an approximation and may be adjusted at least 1, 2, 3, 4, 5, 6,7, 8, 9, or 10
amino acids based on cloning considerations and restriction enzyme placement.
Therefore, when a particular domain (e.g., a LAMP Homology Domain) is included in the
improved LAMP Construct, the amino acids beginning and ending of the domain may be
adjust by at least 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acids as those boundaries defined in
Figure 2B.

[0139] Each of the improved LAMP Constructs described above can additionally
comprise a signal sequence and/or additional amino acids in between each domain for
cloning purposes as is well known in the art. Additionally, the LAMP homologous
domains, the LAMP lumenal domain, the LAMP transmembrane domain, and/or the
LAMP cytosolic tail domain can originate from the same LAMP protein (e.g., human
LAMP-1) or different LAMP proteins (e.g., lumenal domain from human LAMP-1 and
transmembrane domain from human LAMP-2, and/or mixing of orthologous domains in
the same gene family (e.g., LAMP-1) or different gene family (LAMP-1 and LAMP-2).

[0140] Polypeptide variants of the described LAMP Constructs are contemplated.
For example, polypeptides at least about 60%, at least about 70%, at least about 75%, at
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least about 80%, at least about 85%, at least about 90%, at least about 95%, 96%, 97%,
98% or 99% identity to any of the improved LAMP Constructs described herein as well as
polynucleotides encoding these variants. Variants of the improved LAMP Constructs
retain the ability to function by targeting the antigenic sequence to the lysosome. For
example, a modified lumenal sequence must retain the ability to traffic both membrane
and non-membrane antigenic materials to an endosomal compartment with at least about
50%, at least about 60%, at least 70%, at least about 80%, at least about 90%, or at least
about 100% efficacy compared to the original domain sequence, i.e., an efficacy that
results in sufficient antigen presentation by a cell comprising the chimeric sequence for it
to mount an immune response. In one aspect, sequences containing a suitable trafficking
signal may be identified by constructing an improved LAMP Construct containing the
well-characterized antigenic domain of ovalbumin, a transmembrane domain, and the
cytoplasmic domain of a protein containing a putative lysosomal/endosomal targeting
signal. Efficiency of targeting can be measured by determining the ability of antigen
presenting cells, expressing the improved LAMP Construct, to stimulate HA epitope-
specific, MHC class II restricted T-cells (see, e.g., Example 5 of U.S. Pat. No. 5,633,234).

[0141]  Polynucleotides encoding any of the described improved LAMP Constructs
are preferred embodiments of the invention, along with polynucleotides at least about
60%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at
least about 90%, at least about 95%, 96%, 97%, 98% or 99% identity to any of the
improved LAMP Construct polynucleotides described herein. Variants of the improved
LAMP Constructs retain the ability to function by targeting the antigenic sequence to the
lysosome. For example, a modified lumenal sequence must retain the ability to traffic
both membrane and non-membrane antigenic materials to an endosomal compartment
with at least about 50%, at least about 60%, at least 70%, at least about 80%, at least about
90%, or at least about 100% efficacy compared to the original domain sequence, i.e., an
efficacy that results in sufficient antigen presentation by a cell comprising the chimeric
sequence for it to mount an immune response. In one aspect, sequences containing a
suitable trafficking signal may be identified by constructing an improved LAMP Construct
containing the well-characterized antigenic domain of ovalbumin, a transmembrane
domain, and the cytoplasmic domain of a protein containing a putative

lysosomal/endosomal targeting signal. Efficiency of targeting can be measured by
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determining the ability of antigen presenting cells, expressing the improved LAMP
Construct, to stimulate HA epitope-specific, MHC class II restricted T-cells (see, e.g.,
Example 5 of U.S. Pat. No. 5,633,234).

Assembly of Sequences Encoding Improved LAMP Constructs

[0142]  Procedures for constructing improved LAMP Constructs comprising the
antigen of interest are well known in the art (see e.g., Williams, et al., J. Cell Biol. 111: 955,
1990). DNA sequences encoding the desired segments can be obtained from readily
available recombinant DNA materials such as those available from the American Type
Culture Collection, 12301 Parklawn Drive, Rockville, Md. 20852, U.S.A., or from DNA
libraries that contain the desired DNA.

[0143] For example, the DNA segments corresponding to the desired domain
sequences can be assembled with appropriate control and signal sequences using routine
procedures of recombinant DNA methodology. See, e.g., as described in U.S. Pat. No.
4,593,002, and Langford, et al., Molec. Cell. Biol. 6: 3191, 1986.

[0144] A DNA sequence encoding a protein or polypeptide can be synthesized
chemically or isolated by one of several approaches. The DNA sequence to be synthesized
can be designed with the appropriate codons for the desired amino acid sequence. In
general, one will select preferred codons for the intended host in which the sequence will
be used for expression. The complete sequence may be assembled from overlapping
oligonucleotides prepared by standard methods and assembled into a complete coding
sequence. See, e.g., Edge, Nature 292: 756, 1981; Nambair, et al. Science 223: 1299, 1984;
Jay, et al., J. Biol. Chem. 259: 6311, 1984.

[0145] In one aspect, one or more of the nucleic acids encoding the domain
sequences of the improved LAMP Construct are isolated individually using the
polymerase chain reaction (M. A. Innis, et al., In PCR Protocols: A Guide to Methods and
Applications, Academic Press, 1990). The domains are preferably isolated from publicly
available clones known to contain them, but they may also be isolated from genomic DNA
or cDNA libraries. Preferably, isolated fragments are bordered by compatible restriction
endonuclease sites which allow an improved LAMP Construct encoding the antigen
sequence to be constructed. This technique is well known to those of skill in the art.

Domain sequences may be fused directly to each other (e.g., with no intervening
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sequences), or inserted into one another (e.g., where domain sequences are
discontinuous), or may be separated by intervening sequences (e.g., such as linker
sequences).

[0146] The basic strategies for preparing oligonucleotide primers, probes and DNA
libraries, as well as their screening by nucleic acid hybridization, are well known to those
of ordinary skill in the art. See, e.g., Sambrook, et al., 1989, supra; Perbal, 1984, supra.
The construction of an appropriate genomic DNA or ¢cDNA library is within the skill of
the art. See, e.g., Perbal, 1984, supra. Alternatively, suitable DNA libraries or publicly
available clones are available from suppliers of biological research materials, such as
Clonetech and Stratagene, as well as from public depositories such as the American Type
Culture Collection.

[0147]  Selection may be accomplished by expressing sequences from an expression
library of DNA and detecting the expressed peptides immunologically. Clones which
express peptides that bind to MHC II molecules and to the desired antibodies/T cell
receptors are selected. These selection procedures are well known to those of ordinary
skill in the art (see, e.g., Sambrook, et al., 1989, supra).

[0148] Once a clone containing the coding sequence for the desired polypeptide
sequence has been prepared or isolated, the sequence can be cloned into any suitable
vector, preferably comprising an origin of replication for maintaining the sequence in a

host cell.

Nucleic Acid Delivery Vehicles

[0149] In one aspect, a vaccine composition comprising an improved LAMP
Construct is introduced into a cell. The cell may be a host cell for replicating the nucleic
acid or for expressing the improved LAMP Construct. Preferably, the host cell for
expressing the improved LAMP Construct is an antigen presenting cell (described further
below).

[0150] In preferred embodiments, the improved LAMP Construct further
comprises a polynucleotide sequence for insertion into a target cell and an expression
control sequence operably linked thereto to control expression of the polynucleotide
sequence (e.g., transcription and/or translation) in the cell. Examples include plasmids,

phages, autonomously replicating sequences (ARS), centromeres, and other sequences
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which are able to replicate or be replicated in vitro or in a host cell (e.g., such as a
bacterial, yeast, or insect cell) and/or target cell (e.g., such as a mammalian cell,
preferably an antigen presenting cell) and/or to convey the sequences encoding the
improved LAMP Construct to a desired location within the target cell.

[0151] Recombinant expression vectors may be derived from micro-organisms
which readily infect animals, including man, horses, cows, pigs, llamas, giraffes, dogs, cats
or chickens. Preferred vectors include those which have already been used as live
vaccines, such as vaccinia. These recombinants can be directly inoculated into a host,
conferring immunity not only to the microbial vector, but also to express foreign antigens.
Preferred vectors contemplated herein as live recombinant vaccines include RNA viruses,
adenovirus, herpesviruses, poliovirus, and vaccinia and other pox viruses, as taught in
Flexner, Adv. Pharmacol. 21: 51, 1990, for example.

[0152] Expression control sequences include, but are not limited to, promoter
sequences to bind RNA polymerase, enhancer sequences or negative regulatory elements
to bind to transcriptional activators and repressors, respectively, and/or translation
initiation sequences for ribosome binding. For example, a bacterial expression vector can
include a promoter such as the lac promoter and for transcription initiation, the Shine-
Dalgarno sequence and the start codon AUG (Sambrook, et al., 1989, supra). Similarly, a
eukaryotic expression vector preferably includes a heterologous, homologous, or chimeric
promoter for RNA polymerase 11, a downstream polyadenylation signal, the start codon
AUG, and a termination codon for detachment of a ribosome.

[0153] Expression control sequences may be obtained from naturally occurring
genes or may be designed. Designed expression control sequences include, but are not
limited to, mutated and/or chimeric expression control sequences or synthetic or cloned
consensus sequences. Vectors that contain both a promoter and a cloning site into which
a polynucleotide can be operatively linked are well known in the art. Such vectors are
capable of transcribing RNA in vitro or in vivo, and are commercially available from
sources such as Stratagene (La Jolla, Calif.) and Promega Biotech (Madison, Wis.).

[0154] Inorder to optimize expression and/or transcription, it may be necessary to
remove, add or alter 5' and/or 3' untranslated portions of the vectors to eliminate extra,
or alternative translation initiation codons or other sequences that may interfere with, or

reduce, expression, either at the level of transcription or translation. Alternatively,
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consensus ribosome binding sites can be inserted immediately 5' of the start codon to
enhance expression. A wide variety of expression control sequences--sequences that
control the expression of a DNA sequence operatively linked to it--may be used in these
vectors to express the DNA sequences of this invention. Such useful expression control
sequences include, for example, the early or late promoters of SV40, CMV, vaccinia,
polyoma, adenovirus, herpes virus and other sequences known to control the expression
of genes of mammalian cells, and various combinations thereof.

[0155] In one aspect, the improved LAMP Construct comprises an origin of
replication for replicating the vector. Preferably, the origin functions in at least one type
of host cell which can be used to generate sufficient numbers of copies of the sequence for
use in delivery to a target cell. Suitable origins therefore include, but are not limited to,
those which function in bacterial cells (e.g., such as Escherichia sp., Salmonella sp.,
Proteus sp., Clostridium sp., Klebsiella sp., Bacillus sp., Streptomyces sp., and
Pseudomonas sp.), yeast (e.g., such as Saccharamyces sp. or Pichia sp.), insect cells, and
mammalian cells. In one preferred aspect, an origin of replication is provided which
functions in the target cell into which the nucleic acid delivery vehicle is introduced (e.g.,
a mammalian cell, such as a human cell). In another aspect, at least two origins of
replication are provided, one that functions in a host cell and one that functionsin a target
cell.

[0156] Theimproved LAMP Construct may alternatively, or additionally, comprise
sequences to facilitate integration of at least a portion of the nucleic acid deliver vector
into a target cell chromosome. For example, the improved LAMP Construct may comprise
regions of homology to target cell chromosomal DNA. In one aspect, the delivery vector
comprises two or more recombination sites which flank a nucleic acid sequence encoding
the improved LAMP Construct.

[0157]  The vector may additionally comprise a detectable and/or selectable marker
to verify that the vector has been successfully introduced in a target cell and/or can be
expressed by the target cell. These markers can encode an activity, such as, but not limited
to, production of RNA, peptide, or protein, or can provide a binding site for RNA,
peptides, proteins, inorganic and organic compounds or compositions and the like.

[0158] Examples of detectable/selectable markers genes include, but are not

limited to: DNA segments that encode products which provide resistance against
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otherwise toxic compounds (e.g., antibiotics); DNA segments that encode products which
are otherwise lacking in the recipient cell (e.g., tRNA genes, auxotrophic markers); DNA
segments that encode products which suppress the activity of a gene product; DNA
segments that encode products which can be readily identified (e.g., phenotypic markers
such as beta-galactosidase, a fluorescent protein (GFP, CFP, YFG, BFP, RFP, EGFP,
EYFP, EBFP, dsRed, mutated, modified, or enhanced forms thereof, and the like), and
cell surface proteins); DNA segments that bind products which are otherwise detrimental
to cell survival and/or function; DNA segments that otherwise inhibit the activity of other
nucleic acid segments (e.g., antisense oligonucleotides); DNA segments that bind
products that modify a substrate (e.g., restriction endonucleases); DNA segments that can
be used to isolate or identify a desired molecule (e.g., segments encoding specific protein
binding sites); primer sequences; DNA segments, which when absent, directly or
indirectly confer resistance or sensitivity to particular compounds; and/or DNA segments
that encode products which are toxic in recipient cells.

[0159] The marker gene can be used as a marker for conformation of successful
gene transfer and/or to isolate cells expressing transferred genes and/or to recover
transferred genes from a cell. For example, in one aspect, the marker gene is used to
isolate and purify antigen presenting cells expressing the improved LAMP Constructs.

[0160]  Substantially similar genes may be provided, e.g., genes with greater than
about 50%, greater than about 70%, greater than 80%, greater than about 90%, and
preferably, greater than about 95% identity to a known gene. Substantially similar domain
sequences may initially be identified by selecting a sequence which specifically hybridizes
to a domain sequence of interest under stringent hybridization conditions. Performing
assays to determine the suitability of homologous, variant, or modified domain sequences
is merely a matter of screening for sequences which express the appropriate activity. Such
screening is routine in the art.

[0161] The improved LAMP Construct may be provided as naked nucleic acids or
in a delivery vehicle associated with one or more molecules for facilitating entry of a
nucleic acid into a cell. Suitable delivery vehicles include, but are not limited to: liposomal
formulations, polypeptides, polysaccharides, lipopolysaccharides, viral formulations
(e.g., including viruses, viral particles, artificial viral envelopes and the like), cell delivery

vehicles, and the like.
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Lipid-Based Formulations

[0162]  Delivery vehicles designed to facilitate intracellular delivery of the improved
LAMP Constructs must interact with both non-polar and polar environments (in or on,
for example, the plasma membrane, tissue fluids, compartments within the cell, and the
like). Therefore, preferably, delivery vehicles are designed to contain both polar and non-
polar domains or a translocating sequence for translocating an improved LAMP Construct
into a cell.

[0163] Compounds having polar and non-polar domains are termed amphiphiles.
Cationic amphiphiles have polar groups that are capable of being positively charged at, or
around, physiological pH for interacting with negatively charged polynucleotides such as
DNA.

[0164] The improved LAMP Constructs described herein can be provided in
formulations comprising lipid monolayers or bilayers to facilitate transfer of the vectors
across a cell membrane. Liposomes or any form of lipid membrane, such as planar lipid
membranes or the cell membrane of an intact cell, e.g., a red blood cell, can be used.
Liposomal formulations can be administered by any means, including administration
intravenously or orally.

[0165] Liposomes and liposomal formulations can be prepared according to
standard methods and are well known in the art, see, e.g., Remington's; Akimaru, 1995,
Cytokines Mol. Ther. 1: 197-210; Alving, 1995, Immunol. Rev. 145: 5-31; Szoka, 1980, Ann.
Rev. Biophys. Bioeng. 9: 467; U.S. Pat. No. 4,235,871; U.S. Pat. No. 4,501,728; and U.S.
Pat. No. 4,837,028. In one aspect, the liposome comprises a targeting molecule for
targeting a liposome:improved LAMP Construct complex to a particular cell type. In a
particularly preferred aspect, a targeting molecule comprises a binding partner (e.g., a
ligand or receptor) for a biomolecule (e.g., a receptor or ligand) on the surface of a blood
vessel or a cell found in a target tissue.

[0166] Liposome charge is an important determinant in liposome clearance from
the blood, with negatively charged liposomes being taken up more rapidly by the
reticuloendothelial system (Juliano, 1975, Biochem. Biophys. Res. Commun. 63: 651) and
thus  having  shorter  half-lives in  the  bloodstream. Incorporating

phosphatidylethanolamine derivatives enhances the circulation time by preventing
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liposomal aggregation. For example, incorporation of  N-(omega-
carboxy)acylamidophosphatidylethanolamines into large unilamellar vesicles of L-alpha-
distearoylphosphatidylcholine dramatically increases the in vivo liposomal circulation
lifetime (see, e.g., Ahl, 1997, Biochim. Biophys. Acta 1329: 370-382). Liposomes with
prolonged circulation half-lives are typically desirable for therapeutic and diagnostic uses.
For a general discussion of pharmacokinetics, see, e.g., Remington's, Chapters 37-39, Lee,
et al., In Pharmacokinetic Analysis: A Practical Approach (Technomic Publishing AG,
Basel, Switzerland 1996).

[0167]  Typically, liposomes are prepared with about 5 to 15 mole percent negatively
charged phospholipids, such as phosphatidylglycerol, phosphatidylserine or
phosphatidyl-inositol. =~ Added negatively charged phospholipids, such as
phosphatidylglycerol, also serve to prevent spontaneous liposome aggregation, and thus
minimize the risk of undersized liposomal aggregate formation. Membrane-rigidifying
agents, such as sphingomyelin or a saturated neutral phospholipid, at a concentration of
at least about 50 mole percent, and 5 to 15 mole percent of monosialylganglioside can also
impart desirably liposome properties, such as rigidity (see, e.g., U.S. Pat. No. 4,837,028).

[0168]  Additionally, the liposome suspension can include lipid-protective agents
which protect lipids against free-radical and lipid-peroxidative damages on storage.
Lipophilic free-radical quenchers, such as alpha-tocopherol and water-soluble iron-
specific chelators, such as ferrioxianine, are preferred.

[0169] The improved LAMP Constructs of the invention can include multilamellar
vesicles of heterogeneous sizes. For example, vesicle-forming lipids can be dissolved in a
suitable organic solvent or solvent system and dried under vacuum or an inert gas to form
a thin lipid film. If desired, the film can be redissolved in a suitable solvent, such as
tertiary butanol, and then lyophilized to form a more homogeneous lipid mixture which
is in a more easily hydrated powderlike form. This film is covered with an aqueous
solution of the peptide or polypeptide complex and allowed to hydrate, typically over a 15
to 60 minute period with agitation. The size distribution of the resulting multilamellar
vesicles can be shifted toward smaller sizes by hydrating the lipids under more vigorous
agitation conditions or by adding solubilizing detergents such as deoxycholate. The
hydration medium preferably comprises the nucleic acid at a concentration which is

desired in the interior volume of the liposomes in the final liposome suspension.
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[o170]  Following liposome preparation, the liposomes can be sized to achieve a
desired size range and relatively narrow distribution of liposome sizes. One preferred size
range is about 0.2 to 0.4 microns, which allows the liposome suspension to be sterilized
by filtration through a conventional filter, typically a 0.22 micron filter. Filter sterilization
can be carried out on a high throughput basis if the liposomes have been sized down to
about 0.2 to 0.4 microns. Several techniques are available for sizing liposome to a desired
size (see, e.g., U.S. Pat. No. 4,737,323).

[0o171]  Suitable lipids include, but are not limited to, DOTMA (Felgner, et al., 1987,
Proc. Natl. Acad. Sci. USA 84: 7413-7417), DOGS or Transfectain™ (Behr, et al., 1989,
Proc. Natl. Acad. Sci. USA 86: 6982-6986), DNERIE or DORIE (Felgner, et al., Methods
5: 67-75), DC-CHOL (Gao and Huang, 1991, BBRC 179: 280-285), DOTAP™ (McLachlan,
et al., 1995, Gene Therapy 2: 674-622), Lipofectamine™. and glycerolipid compounds
(see, e.g., EP901463 and W098/37916).

[0172]  Other molecules suitable for complexing with the improved LAMP
Constructs include cationic molecules, such as, polyamidoamine (Haensler and Szoka,
1993, Bioconjugate Chem. 4: 372-379), dendritic polysine (WO 95/24221), polyethylene
irinine or polypropylene h-nine (WO 96/02655), polylysine (U.S. Pat. No. 5,595,897; FR
2 719 316), chitosan (U.S. Pat. No. 5,744,166), DNA-gelatin coarcervates (see, e.g., U.S.
Pat. No. 6,207,195; U.S. Pat. No. 6,025,337; U.S. Pat. No. 5,972,707) or DEAE dextran
(Lopata, et al., 1984, Nucleic Acid Res. 12: 5707-5717).

Viral-Based Gene Delivery Vehicles

[0173]  In one aspect, the improved LAMP Construct delivery vehicle comprises a
virus or viral particle. In this aspect, preferably, the improved LAMP Construct comprises
a viral vector. Viral vectors, such as retroviruses, adenoviruses, adeno-associated viruses
and herpes viruses, are often made up of two components, a modified viral genome and a
coat structure surrounding it (see, e.g., Smith et al., 1995, Ann. Rev. Microbiol. 49: 807-
838), although sometimes viral vectors are introduced in naked form or coated with
proteins other than viral proteins. Most current vectors have coat structures similar to a
wild-type virus. This structure packages and protects the viral nucleic acid and provides

the means to bind and enter target cells.
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[0174]  Preferably, viral vectors comprising the improved LAMP Constructs
described herein are modified from wild-type viral genomes to disable the growth of the
virus in a target cell while enabling the virus to growin a host cell (e.g., such as a packaging
or helper cell) used to prepare infectious particles. Vector nucleic acids generally essential
cis-acting viral sequences for replication and packaging in a helper line and expression
control sequences for regulating the expression of a polynucleotide being delivered to a
target cell. Other viral functions are expressed in trans in specific packaging or helper cell
lines as are known in the art.

[0175]  Preferred improved LAMP Constructs are viral vectors derived from a virus
selected from the group consisting of herpes viruses, cytomegaloviruses, foamy viruses,
lentiviruses, Semliki forrest virus, AAV (adeno-associated virus), poxviruses,
adenovirases and retroviruses. Such viral vectors are well known in the art.

[0176] In one preferred aspect, a viral vector used is an adenoviral vector. The
adenoviral genome consists of a linear double-stranded DNA molecule of approximately
36 kb carrying more than about thirty genes necessary to complete the viral replication
cycle. The early genes are divided into 4 regions (E1 to E4) that are essential for viral
replication with the exception of the E3 region, which is believed to modulate the anti-
viral host immune response. The E1 region (EIA and EIB) encodes proteins responsible
for the regulation of transcription of the viral genome. Expression of the E2 region genes
(E2A and E2B) leads to the synthesis of the polypeptides needed for viral replication. The
proteins encoded by the E3 region prevent cytolysis by cytotoxic T cells and tumor
necrosis factor (Wold and Gooding, 1991, Virology 184: 1-8). The proteins encoded by the
E4 region are involved in DNA replication, late gene expression and splicing and host cell
shut off (Halbert, et al., 1985, J. Virol. 56: 250-257). The late genes generally encode
structural proteins contributing to the viral capsid. In addition, the adenoviral genome
carries at cis-acting 5' and 3' ITRs (Inverted Terminal Repeat) and packaging sequences
essential for DNA replication. The ITRs harbor origins of DNA replication while the
encapsidation region is required for the packaging of adenoviral DNA into infectious
particles.

[0177]  Adenoviral vectors can be engineered to be conditionally replicative (CRAd
vectors) in order to replicate selectively in specific cells (e.g., such as proliferative cells)

as described in Heise and Kim (2000, J. Clin. Invest. 105: 847-85 1). In another aspect,
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an adenoviral vector is replication-defective for the E1 function (e.g., by total or partial
deletion or mutagenesis of E1). The adenoviral backbone of the vector may comprise
additional modifications (deletions, insertions or mutations in one or more viral genes).
An example of an E2 modification is illustrated by the thermosensitive mutation localized
on the DBP (DNA Binding Protein) encoding gene (Ensinger et al., 1972, J. Virol. 10: 328-
339). The adenoviral sequence may also be deleted of all or part of the E4 region (see, e.g.,
EP 974 668; Christ, et al., 2000, Human Gene Ther. 11: 415-427; Lusky, et al., 1999, J.
Virol. 73: 8308-8319). Additional deletions within the non-essential E3 region may allow
the size of the polynucleotide being delivered to be increased (Yeh, et al., 1997, FASEB
Journal 11: 615 623). However, it may be advantageous to retain all or part of the E3
sequences coding for polypeptides (e.g., such as gp19k) allowing the virus to escape the
immune system (Gooding, et al., 1990, Critical Review of Immunology 10: 53-71) or
inflammatory reactions (EP 00440267.3).

[0178]  Second generation vectors retaining the ITRs and packaging sequences and
comprising substantial genetic modifications to abolish the residual synthesis of the viral
antigens also may be used in order to improve long-term expression of the expressed gene
in the transduced cells (see, e.g., WO 94/28152; Lusky, et al., 1998, J. Virol 72: 2022-
2032).

[0179] The improved LAMP Constructs being introduced into the cell may be
inserted in any location of the viral genome, with the exception of the cis-acting
sequences. Preferably, it is inserted in replacement of a deleted region (E1, E3 and/or E4),
preferably, within a deleted E1 region.

[0180] Adenoviruses can be derived from any human or animal source, in
particular canine (e.g. CAV-1 or CAV-2 Genbank ref. CAVIGENOM and CAV77082,
respectively), avian (Genbank ref. AAVEDSDNA), bovine (such as BAV3; Reddy, et al.,
1998, J. Virol. 72: 1394 1402), murine (Genbank ref. ADRMUSMAVI), ovine, feline,
porcine or simian sources or alternatively, may be a hybrid virus. Any serotype can be
employed. However, the human adenoviruses of the C sub-group are preferred, especially
adenoviruses 2 (Ad2) and 5 (Ad5). Such viruses are available, for example, from the ATCC.

[0181]  Adenoviral particles or empty adenoviral capsids also can be used to
transfer improved LAMP Constructs by a virus-mediated cointernalization process as

described in U.S. Pat. No. 5,928,944. This process can be accomplished in the presence
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of cationic agent(s) such as polycarbenes or lipid vesicles comprising one or more lipid
layers.

[0182]  Adenoviral particles may be prepared and propagated according to any
conventional technique in the field of the art (e.g., WO 96/17070) using a
complementation cell line or a helper virus, which supplies in trans the missing viral
genes necessary for viral replication. The cell lines 293 (Graham et al., 1977, J. Gen. Virol.
36: 59-72) and PERC6 (Fallaux et al., 1998, Human Gene Therapy 9: 1909-1917) are
commonly used to complement E1 deletions. Other cell lines have been engineered to
complement defective vectors (Yeh, et al., 1996, J. Virol. 70: 559-565; Kroughak and
Graham, 1995, Human Gene Ther. 6: 1575-1586; Wang, et al., 1995, Gene Ther. 2: 775-
783; Lusky, et al., 1998, J. Virol. 72: 2022-203; EP 919627 and WO 97/04119). The
adenoviral particles can be recovered from the culture supernatant but also from the cells
after lysis and optionally further purified according to standard techniques (e.g.,
chromatography, ultracentrifugation, as described in WO 96/27677, WO 98/00524 WO
98/26048 and WO 00/50573).

[0183] Cell-type specific targeting may be achieved with vectors derived from
adenoviruses having a broad host range by the modification of viral surface proteins. For
example, the specificity of infection of adenoviruses is determined by the attachment to
cellular receptors present at the surface of permissive cells. In this regard, the fiber and
penton present at the surface of the adenoviral capsid play a critical role in cellular
attachment (Defer, et al., 1990, J. Virol. 64: 3661-3673). Thus, cell targeting of
adenoviruses can be carried out by genetic modification of the viral gene encoding fiber
and/or penton, to generate modified fiber and/or penton capable of specific interaction
with unique cell surface receptors. Examples of such modifications are described in
Wickarn, et al., 1997, J. Virol. 71: 8221-8229; Arriberg, et al., 1997, Virol. Chem 268:
6866-6869; Roux, et al., 1989, Proc. Natl. Acad. Sci. USA 86: 9079-9083; Miller and Vile,
1995, FASEB J. 9: 190-199; WO 93/09221, and in WO 95/28494.

[0184] In a particularly preferred aspect, adeno-associated viral sequences are
used as vectors. Vectors derived from the human parvovirus AAV-2 (adeno-associated
virus type 2) are among the most promising gene delivery vehicles currently being
developed. Several of the features of this system for packaging a single-stranded DNA

suggest it as a possible alternative to naked DNA for delivery. A primary attractive feature,
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in contrast to other viral vectors such as vaccinia or adenovirus, is that AAV vectors do
not express any viral genes. The only viral DNA sequences included in the vaccine
construct are the 145 bp inverted terminal repeats (ITR). Thus, as in immunization with
naked DNA, the only gene expressed is that of the antigen, or antigen chimera.
Additionally, AAV vectors are known to transduce both dividing and non-dividing cells,
such as human peripheral blood monocyte-derived dendritic cells, with persistent
transgene expression, and with the possibility of oral and intranasal delivery for
generation of mucosal immunity. Moreover, the amount of DNA required appears to be
much less by several orders of magnitude, with maximum responses at doses of 101° to
101 particles or copies of DNA in contrast to naked DNA doses of 50 ug or about 101
copies.

[0185] Inone aspect, AAV vectors are packaged by co-transfection of a suitable cell
line (e.g., human 293 cells) with the DNA contained in the AAV ITR chimeric protein
encoding constructs and an AAV helper plasmid ACG2 containing the AAV coding region
(AAV rep and cap genes) without the ITRs. The cells are subsequently infected with the
adenovirus Ads. Vectors can be purified from cell lysates using methods known in the art
(e.g., such as cesium chloride density gradient ultracentrifugation) and are validated to
ensure that they are free of detectable replication-competent AAV or adenovirus (e.g., by
a cytopathic effect bioassay). AAV titer may be determined by quantitative PCR with virus
DNA samples prepared after digestion with proteinase K. Preferably, vector titers
produced by such a method are approximately 5x102 to 1x10'3 DNase resistant particles
per ml.

[0186] In other aspects, retroviral vectors are used. Retroviruses are a class of
integrative viruses which replicate using a virus-encoded reverse transcriptase, to
replicate the viral RNA genome into double stranded DNA which is integrated into
chromosomal DNA of the infected cells (e.g., target cells). Such vectors include those
derived from murine leukemia viruses, especially Moloney (Gilboa, et al., 1988, Adv. Exp.
Med. Biol. 241: 29) or Friend's FB29 strains (WO 95/01447). Generally, a retroviral vector
is deleted of all or part of the viral genes gag, pol and env and retains 5' and 3' LTRs and
an encapsidation sequence. These elements may be modified to increase expression level
or stability of the retroviral vector. Such modifications include the replacement of the

retroviral encapsidation sequence by one of a retrotransposon such as VL30 (see, e.g.,
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U.S. Pat. No. 5,747,323). Preferably, the improved LAMP Construct is inserted
downstream of the encapsidation sequence, preferably in opposite direction relative to
the retroviral genome. Cell specific targeting may be achieved by the conjugation of
antibodies or antibody fragments to the retroviral envelope protein as is known in the art.

[0187]  Retroviral particles are prepared in the presence of a helper virus or in an
appropriate complementation (packaging) cell line which contains integrated into its
genome the retroviral genes for which the retroviral vector is defective (e.g. gag/pol and
env). Such cell lines are described in the prior art (Miller and Rosman, 1989,
BioTechniques 7: 980; Danos and Mulligan, 1988, Proc. Natl. Acad. Sci. USA 85: 6460;
Markowitz, et al., 1988, Virol. 167: 400). The product of the env gene is responsible for
the binding of the viral particle to the viral receptors present on the surface of the target
cell and, therefore determines the host range of the retroviral particle. in the context of
the invention, it is advantageous to use a packaging cell line, such as the PA317 cells
(ATCC CRL 9078) or 293EI6 (W097/35996) containing an amphotropic envelope
protein, to allow infection of human and other species' target cells. The retroviral particles
are preferably recovered from the culture supernatant and may optionally be further
purified according to standard techniques (e.g. chromatography, ultracentrifugation).

[0188]  Other suitable viruses include poxviruses. The genome of several members
of poxyiridae has been mapped and sequenced. A poxyiral vector may be obtained from
any member of the poxyiridae, in particular canarypox, fowlpox and vaccinia virus.
Suitable vaccinia viruses include, but are not limited to, the Copenhagen strain (Goebel,
et al., 1990, Virol. 179: 247-266; Johnson, et al., 1993, Virol. 196: 381-401), the Wyeth
strain and the modified Ankara (MVA) strain (Antoine, et al., 1998, Virol. 244: 365-396).
The general conditions for constructing a vaccinia virus vector are known in the art (see,
e.g., EP 83 286 and EP 206 920; Mayr et al., 1975, Infection 3: 6-14; Sutter and Moss,
1992, Proc. Natl. Acad. Sci. USA 89: 10847-10851). Preferably, the polynucleotide of
interest is inserted within a non-essential locus such as the noncoding intergenic regions
or any gene for which inactivation or deletion does not significantly impair viral growth
and replication.

[0189]  Poxyiral particles are prepared as described in the art (Piccini, et al., 1987,
Methods of Enzymology 153: 545-563; U.S. Pat. No. 4,769,330; U.S. Pat. No. 4,772,848;
U.S. Pat. No. 4,603,112; U.S. Pat. No. 5,100,587 and U.S. Pat. No. 5,179,993). Generally,
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a donor plasmid is constructed, amplified by growth in E. coli and isolated by
conventional procedures. Then, it is introduced into a suitable cell culture (e.g. chicken
embryo fibroblasts) together with a poxvirus genome, to produce, by homologous
recombination, poxyiral particles. These can be recovered from the culture supernatant
or from the cultured cells after a lysis step (e.g., chemical lysis, freezing/thawing, osmotic
shock, sonication and the like). Consecutive rounds of plaque purification can be used to
remove contaminating wild type virus. Viral particles can then be purified using the
techniques known in the art (e.g., chromatographic methods or ultracentrifugation on
cesium chloride or sucrose gradients).

[0190] The use of vaccinia as a live virus vaccine in the global campaign to eradicate
smallpox made vaccinia an obvious choice for development as a live recombinant vaccine
vector. Live recombinant vaccinia viruses expressing close to 100 different foreign
proteins have been reported, and a number of these are effective experimental vaccines
(reviewed by Moss and Flexner, 1987). Vaccinia is particularly versatile as an expression
vector because of its large genomic size, capability of accepting at least 25,000 base pairs
of foreign DNA, and its ability to infect most eukaryotic cell types, including insect cells
(ibid.). Unlike other DNA viruses, poxviruses replicate exclusively in the cytoplasm of
infected cells, reducing the possibility of genetic exchange of recombinant viral DNA with
the host chromosome. Recombinant vaccinia vectors have been shown to properly
process and express proteins from a variety of sources including man, other mammals,
parasites, RNA and DNA viruses, bacteria and bacteriophage.

[0191]  The expression of DNA encoding a foreign protein is controlled by host virus
regulatory elements, including upstream promoter sequences and, where necessary, RNA
processing signals. Insertion of foreign DNA into nonessential regions of the vaccinia
virus genome has been carried out by homologous recombination (Panicali, et al., Proc.
Nat'l. Acad. Sci, USA, 79: 4927, 1982; Mackett, et al., Proc. Nat'l. Acad. Sci. USA, 79: 7415,
1982).

[0192]  Expression of antigens by the improved LAMP Construct may occur because
of transcriptional regulatory elements at or near the site of insertion or by more precise
genetic engineering. Plasmid vectors that greatly facilitate insertion and expression of
foreign genes have been constructed (Mackett, et al., J. Virol, 49: 857, 1982). These

vectors contain an expression site, composed of a vaccinia transcriptional promoter and
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one or more unique restriction endonuclease sites for insertion of the foreign coding
sequence flanked by DNA from a nonessential region of the vaccinia genome. The choice
of promoter determines both the time (e.g., early or late) and level of expression, whereas
the flanking DNA sequence determines the site of homologous recombination.

[0193]  Only about one in a thousand virus particles produced by this procedure is
a recombinant. Although recombinant virus plaques can be identified by DNA
hybridization, efficient selection procedures have been developed. By using segments of
nonessential vaccinia virus thymidine kinase (TK) gene as flanking sequences, the foreign
gene recombines into the TK locus and by insertion inactivates the TK gene. Selection of
TK virus is achieved by carrying out the virus plaque assay in TK cells in the presents of
5-bromodeoxyuridine. Phosphorylation of the nucleoside analogue and consequent lethal
incorporation into viral DNA occurs only in cells infected with TK+ parental virus.
Depending on the efficiency of the transfection and recombination, up to 80 of the
plaques are desired recombinants, and the rest are spontaneous TK mutants.

[0194] Plasmid vectors that contain the E. coli beta-galactosidase gene, as well as
an expression site for a second gene, permit an alternative method of distinguishing
recombinant from parental virus (Chakrabarti, et al., Mol. Cell. Biol., 5: 3403, 1985).
Plaques formed by such recombinants can be positively identified by the blue color that
forms upon addition of an appropriate indicator. By combining both TK selection and
beta-galactosidase expression, recombinant virus is readily and quickly isolated. The
recombinants are then amplified by propagation in suitable cell lines and expression of
the inserted gene is checked by appropriate enzymological, immunological or physical
procedures.

[0195]  An upper limit to the amount of genetic information that can be added to
the vaccinia virus genome is not yet known. However, the addition of nearly 25,000 base
pairs of foreign DNA had no apparent deleterious effect on virus yield (Smith, et al., Gene,
25:21, 1983). Were it necessary, large segments of the vaccinia virus genome could be
deleted to provide additional capacity (Moss, et al., J. Virol. 40: 387, 1981).

[0196]  Viral capsid molecules may include targeting moieties to facilitate targeting
and/or entry into cells. Suitable targeting molecules, include, but are not limited to:
chemical conjugates, lipids, glycolipids, hormones, sugars, polymers (e.g. PEG,
polylysine, PEI and the like), peptides, polypeptides (see, e.g., WO 94/40958), vitamins,
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antigens, lectins, antibodies and fragments thereof. Preferably, such targeting molecules
recognize and bind to cell-specific markers, tissue-specific markers, cellular receptors,
viral antigens, antigenic epitopes or tumor-associated markers.

[0197] Compositions comprising an improved LAMP Construct based on viral
particles may be formulated in the form of doses of between 10 and 10 i.u. (infectious
units), and preferably, between 10 and 10 i.u. The titer may be determined by
conventional techniques. The doses of LAMP Constructs are preferably comprised

between 0.01 and 10 mg/kg, more especially between 0.1 and 2 mg/kg.

Self-Replicating RNA

[0198]  Self-replicating RNA virus vectors can also be constructed using the

improved LAMP Constructs as described herein. For example, alphaviruses, flavivuses,
measle virus and rhabdoviruses can be used to generate self-replicating RNA virus
vaccines. Preferred strains of self-replicating RNA viruses include, but are not limited to
rabies virus (RABV), vesicular stomatisitis virus (VSV), West Nile virus, Kunjin virus,
Semliki Forest virus (SFV), Sindbis virus (SIN) and/or Venezuelan equine encephalitis
virus (VEE).

[0199]  Self-replicating RNA viruses express the native antigen upon delivery into
tissue, thus mimicking live attenuated vaccines without having the risk of reversion to
pathogenicity. They also stimulate the innate immune system, thus potentiating
responses. See, e.g., Ljungberg, K. “Self-replicating alphavirus RNA vaccines,” Expert
Rev Vaccines (2):177-94 (2015); Lundstrom, K., “Oncolytic Alphaviruses in Cancer
Immunotherapy”, Vaccines 5:9 (2017); Lundstrom, K. “Replicon RNA Viral Vectors as
Vaccines,” Vaccines 4:39 (2016) (hereby incorporated by reference in their entirety). Use
of self-replicating vaccines comprising the improved LAMP Constructs described herein
can also be used in prime-boost protocols.

[0200] Moreover, self-replicating RNA viruses can also be encapsulated by
liposomes, as described herein, to improve delivery and targeting. Immunization with
self-replicating RNA viruses comprising the improved LAMP Constructs described herein
may provide higher transient expression levels of antigens resulting in generation of
neutralizing antibody responses and protection against lethal challenges under safe

conditions.
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Cell-Based Delivery Vehicles

[0201] Theimproved LAMP Constructs according to the invention can be delivered

to target cells by means of other cells ("delivery cells) which comprise the constructs.
Methods for introducing constructs into cells are known in the art and include
microinjection of DNA into the nucleus of a cell (Capechi, et al., 1980, Cell 22: 479-488);
transfection with CaPos (Chen and Okayama, 1987, Mol. Cell Biol. 7: 2745 2752),
electroporation (Chuy, et al., 1987, Nucleic Acid Res. 15: 1311-1326); lipofection/liposome
fusion (Feigner, et al., 1987, Proc. Natl. Acad. Sci. USA 84: 7413-7417) and particle
bombardment (Yang, et al., 1990, Proc. Natl. Acad. Sci. USA 87: 9568-9572). Suitable
cells include autologous and non-autologous cells, and may include xenogenic cells.
Delivery cells may be induced to deliver their contents to the target cells by inducing their

death (e.g., by providing inducible suicide genes to these cells).

Accessory Molecules

[0202] The compositions comprising the improved LAMP Constructs according to
the invention may comprise one or more accessory molecules for facilitating the
introduction of an improved LAMP Construct into a cell and/or for enhancing a particular
therapeutic effect and/or enhancing antibody production.

[0203] In addition, the composition comprising the improved LAMP Construct
according to the present invention may include one or more stabilizing substance(s), such
as lipids, nuclease inhibitors, hydrogels, hyaluronidase (WO 98/53853), collagenase,
polymers, chelating agents (EP 890362), in order to inhibit degradation within the
animal/human body and/or improve transfection/infection of the vector into a target cell.
Such substances may be used alone or in combination (e.g., cationic and neutral lipids).

[0204] It hasalso been shown that adenovirus proteins are capable of destabilizing
endosomes and enhancing the uptake of DNA into cells. The mixture of adenoviruses to
solutions containing a lipid-complexed DNA vector or the binding of DNA to polylysine
covalently attached to adenoviruses using protein cross-linking agents may substantially
improve the uptake and expression of an improved LAMP Construct (see, e.g., Curiel, et

al., 1992, Am. I. Respir. Cell. Mol. Biol. 6: 247-252).

50



WO 2018/195527 PCT/US2018/028753

Host Cells

[0205] Improved LAMP Constructs according to the invention can be expressed in
a variety of host cells, including, but not limited to: prokaryotic cells (e.g., E. coli,
Staphylococcus sp., Bacillus sp.); yeast cells (e.g., Saccharomyces sp.); insect cells;
nematode cells; plant cells; amphibian cells (e.g., Xenopus); avian cells; and mammalian
cells (e.g., human cells, mouse cells, mammalian cell lines, primary cultured mammalian
cells, such as from dissected tissues).

[0206] Themolecules canbe expressed in host cellsisolated from an organism, host
cells which are part of an organism, or host cells which are introduced into an organism.
In one aspect, improved LAMP Constructs are expressed in host cells in vitro, e.g., in
culture. In another aspect, improved LAMP Constructs are expressed in a transgenic
organism (e.g., a transgenic mouse, rat, rabbit, pig, primate, etc.) that comprises somatic
and/or germline cells comprising nucleic acids encoding the improved LAMP Constructs.
Methods for constructing transgenic animals are well known in the art and are routine.

[0207] Improved LAMP Constructs also can be introduced into cells in vitro, and
the cells (e.g., such as stem cells, hematopoietic cells, lymphocytes, and the like) can be
introduced into the host organism. The cells may be heterologous or autologous with
respect to the host organism. For example, cells can be obtained from the host organism,
improved LAMP Constructs introduced into the cells in vitro, and then reintroduced into

the host organism.

Antigen Presenting Cells

[0208] In a preferred aspect of the invention, an improved LAMP Construct as
described herein is introduced into a natural or engineered antigen presenting cell.

[0209] The term "antigen presenting cell" (APC) as used herein intends any cell
which presents on its surface an antigen in association with a major histocompatibility
complex molecule, preferably a class II molecule, or portion thereof. Examples of suitable
APCs are discussed in detail below and include, but are not limited to, whole cells such as
macrophages, dendritic cells, B cells, hybrid APCs, and foster antigen presenting cells.
Methods of making hybrid APCs are described and known in the art.

[0210] Dendritic cells (DCs) are potent antigen-presenting cells. It has been shown

that DCs provide all the signals required for T cell activation and proliferation. These
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signals can be categorized into two types. The first type, which gives specificity to the
immune response, is mediated through interaction between the T-cell receptor/CD3
("TCR/CD3") complex and an antigenic peptide presented by a major histocompatibility
complex ("MHC" defined above) class I or II protein on the surface of APCs. This
interaction is necessary, but not sufficient, for T cell activation to occur. In fact, without
the second type of signals, the first type of signals can result in T cell anergy. The second
type of signals, called co-stimulatory signals, is neither antigen-specific nor MHC-
restricted, and can lead to a full proliferation response of T cells and induction of T cell
effector functions in the presence of the first type of signals.

[0211]  Several molecules have been shown to enhance co-stimulatory activity.
These include, but are not limited to, heat stable antigen (HSA), chondroitin sulfate-
modified MHC invariant chain (Ii-CS), intracellular adhesion molecule I (ICAM-1), and
B7 co-stimulatory molecule on the surface of APCs and its counter-receptor CD28 or
CTLA-4 on T cells.

[0212]  Other important co-stimulatory molecules are CD40, CD54, CD80, CD86.
As used herein, the term "co-stimulatory molecule" encompasses any single molecule or
combination of molecules which, when acting together with a peptide/MHC complex
bound by a TCR on the surface of a T cell, provides a co-stimulatory effect which achieves
activation of the T cell that binds the peptide. The term thus encompasses B7, or other co-
stimulatory molecule(s) on an APC, fragments thereof (alone, complexed with another
molecule(s), or as part of a fusion protein) which, together with peptide/MHC complex,
binds to a cognate ligand and result in activation of the T cell when the TCR on the surface
of the T cell specifically binds the peptide. Co-stimulatory molecules are commercially
available from a variety of sources, including, for example, Beckman Coulter.

[0213] In one aspect of the invention, the method described in Romani et al., J.
Immunol. Methods 196: 135-151, 1996, and Bender et al, J. Immunol. Methods 196: 121-
135, 1996, are used to generate both immature and mature dendritic cells from the
peripheral blood mononuclear cells (PBMCs) of a mammal, such as a murine, simian or
human. Briefly, isolated PBMCs are pre-treated to deplete T- and B-cells by means of an
immunomagnetic technique. Lymphocyte-depleted PBMC are then cultured for in RPMI
medium 9 e.g., about 7 days), supplemented with human plasma (preferably autologous

plasma) and GM-CSF/IL-4, to generate dendritic cells. Dendritic cells are nonadherent
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when compared to their monocyte progenitors. Thus, on approximately day 7, non-
adherent cells are harvested for further processing.

[0214] The dendritic cells derived from PBMC in the presence of GM-CSF and IL-
4 are immature, in that they can lost the nonadherence property and revert back to
macrophage cell fate if the cytokine stimuli are removed from the culture. The dendritic
cells in an immature state are very effective in processing native protein antigens for the
MHC class II restricted pathway (Romani, et al., J. Exp. Med. 169:1169, 1989). Further
maturation of cultured dendritic cells is accomplished by culturing for 3 days in a
macrophage-conditioned medium (CM), which contains the necessary maturation
factors. Mature dendritic cells are less able to capture new proteins for presentation but
are much better at stimulating resting T cells (both CD4 and CD8) to grow and
differentiate.

[0215] Mature dendritic cells can be identified by their change in morphology, such
as the formation of more motile cytoplasmic processes; by their nonadherence; by the
presence of at least one of the following markers: CD83, CD68, HLA-DR or CD86; or by
the loss of Fc receptors such as CD 115 (reviewed in Steinman, Annu. Rev. Immunol. 9:
271, 1991). Mature dendritic cells can be collected and analyzed using typical
cytofluorography and cell sorting techniques and devices, such as FACScan and FACStar.
Primary antibodies used for flow cytometry are those specific to cell surface antigens of
mature dendritic cells and are commercially available. Secondary antibodies can be
biotinylated Igs followed by FITC- or PE-conjugated streptavidin.

[0216]  Alternatively, others have reported that a method for upregulating
(activating) dendritic cells and converting monocytes to an activated dendritic cell
phenotype. This method involves the addition of calcium ionophore to the culture media
convert monocytes into activated dendritic cells. Adding the calcium 21 ionophore
A23187, for example, at the beginning of a 24-48 hour culture period resulted in uniform
activation and dendritic cell phenotypic conversion of the pooled "monocyte plus DC"
fractions: characteristically, the activated population becomes uniformly CD 14 (Leu M3)
negative, and upregulates HLA-DR, HLA-DQ, ICAM-1,137.1, and 137.2. Furthermore, this
activated bulk population functions as well on a small numbers basis as a further purified.
Specific combination(s) of cytokines have been used successfully to amplify (or partially

substitute) for the activation/conversion achieved with calcium ionophore: these
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cytokines include but are not limited to G-CSF, GM-CSF, IL-2, and IL-4. Each cytokine
when given alone is inadequate for optimal upregulation.

[0217]  The second approach for isolating APCs is to collect the relatively large
numbers of precommitted APCs already circulating in the blood. Previous techniques for
isolating committed APCs from human peripheral blood have involved combinations of
physical procedures such as metrizamide gradients and adherence/nonadherence steps
(Freudenthal et al. PNAS 87: 7698-7702, 1990); Percoll gradient separations (Mehta-
Damani, et al., J. Immunol. 153: 996-1003, 1994); and fluorescence activated cell sorting
techniques (Thomas et al., J. Immunol. 151: 6840-52, 1993).

[0218] There are many other methods routine in the art for isolating professional
antigen presenting cells (or their precursors) and that such methods and others which
may be developed are not limiting and are encompassed within the scope of the
invention.

[0219] In one embodiment, the APCs and therefore the cells presenting one or
more antigens are autologous. In another embodiment, the APCs presenting the antigen
are allogeneic, i.e., derived from a different subject.

[0220] As discussed herein, improved LAMP Constructs can be introduced into
APCs using the methods described above or others known in the art, including, but not
limited to, transfection, electroporation, fusion, microinjection, viral-based delivery, or
cell based delivery. Arthur et al., Cancer Gene Therapy 4(1): 17-25, 1997, reports a
comparison of gene transfer methods in human dendritic cells.

[0221] Known, partial and putative human leukocyte antigen (HLA), the genetic
designation for the human MHC, amino acid and nucleotide sequences, including the
consensus sequence, are published (see, e.g., Zemmour and Parham, Immunogenetics 33:
310-320, 1991), and cell lines expressing HLA variants are known and generally available
as well, many from the American Type Culture Collection ("ATCC"). Therefore, using
PCR, MHC class II-encoding nucleotide sequences are readily operatively linked to an
expression vector of this invention that is then used to transform an appropriate cell for
expression therein.

[0222] Professional APCs can be used, such as macrophages, B cells, monocytes,
dendritic cells, and Langerhans cells. These are collected from the blood or tissue of 1) an

autologous donor; 2) a heterologous donor having a different HLA specificity then the
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host to be treated; or 3) from a xenogeneic donor of a different species using standard
procedures (Coligan, et. al., Current Protocols in Immunology, sections 3 and 14, 1994).
The cells may be isolated from a normal host or a patient having an infectious disease,
cancer, autoimmune disease, or allergy.

[0223] Professional APCs may be obtained from the peripheral blood using
leukopheresis and "FICOLL/HYPAQUE" density gradient centrifugation (stepwise
centrifugation through Ficoll and discontinuous Percoll density gradients). Procedures
are utilized which avoid the exposure of the APCs to antigens which could be internalized
by the APCs, leading to activation of T cells not specific for the antigens of interest.

[0224] Cells which are not naturally antigen presenting can be engineered to be
antigen presenting by introducing sequences encoding appropriate molecules. For
example, nucleic acid sequences encoding MHC class II molecules, accessory molecules,
co-stimulatory molecules and antigen processing assisting molecules can be introduced
after direct synthesis, cloning, purification of DNA from cells containing such genes, and
the like. One expedient means to obtain genes for encoding the molecules used in the
improved LAMP Constructs and methods described herein is by polymerase chain
reaction (PCR) amplification on selected nucleic acid templates with selected
oligonucleotide primer pairs. For example, epithelial cells, endothelial cells, tumor cells,
fibroblasts, activated T cells, eosinophils, keratinocytes, astrocytes, microglial cells,
thymic cortical epithelial cells, Schwann cells, retinal pigment epithelial cells, myoblasts,
vascular smooth muscle cells, chondrocytes, enterocytes, thyrocytes and kidney tubule
cells can be used. These may be primary cells recently explanted from a host and not
extensively passaged in cell culture to form an established cell line, or established cell
lines that are relatively homogeneous and capable of proliferating for many generations
or indefinitely.

[0225] Cells that are not professional APCs are isolated from any tissue of an
autologous donor; a heterologous donor or a xenogeneic donor, where they reside using
a variety of known separation methods (Darling, Animal Cells: Culture and Media. J.
Wiley, New York, 1994; Freshney, Culture of Animal Cells. Alan R. Liss, Inc., New York,
1987). Non-autologous cells, e.g., heterologous or xenogeneic cells, can be engineered ex
vivo to express HLA class I and class II molecules that match known human HLA

specificities. These cells can then be introduced into a human subject matching the HLA
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specificity of the engineered cells. The cells are further engineered ex vivo to express one
or more LAMP Constructs according to the invention.

[0226] The engineered cells are maintained in cell culture by standard cell culture
methods (Darling, Animal Cells: Culture and Media". J. Wiley, New York, 1994; Freshney,
Culture of Animal Cells". Alan R. Liss, Inc., New York, 1987). Cell lines for use in the
present invention are obtained from a variety of sources (e.g., ATCC Catalogue of Cell
Lines & Hybidomas, American Type Culture Collection, 8th edition, 1995), or are
produced using standard methods (Freshney, Culture of Immortalized Cells, Wiley-Liss,
New York, 1996). Non-transformed cell lines are preferred for use in human subjects.

[0227] Inoneaspect, CD34+ precursors that are differentiating under the influence
of GM-CSF into dendritic cells are obtained from the body of a subject and nucleic acids
encoding LAMP Constructs according to the invention are introduced into the cells, which
are then injected into the subject. Utilizing the improved LAMP Constructs as described
herein will enhance the association of peptides derived from a particular antigen with
MHC class II molecules on the transduced antigen presenting cells, resulting in
significantly more potent systemic T cell dependent immune responses and/or antibody
production. While the antigen presenting cells transfected in this strategy are preferably
autologous cells, any MHC class II cells that effectively present antigen in the host may

be used as described above.

Peptide Vaccines

[0228] Also within the scope of this invention are peptide vaccines encoded by the
improved LAMP Construct Preferably, the antigen is processed within the
compartment/organelle (or subsequent compartment/organelle to which it is delivered)
to generate an epitope bound to an MHC class II molecule capable of modulating an
immune response.

[0229] The peptide vaccines encoded by the improved LAMP Constructs may also
may be bound in a membranous structure to facilitate its administration to the body of an
organism. For example, the peptide vaccine encoded by the improved LAMP Construct
may be incorporated into liposomes, as described in U.S. Pat. No. 4,448,765.

[0230] When a protein or polypeptide is to be used as an immunogen, it may be

produced by expression of any one or more of the improved LAMP Constructs described
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herein in a recombinant cell or it may be prepared by chemical synthesis. For example,
the Merrifield technique (Journal of American Chemical Society, vol. 85, pp. 2149-2154,
1968), can be used.

Methods of Producing Antibodies using LAMP Constructs

[0231] The improved LAMP Constructs as polynucleotides, the encoded proteins
of the improved LAMP Constructs, and/or cells (such as antigen presenting cells which
express the improved LAMP Constructs described herein) can be used to generate
antibodies by methods well known by the skilled artisan, such as, for example, methods
described in the art. See, for instance, Sutcliffe et al., supra; Wilson et al., supra; Chow et
al., Proc. Natl. Acad. Sci. USA 82:910-914 (1985); and Bittle et al., J. Gen. Virol. 66:2347-
2354 (1985). If in vivo immunization is used, animals may be immunized with a protein
encoded by the improved LAMP Construct and/or a polynucleotide comprising the
improved LAMP Construct comprising an antigen as described herein. Priming with
improved LAMP Constructs as polynucleotides, the encoded proteins of the improved
LAMP Constructs, and/or cells (such as antigen presenting cells which express the
improved LAMP Constructs described herein) followed by boosting with an antigen is a
preferred embodiment of the invention. In further preferred embodiments, priming with
an improved LAMP Construct as described herein followed by boosting with an antigen
is specifically contemplated and can be used to generate an even more robust immune
response, especially in view of antibody repertoire diversity and titer.

[0232] Theimproved LAMP Construct comprising the antigen may be injected into
the non-human vertebrate to raise antibodies. Preparation and injection of LAMP
Constructs into non-human vertebrates can be accomplished according to principles of
immunization of animals that are well known to those skilled in the art.

[0233] The use of an improved LAMP Construct to effectively present the antigen
involves, in one aspect, the antigen being processed by LAMP in Antigen Presenting Cells
after endocytosis and fusion of the endosome with a lysosome. The endosome then
merges with an exocytic vesicle from the Golgi apparatus containing class II MHC
molecules, to which the resultant peptides bind. The MHC-peptide complex then trafficks

to the plasma membrane where the antigen is available for display to CD4+ T cells.
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[0234] Animals such as rabbits, rats, mice, llamas, camels, and/or cows can be
immunized with the improved LAMP Construct comprising an antigen and/or a
polynucleotide encoding the improved LAMP Construct comprising an antigen.
Additional animals suitable for immunization include, non-human mammals, such as a
rodent (e.g. a guinea pig, a hamster, a rat, a mouse), murine (e.g. a mouse), canine (e.g. a
dog), feline (e.g. a cat), equine (e.g. a horse), a primate, simian (e.g. a monkey or ape), a
monkey (e.g. marmoset, baboon, rhesus macaque), an ape (e.g. gorilla, chimpanzee,
orangutan, gibbon).

[0235] For instance, intraperitoneal and/or intradermal injection of emulsions
containing about 100 micrograms of an improved LAMP Construct comprising an antigen
or carrier protein and Freund's adjuvant or any other adjuvant known for stimulating an
immune response may be used. Several booster injections (such as with the recombinant
antigen protein) may be needed, for instance, at intervals of about two weeks, to provide
a useful titer of an anti-antigen antibody which can be detected, for example, by ELISA
assay using free antigen adsorbed, directly or indirectly (e.g., via a biotinylated AviTag),
to a solid surface. The titer of anti-antigen antibodies in serum from an immunized animal
may be increased by selection of anti-antibodies, for instance, by adsorption to the
antigen on a solid support and elution of the selected antibodies according to methods
well known in the art.

[0236] Alternatively, a polynucleotide encoding the improved LAMP Construct
comprising an antigen can also be directly introduced into animals. See, for example, U.S.
patent numbers 5,676,954; 6,875,748; 5,661,133; Sahin et al., Nat Rev Drug Discov, 2014
Oct;13(10):759-80; Kariko et al., Mol Ther, 2008 Nov;16(11):1833-40; Kariko et al.,
Nucleic Acid Res, 2011, Nov;39(21):e142; US Patent number 6,511,832. In one example,
an improved LAMP Construct comprising an antigen is directly injected into a non-
human vertebrate. Injection into the animals can occur via intramuscular, intradermal,
intranasal, subcutaneous, intravenous, intratracheal, and intrathecal deliveries. Follow-
on boosting with a recombinant antigen can also be include in generating the antibodies.

[0237] Additionally, antibodies generated by the disclosed methods can be affinity
matured using display technology, such as for example, phage display, yeast display or
ribosome display. In one example, single chain antibody molecules ("scFvs") displayed

on the surface of phage particles are screened to identify those scFvs that
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immunospecifically bind to the antigen and/or the starting protein. The present
invention encompasses both scFvs and portions thereof that are identified to
immunospecifically bind to the antigen and/or the starting protein. Such scFvs can
routinely be "converted" to immunoglobulin molecules by inserting, for example, the
nucleotide sequences encoding the VH and/or VL. domains of the scFv into an expression
vector containing the constant domain sequences and engineered to direct the expression
of the immunoglobulin molecule.

[0238] Recombinant expression of the raised antibodies (including scFvs and other
molecules comprising, or alternatively consisting of, antibody fragments or variants
thereof (e.g., a heavy or light chain of an antibody of the invention or a portion thereof or
a single chain antibody of the invention)) using the improved LAMP Construct
comprising an antigen and/or a polynucleotide encoding the improved LAMP Construct
comprising an antigen of the invention, requires construction of an expression vector(s)
containing a polynucleotide that encodes the antibody or fragment or variant thereof.
Once a polynucleotide encoding an antibody molecule (e.g., a whole antibody, a heavy or
light chain of an antibody, or variant or portion thereof (preferably, but not necessarily,
containing the heavy or light chain variable domain)), of the invention has been obtained,
the vector(s) for the production of the antibody molecule may be produced by
recombinant DNA technology using techniques well known in the art. Thus, methods for
preparing an antibody by expressing a polynucleotide containing an antibody encoding
nucleotide sequence are described herein. Methods which are well known to those skilled
in the art can be used to construct expression vectors containing the antibody coding
sequences and appropriate transcriptional and translational control signals. These
methods include, for example, in vitro recombinant DNA techniques, synthetic
techniques, and in vivo genetic recombination and are described herein. The invention,
thus, provides replicable vectors comprising a nucleotide sequence encoding the anti-
antigen antibody obtained and isolated as described herein (e.g., a whole antibody, a
heavy or light chain of an antibody, a heavy or light chain variable domain of an antibody,
or a portion thereof, or a heavy or light chain CDR, a single chain Fv, or fragments or
variants thereof), operably linked to a promoter. Such vectors may include the nucleotide
sequence encoding the constant region of the antibody molecule (see, e.g., PCT

Publication WO 86/05807; PCT Publication WO 89/01036; and U.S. Patent No.

59



WO 2018/195527 PCT/US2018/028753

5,122,464) and the variable domain of the antibody may be cloned into such a vector for
expression of the entire heavy chain, the entire light chain, or both the entire heavy and
light chains.

[0239] The expression vector(s) can be transferred to a host cell by conventional
techniques and the transfected cells are then cultured by conventional techniques to
produce either the anti-antigen antibody. Thus, the invention includes host cells
containing polynucleotide(s) encoding the anti-antigen antibody (e.g., whole antibody, a
heavy or light chain thereof, or portion thereof, or a single chain antibody of the invention,
or a fragment or variant thereof), operably linked to a heterologous promoter. In
preferred embodiments, for the expression of entire antibody molecules, vectors encoding
both the heavy and light chains may be co-expressed in the host cell for expression of the
entire immunoglobulin molecule, as detailed below.

[0240] A variety of host-expression vector systems may be utilized to express anti-
antigen antibody. Such host-expression systems represent vehicles by which the coding
sequences of interest may be produced and subsequently purified, but also represent cells
which may, when transformed or transfected, with the appropriate nucleotide coding
sequences, express the anti-antigen antibody. These include, but are not limited to,
microorganisms such as bacteria (e.g., E. coli, B. subtilis) transformed with recombinant
bacteriophage DNA, plasmid DNA or cosmid DNA expression vectors containing
sequences; yeast (e.g., Saccharomyces, Pichia) transformed with recombinant yeast
expression vectors containing coding sequences; insect cell systems infected with
recombinant virus expression vectors (e.g., baculovirus) containing coding sequences;
plant cell systems infected with recombinant virus expression vectors (e.g., cauliflower
mosaic virus, CaMV; tobacco mosaic virus, TMV) or transformed with recombinant
plasmid expression vectors (e.g., Ti plasmid) containing coding sequences; or
mammalian cell systems (e.g., COS, CHO, BHK, 293, 3T3 cells) harboring recombinant
expression constructs containing promoters derived from the genome of mammalian cells
(e.g., metallothionein promoter) or from mammalian viruses (e.g., the adenovirus late
promoter; the vaccinia virus 7.5K promoter). Preferably, bacterial cells such as
Escherichia coli, and more preferably, eukaryotic cells, are used for the expression of the
anti-antigen antibody. For example, mammalian cells such as Chinese hamster ovary cells

(CHO), in conjunction with a vector such as the major intermediate early gene promoter
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element from human cytomegalovirus is an effective expression system (Foecking et al.,
Gene 45:101 (1986); Cockett et al., Bio/Technology 8:2 (1990)).

[0241] Inbacterial systems, a number of expression vectors may be advantageously
selected depending upon the intended use. For example, when a large quantity of a
protein is to be produced (for either antibody production or encoded polypeptides of the
improved LAMP Construct), vectors which direct the expression of high levels of fusion
protein products that are readily purified may be desirable. Such vectors include, but are
not limited to, the E. coli expression vector pUR278 (Ruther et al., EMBO 1. 2:1791
(1983)), in which the coding sequence may be ligated individually into the vector in frame
with the lac Z coding region so that a fusion protein is produced; pIN vectors (Inouye &
Inouye, Nucleic Acids Res. 13:3101-3109 (1985); Van Heeke & Schuster, J. Biol. Chem.
24:5503-5509 (1989)); and the like. pGEX vectors may also be used to express foreign
polypeptides as fusion proteins with glutathione s5-transferase (GST). In general, such
fusion proteins are soluble and can easily be purified from lysed cells by adsorption and
binding to matrix glutathione agarose beads followed by elution in the presence of free
glutathione. The pGEX vectors are designed to include thrombin or Factor Xa protease
cleavage sites so that the cloned target gene product can be released from the GST moiety.

[0242] In an insect system, Autographa californica nuclear polyhedrosis virus
(AcNPV) may be used as a vector to express an anti-antigen antibody or the encoded
polypeptides of the improved LAMP Construct. The virus grows in Spodoptera frugiperda
cells. Coding sequences may be cloned individually into non-essential regions (for
example, the polyhedrin gene) of the virus and placed under control of an AcNPV
promoter (for example, the polyhedrin promoter).

[0243] In mammalian host cells, a number of viral-based expression systems may
be utilized express an anti-antigen antibody or the encoded polypeptides of the improved
LAMP Construct. In cases where an adenovirus is used as an expression vector, the coding
sequence of interest may be ligated to an adenovirus transcription/translation control
complex, e.g., the late promoter and tripartite leader sequence. This chimeric gene may
then be inserted in the adenovirus genome by in vitro or in vivo recombination.

[0244] Insertionin a non-essential region of the viral genome (e.g., region El or E3)

will result in a recombinant virus that is viable and capable of expressing the anti-antigen
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antibody or the encoded polypeptides of the improved LAMP Construct in infected hosts
(e.g., see Logan & Shenk, Proc. Natl. Acad. Sci. USA 8 1:355-359 (1984)).

[0245] Specific initiation signals may also be required for efficient translation of
inserted coding sequences. These signals include the ATG initiation codon and adjacent
sequences. Furthermore, the initiation codon must be in phase with the reading frame of
the desired coding sequence to ensure translation of the entire insert. These exogenous
translational control signals and initiation codons can be of a variety of origins, both
natural and synthetic. The efficiency of expression may be enhanced by the inclusion of
appropriate transcription enhancer elements, transcription terminators, etc. (see, e.g.,
Bittner et al., Methods in Enzymol. 153:51-544 (1987)).

[0246] In addition, a host cell strain may be chosen which modulates the
expression of the inserted sequences, or modifies and processes the gene product in the
specific fashion desired. Such modifications (e.g., glycosylation) and processing (e.g.,
cleavage) of protein products may be important for the function of the protein. Different
host cells have characteristic and specific mechanisms for the post-translational
processing and modification of proteins and gene products. Appropriate cell lines or host
systems can be chosen to ensure the correct modification and processing of the foreign
protein expressed, to this end, eukaryotic host cells which possess the cellular machinery
for proper processing of the primary transcript, glycosylation, and phosphorylation of the
gene product may be used. Such mammalian host cells include, but are not limited to,
CHO, VERY, BHK, Hela, COS, NSO, MDCK, 293, 3T3, W138, and in particular, breast
cancer cell lines such as, for example, BT483, Hs578T, HTB2, BT20 and T47D, and
normal mammary gland cell line such as, for example, CRL7030 and HsS78Bst.

[0247] For long-term, high-yield production of recombinant proteins, stable
expression is preferred. For example, cell lines which stably express the express an anti-
antigen antibody or the encoded polypeptides of the improved LAMP Construct may be
engineered. Rather than using expression vectors which contain viral origins of
replication, host cells can be transformed with a polynucleotide controlled by appropriate
expression control elements (e.g., promoter, enhancer, sequences, transcription
terminators, polyadenylation sites, etc.), and a selectable marker. Following the
introduction of the foreign polynucleotide, engineered cells may be allowed to grow for 1-

2 days in an enriched media, and then are switched to a selective media. The selectable
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marker in the recombinant plasmid confers resistance to the selection and allows cells to
stably integrate the plasmid into their chromosomes and grow to form foci which in turn
can be cloned and expanded into cell lines. This method may advantageously be used to
engineer cell lines which express the anti-antigen antibody or the encoded polypeptides
of the improved LAMP Construct.

[0248] A number of selection systems may be used, including but not limited to,
the herpes simplex virus thymidine kinase (Wigler et al., Cell 11:223 (1977)),
hypoxanthineguanine phosphoribosyltransferase (Szybalska & Szybalski, Proc. Natl.
Acad. Sci. USA 48:202 (1992)), and adenine phosphoribosyltransferase (Lowy et al., Cell
22:8 17 (1980)) genes can be employed in tk-, hgprt- or aprt- cells, respectively. Also,
antimetabolite resistance can be used as the basis of selection for the following genes:
dhfr, which confers resistance to methotrexate (Wigler et al., Natl. Acad. Sci. USA 77:357
(1980); O'Hare et al., Proc. Natl. Acad. Sci. USA 78:1527 (1981)); gpt, which confers
resistance to mycophenolic acid (Mulligan & Berg, Proc. Natl. Acad. Sci. USA 78:2072
(1981)); neo, which confers resistance to the aminoglycoside G-418 (Goldspiel et al.,
Clinical Pharmacy, 12: 488-505 (1993); Wu and Wu, Biotherapy 3:87-95 (1991);
Tolstoshev, Ann. Rev. Pharmacol. Toxicol. 32:573-596 (1993); Mulligan, Science
260:926-932 (1993); and Morgan and Anderson, Ann. Rev. Biochem. 62: 191-217 (1993);
TIB TECH 11(5):155-2 15 (May; 1993)); and hygro, which confers resistance to
hygromycin (Santerre et al., Gene 30:147 (1984)). Methods commonly known in the art
of recombinant DNA technology may be routinely applied to select the desired
recombinant clone, and such methods are described, for example; in Ausubel et al. (eds.),
Current Protocols in Molecular Biology, John Wiley & Sons, NY (1993); Kriegler, Gene
Transfer and Expression, A Laboratory Manual, Stockton Press, NY (1990); and in
Chapters 12 and 13, Dracopoli et al. (eds), Current Protocols in Human Genetics, John
Wiley & Sons, NY (1994); Colberre-Garapin et al., J. Mol. Biol. 150:1 (1981).

[0249] The expression levels of either an anti-antigen antibody or the encoded
polypeptides of the improved LAMP Construct can be increased by vector amplification
(for a review, see Bebbington and Hentschel, The Use Of Vectors Based On Gene
Amplification For The Expression Of Cloned Genes In Mammalian Cells In DNA Cloning,
Vol.3. (Academic Press, New York, 1987)). When a marker in the vector system expressing

an anti-antigen antibody or the encoded polypeptides of the improved LAMP Construct
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is amplifiable, an increase in the level of inhibitor present in the host cell culture will
increase the number of copies of the marker gene. Since the amplified region is associated
with the coding sequence, production of the anti-antigen antibody express or the encoded
polypeptides of the improved LAMP Construct will also increase (Crouse et al., Mol. Cell.
Biol. 3:257 (1983)).

[0250] Other elements that can be included in vector sequences include
heterologous signal peptides (secretion signals), membrane anchoring sequences,
introns, alternative splice sites, translation start and stop signals, inteins, biotinylation
sites and other sites promoting post-translational modifications, purification tags,
sequences encoding fusions to other proteins or peptides, separate coding regions
separated by internal ribosome reentry sites, sequences encoding “marker” proteins that,
for example, confer selectability (e.g., antibiotic resistance) or sortability (e.g.,
fluorescence), modified nucleotides, and other known polynucleotide cis-acting features
not limited to these examples.

[0251] The host cell may be co-transfected with two expression vectors of the
invention, for example, the first vector encoding a heavy chain derived polypeptide and
the second vector encoding a light chain derived polypeptide. The two vectors may contain
identical selectable markers which enable equal expression of heavy and light chain
polypeptides. Alternatively, a single vector may be used which encodes, and is capable of
expressing, both heavy and light chain polypeptides. In such situations, the light chain is
preferably placed before the heavy chain to avoid an excess of toxic free heavy chain
(Proudfoot, Nature 322:52 (1986); Kohler, Proc. Natl. Acad. Sci. USA 77:2 197 (1980)).
The coding sequences for the heavy and light chains may comprise cDNA or genomic DNA
or synthetic DNA sequences.

[0252] Once an anti-antigen antibody or the encoded polypeptides of the improved
LAMP Construct has been produced by recombinant expression, it may be purified by any
method known in the art for purification of a protein, for example, by chromatography
(e.g., ion exchange, affinity (particularly by Protein A affinity and immunoaffinity for the
specific antigen), and sizing column chromatography), centrifugation, differential
solubility, or by any other standard technique for the purification of proteins. Further, an

anti-antigen antibody or the encoded polypeptides of the improved LAMP Construct may
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be fused to heterologous polypeptide sequences described herein or otherwise known in
the art to facilitate purification.

[0253] In one example, the anti-antigen antibody or the encoded polypeptides of
the improved LAMP Construct may be fused with the constant domain of
immunoglobulins (IgA, IgE, IgG, IgM), or portions thereof (CH1, CH2, CH3, or any
combination thereof and portions thereof), or albumin (including but not limited to
recombinant human albumin or fragments or variants thereof (see, e.g., U.S. Patent No.
5,876,969, issued March 2,1999, EP Patent 0 413 622, and U.S. Patent No. 5,766,883,
issued June 16,1998), resulting in chimeric polypeptides. Such fusion proteins may
facilitate purification and may increase half-life in vivo. This has been shown for chimeric
proteins consisting of the first two domains of the human CD4-polypeptide and various
domains of the constant regions of the heavy or light chains of mammalian
immunoglobulins. See, e.g., EP 394,827; Traunecker et al., Nature, 331:84-86 (1988).
Enhanced delivery of an antigen across the epithelial barrier to the immune system has
been demonstrated for antigens (e.g., insulin) conjugated to an FcRn binding partner
such as IgG or Fe fragments (see, e.g., PCT Publications WO 96/22024 and WO
99/04813). IgG Fusion proteins that have a disulfide-linked dimeric structure due to the
IgG portion disulfide bonds have also been found to be more efficient in binding and
neutralizing other molecules than monomeric polypeptides or fragments thereof alone.
See, e.g., Fountoulakis et al., J. Biochem., 270:3958-3964 (1995). Nucleic acids encoding
the anti-antigen antibody or the encoded polypeptides of the improved LAMP Construct
described herein can also be recombined with a gene of interest as an epitope tag (e.g.,
the hemagglutinin ("HA") tag or flag tag) to aid in detection and purification of the
expressed polypeptide. For example, a system described by Janknecht et al. allows for the
ready purification of non-denatured fusion proteins expressed in human cell lines
(Janknecht et al., 1991, Proc. Natl. Acad. Sci. USA 88:8972- 897). In this system, the gene
of interest is subcloned into a vaccinia recombination plasmid such that the open reading
frame of the gene is translationally fused to an amino-terminal tag consisting of six
histidine residues. The tag serves as a matrix-binding domain for the fusion protein.
Extracts from cells infected with the recombinant vaccinia virus are loaded onto Ni2+
nitriloacetic acid-agarose column and histidine-tagged proteins can be selectively eluted

with imidazole-containing buffers.
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Administration

[0254] Vaccine material according to this invention may contain the immune
stimulatory improved LAMP Constructs described herein or may be recombinant
microorganisms, or antigen presenting cells which express the immune stimulatory
improved LAMP Constructs. Preparation of improved LAMP Constructs containing
vaccine material according to this invention and administration of such improved LAMP
Constructs for immunization of individuals are accomplished according to principles of
immunization that are well known to those skilled in the art.

[0255] Large quantities of these materials may be obtained by culturing
recombinant or transformed cells containing replicons that express the improved LAMP
Constructs described herein. Culturing methods are well-known to those skilled in the art
and are taught in one or more of the documents cited above. The improved LAMP
Construct vaccines are generally produced by culture of recombinant or transformed cells
and formulated in a pharmacologically acceptable solution or suspension, which is usually
a physiologically-compatible aqueous solution, or in coated tablets, tablets, capsules,
suppositories or ampules, as described in the art, for example in U.S. Pat. No. 4,446,128,
incorporated herein by reference. Administration may be any suitable route, including
oral, rectal, intranasal or by injection where injection may be, for example, transdermal,
subcutaneous, intramuscular or intravenous.

[0256] The improved LAMP Constructs are administered to a mammal in an
amount sufficient to induce an immune response in the mammal. A minimum preferred
amount for administration is the amount required to elicit antibody formation to a
concentration at least 4 times that which existed prior to administration. A typical initial
dose for administration would be 10-5000 micrograms when administered intravenously,
intramuscularly or subcutaneously, or 105 to 10" plaque forming units of a recombinant
vector, although this amount may be adjusted by a clinician doing the administration as
commonly occurs in the administration of vaccines and other agents which induce
immune responses. A single administration may usually be sufficient to induce immunity,
but multiple administrations may be carried out to assure or boost the response.

[0257] The improved LAMP Construct vaccines may be tested initially in a non-

human mammal (e.g., a mouse or primate). For example, assays of the immune responses
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of inoculated mice can be used to demonstrate greater antibody, T cell proliferation, and
cytotoxic T cell responses to the improved LAMP Constructs than to wild type antigen.
Improved LAMP Constructs can be evaluated in Rhesus monkeys to determine whether
the vaccine formulation that is highly effective in mice will also elicit an appropriate
monkey immune response. In one aspect, each monkey receives a total of 5 mg DNA per
immunization, delivered IM and divided between 2 sites, with immunizations at day o
and at weeks 4, 8, and 20, with an additional doses optional. Antibody responses, ADCC,
CD4+ and CD8+ T-cell cytokine production, CD4+ and CD8+ T-cell antigen-specific
cytokine staining can be measured to monitor immune responses to the vaccine.

[0258] Further description of suitable methods of formulation and administration
according to this invention may be found in U.S. Pat. No. 4,454,116 (constructs), U.S. Pat.
No. 4,681,762 (recombinant bacteria), and U.S. Pat. 4,592,002 and 4,920,209

(recombinant viruses).

Cancer Immunotherapy: Candidates for Prevention and Treatiment
[0259] Candidates for cancer immunotherapy would be any patient with a cancer

treated with either an improved LAMP Construct as described herein. Examples include
patients with documented Epstein-Barr virus associated lymphomas, patients with HPV
associated cervical carcinomas, patients with chronic HCV, or patients with a defined re-
arrangement or mutation in an oncogene or tumor Suppressor gene.

[0260] In preferred embodiments, cancers that can be treated using the vaccines
described herein include, but are not limited to all stages of progression, including
hyperplasia of an adenocarcinoma, sarcoma, skin cancer, melanoma, bladder cancer,
brain cancer, breast cancer, uterine cancer, ovarian cancer, prostate cancer, lung cancer
(including, but not limited to NSCLC, SCLC, squamous cell cancer), colorectal cancer,
anal cancer, rectal cancer, cervical cancer, liver cancer, head and neck cancer, oral cancer,
salivary gland cancer, esophageal cancer, pancreas cancer, pancreatic ductal
adenocarcinoma (PDA), renal cancer, stomach cancer, kidney cancer, multiple myeloma
or cerebral cancer.

[0261] It is envisioned that therapy with a vaccine composition comprising the

improved LAMP Constructs could be utilized at any period during the course of the
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individual's cancer, once it is identified. It is also possible that in high risk patients,

vaccination in order to prevent the subsequent emergence of a cancer.

Procedure for Therapv

[0262] In one embodiment, the improved LAMP Constructs could be injected into
the patient at any suitable time during the course of their malignancy. For example, the
improved LAMP Constructs would be injected at a stage when the tumor burden was low.
In an alternative embodiment in which the improved LAMP Construct is introduced into
the individual's antigen presenting cells, precursors to the antigen presenting cells or
mature antigen presenting cells are drawn either from the individual's bone marrow or
peripheral blood by vena puncture. These cells are established in culture followed by
transduction with the improved LAMP Construct. Once transduction had occurred, these
antigen presenting cells are injected back into the patient.

[0263] Ina particularly preferred embodiment, the invention provides a method of
treatment for a cancer patient having low tumor burden, such as early in the disease, after
resection of a neoplastic tumor, or when the burden of tumor cells is otherwise reduced.
In this method, a cell population containing autologous stem cells capable of
differentiation into antigen presenting cells which will express MHC class IT molecules is
obtained from the patient. These cells are cultured and transformed by introducing an
improved LAMP Construct to deliver the antigen to be associated with an MHC class II
molecule either within the compartment/organelle or within another
compartment/organelle to which the antigen is delivered.

[0264] The transfected stem cell population is then reintroduced into the patient,
where the stem cells differentiate into antigen presenting cells which express MHC class
IT molecules complexed with Th epitopes from the antigen. The immune response to the
antigen will be enhanced by enhanced stimulation of the helper T cell population.

[0265] More generally, in one embodiment, this invention provides a vaccine
composition comprising the improved LAMP Construct for modulating an immune
response in a mammal to an antigen (i.e., stimulating, enhancing, or reducing such a

response).

Kits
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[0266] The invention further comprises kits to facilitate performing the methods
described herein. In one aspect, a kit comprises an improved LAMP Construct as
described herein and a cell for receiving the improved LAMP Construct. The kit may
additionally comprise one or more nucleic acids for engineering the cell into a
professional APC. In one aspect, however, the cell is a professional APC. The cell may or
may not express co-stimulatory molecules. In a preferred aspect, when the cell does not
express co-stimulatory molecules, the antigen encoded by the improved LAMP Construct
is an autoantigen. In another aspect, a panel of cells is provided expressing different MHC
molecules (e.g., known to be expressed in human beings). In a further aspect, the kit
comprises reagents to facilitate entry of the improved LAMP Constructs into a cell (e.g.,
lipid-based formulations, viral packaging materials, cells, and the like). In still a further
aspect, one or more T cell lines specific for the antigen encoded by the improved LAMP
Construct is provided, to verity the ability of the improved LAMP Construct to elicit,

modulate, or enhance an immune response.

EXAMPLES
[0267] The invention will now be further illustrated with reference to the following
examples. It will be appreciated that what follows is by way of example only and that

modifications to detail may be made while still falling within the scope of the invention.

Example 1 — Construction of LAMP Constructs
[0268] The improved LAMP Constructs illustrated in Figure 1 can be constructed

using standard molecular biology techniques well known to the skilled artisan. For
example, plasmids comprising the polynucleotides can be designed to generate the
different structures ILC-1 to ILC-6 shown in Figure 1. The LAMP domains illustrated in
Figure 1 can be derived from the amino acid sequences shown in Figures 3-10. Preferably
the LAMP domains are derived from the human LAMP proteins shown in Figures 3-10.
It is envisioned that the corresponding domains can also be cloned from the orthologous
sequences by identifying the equivalent domains when compared to the human sequence.
An antigen of interest (including one or more antigens of interest) can be cloned into the

described LAMP Constructs either individually or in combination.
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Example 2 - Immune Response Evaluation of Mice to LAMP Constructs
[0269] The ability of the improved LAMP Constructs as described in Example 1 can

be tested for their ability to modulate an immune response. For example, Female BALB/c
mice can be immunized i.d with 50ug of the improved LAMP Constructs and s5ug of
GMCSF in 100ul PBS using nanopass on day o, 14 and 28. Experiment will then be
terminated 4 weeks after the last dose.

[0270]  Splenocytes (3x105/well) are stimulated with antigenic protein (1oug/ml)
in T cell media (RPMI with 10% heat inactivated FBS,1% penicillin/streptomycin, and 1X
2-ME), supernatants are collected 72h after. Supernatants are diluted (400ul supernatant
+ 200ul T cell media) and cytokines are evaluated by ELISA. IL-10 or IL-4 production

can be measured via ELISPOT assay.

Example 3 — Improved Antigen Presentation using LAMP Constructs

[0271]  Survivin is the smallest member of the Inhibitor of Apoptosis (IAP) family
of proteins, involved in inhibition of apoptosis and regulation of cell cycle. These
functional attributes make Survivin a unique protein exhibiting divergent functions i.e.
regulating cell proliferation and cell death. Expression of Survivin in tumors correlates
with not only inhibition of apoptosis and a decreased rate of cell death, but also resistance
to chemotherapy and aggressiveness of tumors [1-6]. Therefore, Survivin is an important
target for cancer vaccines and therapeutics [7-9]. Survivin has also been found to be
prominently expressed on both human and embryonic stem cells and many somatic stem
cell types indicating its yet unexplored role in stem cell generation and maintenance.

[0272] Cancer is a heterogeneous group of diseases where abnormal cell growth
with potential to invade other body parts takes control of normal homeostasis and
becomes fatal if not timely and rightly treated. Immunotherapy specifically targets tumor
cells thereby avoiding collateral damage to non-tumor cells and inducing anti-tumor
response. This anti-tumor response also has the potential to eradicate tumor at distant
sites in the body which may not be possible by surgical resection. Induction or
enhancement of anti-tumor immune response is a formidable challenge in cancer because
tumor cells use multiple evasion strategies and avoid being detected or eliminated by

immune cells.
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[0273] The aim of this project is to evaluate in vivo immune response of all new
generation of LAMP Constructs injected by I.D. in BALB/c mice. Specifically, mice were
immunized with 50 ug of the tested constructs defined in the legend of Figure 1 by
intradermal injection. No adjuvants were added at this experiment. Six mice per group
were administrated with vaccines every 7 days with total three dose in one month.
Immune response was monitored 14 days after the last immunization.

[0274] The tested LAMP constructs were generated as described herein and the
sequence of each tested construct is shown in Figure 19. Survivin protein was purchased
from MyBiosource (San Diego, CA). Survivin peptides were from GenScript (Piscataway,
NJ). Anti-survivin and m-IgGk-BP-HRP were bought from Santa Cruz Biotechnology
(Dallas, TX), and mouse Monoclonal anti-LAMP-1/CD107a were from OriGene
Technologies (Rockville, MD). ELISPOT antibody pairs for IFNy were from Biolegend.
Fluorescently coupled CD3, CD4, CD8, CD44, CD62L, IFNy, TNFq, granzyme B, CD69
monoclonal antibodies and Zombie aqua fixable viability kit were purchased from
BioLegend (San Diego, CA). Goat anti-mouse IgG2a-HRP and goat anti-mouse IgG-HRP
were purchased from Southern Biotechnologies (Birmingham, AL). Streptavidin-HRP
was purchased from Thermo Fisher (Waltham, MA). SureBlue TMB microwell peroxidase
substrate and TMB stop solution were purchased from KPL (Gaithersburg, MD).

[0275] 50 ug of each construct was used in a total volume of 100 ul per mouse per
dose for Pharmajet. Mice were immunized with the vaccine by i.d. delivery on days o, 7,
and 14. Mice were bled on days 28 for serum collection. Serum was collected and stored
in -30°C. Spleens were collected on day 28 at the termination of experiment and
processed for ELISPOT and FACS to evaluate survivin specific T cell responses.

[0276] Measurement of plasma survivin-specific total IgG by ELISA.
The murine antibody response to survivin was assessed by indirect ELISA. ELISA plates
(MaxiSorp) were coated with 2 ug/ml survivin (1-142) protein in carbonate-bicarbonate
buffer overnight and then blocked with 2% BSA in PBS. Plasma samples were diluted
1:100 in blocking buffer. Samples were detected with goat anti-mouse IgG-HRP
(Southern Biotech, Birmingham, AL). Reaction was developed with SureBlue TMB
Substrate and stopped with TMB Stop Solution from KPL (Gaithersburg, MD). Plates
were read (OD450) by using Epoch ELISA reader (BioTek, Winooski, VT).
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[0o277] Evaluation of antigen-specific T cell response. To assess antigen—
specific T cell response in the vaccinated mice, splenocytes from vaccinated mice were
evaluated for antigen-specific IFNy production by Enzyme-linked immunospot
(ELISPOT). For ELISPOT assays, 96-well nitrocellulose plates (Millipore), were coated
overnight at 4°C with 100 ul/well of capture monoclonal antibody in PBS. The plates were
washed three times with 200 ul/well PBS and blocked with 200 ul /well T cell media for
at least 2 hrs at room temperature. Splenocytes were plated at 3x105 cells/well and co-
cultured with 2 ug/ml pooled peptides of Survivin (Table 1) or concavalin A (0.125 ug/ml)
or medium alone in a total volume of 200 ul/well T cell media (RPMI-1640 with L-
Glutamine and HEPES (ATCC), 1% penicillin, 1% streptomycin, and 5 x 105M 3-ME) at
3x105 cells/well for 48h at 37°C in 5% CO2. The plates were washed two times with 200
ul/well PBS and two times with 200 ul/well PBS-T (0.05% Tween/PBS). Diluted detection
antibodies (50 pl/well in PBS-T/0.5%BSA) were added and plates were incubated for 2
hrs with shaking at room temperature. Plates were washed four times with PBS.
Streptavidin-alkaline phosphatase diluted in PBS (50 ul/well) were added and incubated
for 2 h. Plates were washed with PBS four times and developed with 50 ul/well of 3-
Amino-9-Ethylcarbazole (AEC, BD Bioscience) substrate for 10 min. Color development
was stopped by washing under running tap water. After drying 72h at room temperature
in dark, colored spots were counted using an AID ELISPOT High-Resolution Reader
System and AID ELISPOT Software version 3.5 (Autoimmun Diagnostika GmbH).

Table 1. Pooled peptides from Genscript

Pooled P1 Suri-15, Suri1-25, Sur 21-35, Sur31-45, sur 41-55

Pooled P2 Surs1-65, sur61-75, sur71-85, sur81-95

Pooled P3 Surg1-105, sur 101-115, suri11-125, suri21-135, suri31-142
Pooled P4 Sur31-45, sur41-55 and sur51-65

[0278] Western blots. 293T cells were transfected with the tested constructs
using lipofectamine 2000 reagents (Invitrogen). Transfected cells were washed with PBS
and suspended in 200 ul of RIPA lysis buffer with halt proteinase inhibitors (Thermo
Scientific, Waltham, MA). Lysates were centrifuges (700 g for 15 minutes at 4°C), followed

by measurement of protein concentration in the clarified supernatants using Pierce BCA
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protein Assay kit (ThermoFisher Scientific, Waltham, MA). 10 ug of protein was
electrophoresed in pre-cast (4-20%) SDS-PAGE gels (BioRad, Hercules, California), and
transferred onto nitrocellulose membranes (BioRad) and immunoblotted with mAbs to
hLLAMP. Membranes were blocked with Detection™ block buffer (KPL) and probed with
rabbit anti-human LAMP (Sino Biological Inc., Beijing, China) or anti-survivin antibody
and goat anti-rabbit-HRP antibody, and then developed with TMB (KPL).

[0279] Flow cytometry. Cells were first labelled with Zombie aqua fixable
viability dye in PBS (1:500 dilution), followed by surface antibodies (1:100 dilution) in
staining buffer (4% FBS, 2% rat serum, 2% mouse serum in PBS). For intracellular
staining cells were stained with Zombie aqua, followed by surface staining, fixation with
4% paraformaldehyde, and stained with intracellular antibody in permeabilization buffer
(PBS with 1% FCS 0.1% saponin). Samples were analyzed on a CytoFlex flow cytometer
(Beckman Coulter) and analyzed using Kaluza software (Beckman Coulter).

[0280] Statistics. Two-Way ANOVA test was performed using GraphPad Prism
6.0 software or R file to evaluate the statistical significance. Each mouse’s RPMI result
was deducted from the results of the antigen activation.

[0281] Study Design.

RG RN T T L L o P DT R PR D PRy ipJ= ; =
HECINGRI STV Bhantaebalidation in Balb /s mice e rimi IN PJ=yes  iDNA=yes
Group Treatment Concentratiorl Dose Route #Mice Vol. Mice ID Eartag D-0 D-7 D-14 D-28
2/16/2018 | 2/26/2018 | 3/5/2018 | 3/12/2018 | 3/26/2018
A Control Vector 2.52 mg/ml 50ug Pharamajet 6 100ul 7896 - 7901
B Survivin +LAMP 3.4 mg/ml 50ug Pharamajet 6 100ul 7902 - 7907
C Survivin preluminal LAMP | 5.88 mg/ml 50ug Pharamajet 6 100ul 7908 - 7913 Eafrtag/Pre 1st 2nd 3rd Harvest
ew per N - L
TAMP-luminal-D1- Immunizati | Immunizati | Immunizati| spleen and
; 1
D survivin 2 mg/fml S50ug Pharamajet 6 100ul 7914 - 7919 group poo on on on serum
E Survivin-LAMP-luminal | 5 o0 SOug | Pharamajer 6 100ul 7997 - 8002
domain 1
F LAMP-hinge-survivin 2 mg/ml 50ug Pharamajet 6 100ul 8003 - 8008

[0282] Figure 14: Validation of the plasmids: 293T cells were transfected
with the plasmids for 3 days. Transfected cells were lysed, and then electrophoresed in
pre-cast SDS-PAGE gel. The proteins were transferred to nitrocellulose membranes and
immunoblotted with mAbs to human LAMP (OriGene, #TA337108) or survivin Santa
Cruz #17779). Molecular weight of LAMP = 100KD, Survivin = 16KD. Figure 13 shows
that all tested LAMP constructs produced appropriately sized protein.
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[0283] Figures 15 and 16: Tested LAMP Constructs induce Thi1 effector T
cells producing IFNy. Female BALB/c mice were immunized i.d with 50 ug of the
indicated constructs in 100 ul PBS via Pharmajet device on day 0, 7 and 14. Experiment
was terminated 14 days after the last dose. Splenocytes (3x105/well) were stimulated with
survivin pooled peptides (4 ug/ml) in T cell media (RPMI with 10% heat inactivated
FBS,1% penicillin/streptomycin, and 1X -ME), for 48 h. A. IFNy production by spots. B.
IFNy production induced by all pooled peptides (bar figure from A). n= 6 per group. Two
way ANOVA (R file) was used for statistical analysis. Figure 14 shows that all tested LAMP
constructs induced a robust T cell response as shown by IFNy production.

[0281] We unexpectedly found that after 3 dose of the improved LAMP Constructs
(one week apart), a robust Thi type response elicited by tested LAMP Constructs,
especially ILC-4 where the hinge sequence was replaced by survivin gene. More
interestingly, improved LAMP Construct ILC-4 appears to recognize the survivin epitopes
from N-terminal to C-terminal, and induce T cell response against human survivin
peptide sequence which is 100% identical to the mouse. We also found longer (72hrs)
stimulation of frozen-thawed splenocyte cells with survivin peptides, ILC-4 showed
significant higher IFNy production than the first generation of LAMP-survivin (see Figure
19). Specifically, Figure 16 shows that the all improved LAMP Constructs tested showed
higher T cell response with ILC-4 having the best activity as this constructed elicited a
significantly higher T cell response against all survivin peptides pools. Moreover, contrary
to what was known in the art, removal of the second homology domain of the luminal
domain created an improved LAMP construct that elicited a more robust immune
response as compared to the complete LAMP construct (see, results for ILC-2 and ILC-
3). Frozen splenocytes (4x105/well) were stimulated with pooled peptides 4 (4 ug/ml) in
T cell media (RPMI with 10% heat inactivated FBS,1% penicillin/streptomycin, and 1X (3-
ME), for 48 h. n=6 per group. Two way ANOVA was used for statistical analysis. *p<0.05,
**p<0.01, ¥***p<0.005, ****p<0.0001

[0284] Figure 17. CD4 T cells are the major source of IFNy producing
cells. Female BALB/c mice were immunized i.d with 50 ug of the indicated vaccines in
100 ul PBS via Pharmajet device on day 0, 7 and 14. Experiment was terminated 14 days

after the last dose. Splenocytes (1x106/well) were stimulated with pooled peptides 1 (4
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ug/ml) in T cell media (RPMI with 10% heat inactivated FBS,1% penicillin/streptomycin,
and 1X B-ME) over night, followed by adding monesin and brefeldin A and culturing for
additional sh. Cells were harvested and stained by Zombie, surface marker, and
intracellular staining according to ITI staining protocol. Cells are gated on memory CD4
T cells (CD4+CD44+CD62L-) or CD8 T cells (CD8+CD44+CD62L-). Data is
representative of one mouse in each group. While there is an increase in CD8 effector
memory cells in vaccinated mice with the various constructs, IFNy production is more
pronounced in the CD4 T cell population.

[0285] Figure 18: Improved LAMP Constructs produced stronger
survivin-specific total IgG response in BALB/c mice. Female BALB/c mice were
immunized i.d with 50 ug of the indicated vaccines in 100 ul PBS via Pharmajet device on
day o, 7 and 14. Experiment was terminated 14 days after the last dose. Mice were bleed
on days 28. Serum was separated and stored in -30°C. Total IgG and IgG2a were
determined in serum by ELISA. Briefly, ELISA plates were coated with 2 pug/ml survivin
(1-142aa), blocked with PBS/2%BSA, serum (1:100 dilution in blocking buffer) were
evaluated by HRP-conjugated goat anti mouse IgG (1:6000) and IgG2a (1:11000). n=6
mice per group. **p<0.01, ***p<0.005, ****p<0.0001. Importantly and contrary to what
was known in the art, Figure 18 shows that fragments of the luminal domain worked
better than use of the complete luminal domain (i.e., compare complete LAMP construct
with constructs ILC-2 and I1.-3). Moreover and unexpectedly, insertion of the antigen
between the two homology domains of the luminal domain generated the strongest

antibody response (see, ILC-4).
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Example 4: Therapeutic Treatment of LAMP Constructs
[0287] Female BALB/c mice can be inoculated s.c with syngeneic 7000 4T1

mammary carcinoma cells on day 0. Vaccine 50ug and sug of GMCSF in 100ul PBS is
given i.d using nanopass once the tumors are palpable. Primary tumors are measured
with a caliper and tumor volume is calculated using the formula p/6 (length x width)3/2.
Average tumor volume as a function of days after tumor inoculation can be measured. A

Kaplan-Meier plot can be used to show overall survival at the point of termination.

Example 5 — Prime/Boost Protocol

[0288] Herpesvirus entry mediator (HVEM), also known as tumor necrosis factor
receptor superfamily member 14 (TNFRSF14) or CD270, is a human cell surface receptor
of the TNF-receptor superfamily. In recent years, HVEM has been found highly expressed
on hematopoietic cells and a variety of parenchymal cells, such as breast, melanoma,
colorectal, and ovarian cancer cells, as well as gut epithelium. HVEM is a bidirectional
protein, either inhibiting or stimulating T cells, through binding to BTLA or LIGHT
(TNFSF14).

[0289] We generated a DNA vaccine encoding HVEM-LAMP to generate an
antibody which could block the inhibitory function of HVEM for tumor therapeutic
applications. We hypothesized that LAMP will promote the antibody response by
enhancing the affinity of HVEM specific antibodies and/or expanding the repertoire of B
cell epitopes in the HVEM protein. In this study, we compared the immunogenicity of
HVEM encoding plasmid with and without LAMP. The HVEM sequence:

HVEM amino acids 39-202 (SEQ ID NO:114)
LPSCKEDEYPVGSECCPKCSPGYRVKEACGELTGTVCEPCPPGTYIAHLNGLSKCLQCQ
MCDPAMGLRASRNCSRTENAVCGCSPGHFCIVQDGDHCAACRAYATSSPGQRVQKGG
TESQDTLCQNCPPGTFSPNGTLEECQHQTKCSWLVTKAGAGTSSSHWV

[0290] Plasmids encoding HVEM-LAMP and HVEM and recombinant HVEM
protein were designed by ITI and produced by NTC (Lincoln, NE). Polynucleotides
encoding the following HVEM sequence was cloned into the improved LAMP Constructs

described herein:
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[0291]  Goat anti-mouse IgG-HRP was purchased from Southern Biotechnologies
(Birmingham, AL). SureBlue TMB microwell peroxidase substrate and TMB stop solution
were purchased from KPL (Gaithersburg, MD). ELISPOT plates were ordered from EMD
Millipore (Billerica, MA, Cat. No. MAIPS4510). IFN-y antibody pair used in ELISPOT was
purchased from BioLegend (San Diego, CA) and clones AN18 and R46A2 were used as
coating and detection, respectively. Streptavidin-HRP and AEC substrate were purchased
from BD Biosciences (San Jose, CA).

[0292] Six to eight week old female Balb/c mice were purchased from Harlan
Laboratories (Frederick, MA) and maintained at animal facility in Immunomic
Therapeutics, Inc. (Rockville, MA). Mice (n=6) were treated with 1oug/dose of HVEM-
LAMP, HVEM, or LAMP vector control by Ichor electroporation IM delivery at days o, 7,
and 14. On day 35, mice were boosted with 5ug HVEM protein in the presence of Alum by
i.p. injection. On day 28 and 49, mice were bled and sera were isolated for antibody
detection. Mice were sacrificed on day 56 and splenocytes were tested for IFN-y
production by ELISPOT.

[0293]  ELISA procedure was followed by Su et al., J of Immunol Res; (13):1-15
(2016). Plates were coated with s5ug/ml HVEM protein. Data were analyzed by using
Microsoft Excel and Prism 6 software.

[0294] The primary aim of this study was to compare the antibody profiles between
HVEM-LAMP and HVEM. On day 28, HVEM-LAMP vaccinated mice produced
significant higher level of HVEM specific IgG antibody than that of the HVEM group
(Figure 11). After a protein boost, the HVEM specific antibody was increased about 1000-
fold in HVEM immunized mice and the mean titer was changed from 100 to 108000. This
result indicates that the immune memory was induced by the HVEM DNA plasmid.
Although HVEM DNA alone only induced a minimal antibody response, protein boost
rapidly recalled the immune memory. On the other hand, HVEM-LAMP group again
exhibited a significant higher titer than the HVEM and LAMP groups, the mean titer is 5
folds of the HVEM group, indicating the power of LAMP in enhancing antibody response
(Figure 12).

[0295] Additionally serum samples (Day 49) from HVEM+LAMP or HVEM alone
immunized/HVEM protein boosted mice were pooled and tested for peptide mapping.

Twelve peptides were found to be bound to the pooled serum (mouse IgG reaction) and
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seven of the twelve peptides showed strong binding affinity. HVEM+LAMP alters the

binding affinity of peptides 17. 24, 25, and 28 as compared to HVEM alone as shown in

Figure 13. These changes may have physiological effects in protecting tumor growth.
[0296] In conclusion, data from this study suggest that two constructs were

expressed in vivo and LAMP significantly improved the humoral immune response.

Example 6: Production of an Antibody from a Polypeptide
[0297] Anti-antigen antibodies can be prepared by a variety of standard methods

of raising antibodies using animal injection. (See, Current Protocols, Chapter 2.) For
example, cells expressing an improved LAMP Construct comprising an antigen described
herein is administered to a non-human vertebrate to induce the production of sera
containing polyclonal antibodies. In a preferred method, a preparation of the
LAMP/antigen protein is prepared and purified to render it substantially free of natural
contaminants. Such a preparation is then introduced into the non-human vertebrate to
produce polyclonal antisera of greater specific activity.

[0298] In the most preferred method, the anti-antigen antibodies of the present
invention are monoclonal antibodies (or protein binding fragments thereof). Such
monoclonal antibodies can be prepared using hybridoma technology. (Kohler et al.,
Nature 256:495 (1975); Kohler et al., Eur. J. Immunol. 6:511 (1976); Kohler et al., Eur. J.
Immunol. 6:292 (1976); Hammerling et al., in: Monoclonal Antibodies and T-Cell
Hybridomas, Elsevier, N.Y., pp. 563-681 (1981).) In general, such procedures involve
immunizing a non-human vertebrate animal (preferably a rabbit, mouse, cow, camel,
llama) with an improved LAMP Construct comprising an antigen, the encoded
polypeptide of an improved LAMP Construct comprising an antigen or, more preferably,
with an improved LAMP Construct-expressing cell. Such cells may be cultured in any
suitable tissue culture medium; however, it is preferable to culture cells in Earle's
modified Eagle's medium supplemented with 10% fetal bovine serum (inactivated at
about 56 degrees C), and supplemented with about 10 g/1 of nonessential amino acids,
about 1,000 U/ml of penicillin, and about 100 ug/ml of streptomycin.

[0299] The splenocytes of such non-human vertebrate host (e.g, mice) are
extracted and fused with a suitable myeloma cell line. Any suitable myeloma cell line may

be employed in accordance with the present invention; however, it is preferable to employ
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the parent myeloma cell line (SP20), available from the ATCCT™. After fusion, the
resulting hybridoma cells are selectively maintained in HAT medium, and then cloned by
limiting dilution as described by Wands et al. (Gastroenterology 80:225-232 (1981).) The
hybridoma cells obtained through such a selection are then assayed to identify clones
which secrete antibodies capable of binding the antigen.

[0300] It will be appreciated that Fab and F(ab")2 and other fragments of the anti-
antigen antibodies may be used according to the methods disclosed herein. Such
fragments are typically produced by proteolytic cleavage, using enzymes such as papain
(to produce Fab fragments) or pepsin (to produce F(ab')2 fragments). Alternatively,
secreted protein-binding fragments can be produced through the application of
recombinant DNA technology or through synthetic chemistry.

[0301] For in vivo use of antibodies in humans, it may be preferable to use
"humanized" chimeric monoclonal antibodies. Such antibodies can be produced using
genetic constructs derived from hybridoma cells producing the monoclonal antibodies
described above. Methods for producing chimeric antibodies are known in the art. (See,
for review, Morrison, Science 229:1202 (1985); Oi et al., BioTechniques 4:214 (1986);
Cabilly et al., U.S. Pat. No. 4,816,567; Taniguchi et al., EP 171496; Morrison et al., EP
173494; Neuberger et al., WO 8601533; Robinson et al., WO 8702671; Boulianne et al.,
Nature 312:643 (1984); Neuberger et al., Nature 314:268 (1985).)

Example 7: Use of Polynucleotides to Generate Polyclonal and Monoclonal
Antibodies

[0302] Methods of directly injecting polynucleotides into animals are well
described in the art. See, for example, U.S. patent numbers 5,676,954; 6,875,748;
5,661,133. For example, a polynucleotide encoding an improved LAMP Construct
comprising an antigen can be injected into the quadriceps muscles of restrained awake
mice (female 6-12 week old BALB/c or Nude, nu/nu, from Harlan Sprague Dawley,
Indianapolis, Ind.). In one embodiment, 50 ug of a polynucleotide in 50 ul solution using
a disposable sterile, plastic insulin syringe and 28G V2 needle (Becton-Dickinson,
Franklin Lakes, N.J., Cat. No. 329430) fitted with a plastic collar cut from a micropipette
tip can be used to inject the mice, as described in Hartikka, J., et al., Hum. Gene Ther.
7:1205-1217 (1996)).
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[0303] Alternatively, 6-week old Sprague Dawley female mice (body weight 20-25
grams) can be given 5000 ppm ZnOSO4 in their drinking water beginning 24 hours prior
to injection. This amount of zinc has been shown to be able to activate the metallothionein
promoter. Each mouse is then injected intravenously through a tail vein puncture with a
25 gauge needle with 30 ug of a polynucleotide encoding an improved LAMP Construct
comprising an antigen complexed with 150 ug liposome (Lipofection TM) in a total
volume of 30 pl. Animal care should be maintained throughout the study and should be
performed in compliance with the “Guide for the Use and Care of Laboratory Animals”,
Institute of Laboratory Animal Resources, Commission on Life Sciences, National
Research Council, National Academy Press.

[0304] After the injected polynucleotide encoding the improved LAMP Construct
comprising an antigen is delivered into the cells in the animal, the antigen is delivered to
the endosome/lysosome, processed and presented to the immune system. The improved
LAMP Construct comprising an antigen can then stimulate the production of antibodies
specific to the antigen. These antibodies can be isolated and used as a polyclonal mixture
or further isolated into single species or monoclonals. The process of the immune
response and production of antibodies against foreign antigens in vivo are well known in
the art.

[0305] In a third animal model, Balb/c 3T3 A31 cells are transfected by
electroporation with a polynucleotide encoding an improved LAMP Construct comprising
an antigen. G418 resistant clones expressing LAMP Construct comprising an antigen are
identified by their ability to bind human RBC. To generate polyclonal antibodies, Balb/c
mice are immunized twice intraperitoneally, at an interval of 14 days, with 107 cells
comprising the improved LAMP Construct comprising an antigen. After a final boost, the
immune serum is collected, IgG is purified by protein G Sepharose and passed over an
antigen column prepared by coupling 1.0 mg purified antigen to cyanogen bromide
activated Sepharose CL-4B. Bound IgG can be eluted with 0.1 M glycine buffer pH 2.5 and
neutralized with 0.1 volumes of 0.1 M Tris pH 8.0. To generate a monoclonal antibody
(mAb), Balb/c mice are immunized with LAMP Construct comprising an antigen and
hybridomas are generated by fusing immune spleen cells with the SP2 myeloma following

standard methods (28). A positive well reacting specifically with an antigen can be
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identified by enzyme-linked immunosorbent assays as described in the art. The

hybridoma is cloned three times by limiting dilution to produce an antibody.

Example 8: Immunization of an improved LAMP Construct Comprising an
Antigen

[0306] Methods of raising antibodies in mammals are well known in the art. In one
example, polyclonal antiserum against LAMP Construct comprising an antigen is raised
by immunization of pathogen free rabbits with a total of 500 ug an improved LAMP
Construct comprising an antigen over a period of two months. For example, the improved
LAMP Construct comprising an antigen can be dissolved in PBS and emulsified with an
equal volume of Freund’s adjuvant. After the final booster, the serum of the rabbits can
be separated to determine the titer of the polyclonal antiserum.

[0307] Inan additional animal model, groups of 5 mice (C57BL/6J; Jackson Labs)
can be subcutaneously immunized with 5 pg of endotoxin-free LAMP Construct
comprising an antigen emulsified in alum. Three weeks later, mice are bled and the
presence of anti-antigen specific antibodies can be determined by titering the seras by
ELISA (direct binding of antibodies in sera to wild type BPTI or APP-KI coated, directly
or indirectly (via a biotinylated tag and streptavidin), on the wells).

[0308] To obtain monoclonal antibodies, 4-6 week old Balb/c mice can be
immunized with an improved LAMP Construct comprising an antigen (for example 4
times with 2 week intervals with 10-100 pg/injection dissolved in Freunds complete
adjuvant for the first injection, and Freund’s incomplete adjuvant for subsequent
immunizations). Splenocytes are isolated and fused with a fusion cell line such as Sp2/0
myeloma cells, followed by limiting dilution. Growing clones are screened using for
example an enzyme-linked immunosorbant assay (ELISA). 96 cells plates are coated with
an improved LAMP Construct comprising an antigen or with a control protein. The
culture supernatant is added, followed by washing and addition of a labeled anti-mouse
antibody for detection. After limited dilution cloning of the anti-antigen antibody
producing stable hybridomas are obtained. From each cell, supernatant is collected and
by affinity chromatography using protein A sepharose columns monoclonal antibodies

can be purified.
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[0309] Variations, modifications, and other implementations of what is described
herein will occur to those of ordinary skill in the art without departing from the spirit and
scope of the invention and the claims. All of the patents, patent applications,
international applications, and references identified are expressly incorporated herein by

reference in their entireties.
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CLAIMS
What is Claimed

1. Animproved LAMP Construct comprising:
a. a Cysteine Conserved Fragment of a LAMP Protein; and

b. an antigenic domain.

2. The improved LAMP Construct of claim 1, wherein:
a. the antigenic domain is placed at the N-terminus of the Cysteine
Conserved Fragment;
b. the antigenic domain is place at the C-terminus of a single Cysteine
Conserved Fragment; or
c. the antigenic domain is placed in between two Cysteine Conserved

Fragments.
3. The improved LAMP Construct of either claim 1 or claim 2, wherein the improved
LAMP Construct comprises the structure shown in Figure 1 of ILC-1, ILC-2, ILC-3, ILC-

4, ILC-5 or ILC-6.

4. The improved LAMP Construct of claim 3, wherein each antigen is separated by a

linker.

5. The LAMP Construt of claim 4, wherein the linker is selected from the amino acid
sequence GPGPG or PMGLP.

6. The improved LAMP Construct of any of the preceding claims, wherein the

improved LAMP Construct comprises more than one Cysteine Conserved Fragment.

7. The improved LAMP Construct of any one of claims 1-6, wherein the Cysteine

Conserved Fragment comprises a Homology Domain of a LAMP Protein.
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8. The improved LAMP Construct of any one of claims 1-7, wherein the improved

LAMP Construct further comprises a Transmembrane Domain of a LAMP Protein.

9. The improved LAMP Construct of any of claims 1-8, wherein the improved LAMP

Construct further comprises a signal sequence.

10. The improved LAMP Construct of claim 9, wherein the signal sequence is derived
from a LAMP Protein.

11. The improved LAMP Construct of any one of claims 1-10, wherein the LAMP
protein is selected from LAMP-1, LAMP2, LAMP-3, LIMP 2, Macrosailin, Endolyn,
LAMP5 or LIMBIC.

12. The improved LAMP Construct of claim 11, wherein the LAMP Protein is
selected from any one of SEQ ID NO:1-113.

13. The improved LAMP Construct of claim 12, wherein the LAMP Protein is at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about

90%, at least about 95%, 96%, 97%, 98% or 99% identical to SEQ ID NO:1-113.

14. A polynucleotide encoding the improved LAMP Construct of any one of claims

1-13.

15. A host cell comprising the polynucleotide of claim 14.

16. A composition comprising the improved LAMP Construct of any one of claims

1-13, the polynucleotide of claim 14, or the host cell of claim 15.
17. A method of treating a subject having a disease or a disorder, wherein the

method comprises administering to a subject in need thereof the improved LAMP

Construct of any one of claims 1-13, the polynucleotide of claim 14, the host cell of claim
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15, or the composition of claim 16 in an amount sufficient to reduce or treat the disease

or disorder.

18. The method of claim 17, wherein the method comprises a priming step and at

least one boosting step.

19. The method of claim 18, wherein the improved LAMP Construct is used in the

priming step.
20. The method of either claim 18 or 19, wherein the boosting step comprises
administration of an antigen, an improved LAMP Construct, a polypeptide encoded by an

improved LAMP Construct, or a cell comprising the improved LAMP Construct.

21. The method of any one of claims 17-20, wherein the antigen used to prime is the

same that is used to boost.

22, The method of any one of claims 17-21, wherein the antigen used to prime is

derived from the same protein as a second antigen used to boost.

23. The method of any one of claims 17-22, wherein more than one antigen is used to

prime and/or boost.
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FIGURE 3: HUMAN LAMP-1 ALIGNMENT WITH ORTHOLOGOUS SEQUENCES

SIGNAL SEQUENCE LAME HOMOLOGY DOMAIN 1

SEQIDNO: 1 58
SEQIDNO: 6 MAAPGAR-RPLL~~-1 LAH-~GASALFEVK-NN-GTTCIMASFSASFLTTYETAN 52
SEQIDNO: 7 e MARAAG-VCWT LLMGCVFA-AH Av FEVTDGN-~STCTKGELNASFSISYNTTN 50
SEQIDNO: 8 ~MSWRQVKMPVYWMAVMLLT GVVQ-VATAVOFEVKDGKTN I TCI LADLSINFSVIYNVSS 58

MAAPGSARRPLLLLLLLLLLGLVH-CASAAMFMVKNGN-GTACIMANFSASESVNYDTKS

MAAPGSARRSLLL-LLLLLLGLTH-CASAAMEIVKNGN-GTACIMANEFSAAFSVNYDTKS
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2 MEAPGGARRPLLLL---LLLGLVH--GASAVEVVRNSN-GTACIMANFEFSAVESVIYESKS
3 MAAPGGARRRPLLL-——-LLFAGLVH--GASAVEVVENGN-GTACIMADESATFLTSYDTRS
MAAPGAR-RPLL---LLLLAGLAH--SAPALFEVEDNN-GTACIMASESASFLTTYDAGH
———————— MGGAA-—-RAVLLGFL-—-QASSSEFDVRDST-GKVCITIANLTVAFSVEYKSSG

oA
e

SEQIDNO: L: 46
SEQIDNO: L6 MAAPGGAWREREFLL "LLLLCAFR ----- GASAVEVVSDGN-GTACIMADFAAAFEISYDSRS 56
SEQIDNO: 17 MARPGGARTPORLL--LLLLGLIH-~ VA““IE/VKDC'mbT"“lNAthATESPﬂYTIKS 55
SEQIDNO:18 ——————— MﬁkhL;—"AﬁvLLp‘L"""QAq‘SED/R ST-GKVCITIANLTVAFSVEYKSNG 47
SEQIDNO:1% —=———— MARGLLA--AAALLGFL-——-QASSSFEVKDS ~—GKV TLADLTVAFSVEYKTNY 48
SEQIDNOQ:Z0 MVESSSCRRGLLL--AAVLLGEFL---QASSTFEVRDKT-GKICILANFSAEFTVDYSTKA 5
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SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:

MRKSEFPSITVALEI-VCSAVLADT - - -—QAVVILEVKEGN--STCIKARFSAVESTTYNTTN
MERSHALVVL-I-TAWEFSLSGC----I10AVSLEVKEGN -~ STCIKANLSAYESITYNTSS

NN
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MTRTCPFVVGE-T-AC-FAT LGCVTVVOSOVTLEVT RGN - - ST CTKARLSASFSTTYDTAN
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i
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SEQIDNO:

SEQIDNO GSQIVNISL } 2n SC NVSDPSLTITE "LNFTKNTTRYSVQOHM 110
SEQIDNO: 7 GTSVSVEFALPASASVIE~RSSCGS-AAVPPELALVEGD THTH“T)LJFSRDUR*VQVSW¢ 108
SEQIDNO: 8 KMELATEFVLPSEAVININKSSCGVENTTAPVLALIQFGSNH-~3 HFARNNTRYEVAEL 116
SEQIDNO: ¢ GEKNMTFDLESPA-JVLNRTSCGBENT DPSLVIAFGRGH~--TLTLNFTRNATRYSVQOLM 116
SEQIDNO: GPENMTFDLPSDAKVVLNSSSCERENTSDPSLVIAFGRGO--TLTLNFTRNATRY3VQIM 115
SEQIDNO: L1 GPEKNVTEFDLPSDA-VVLNSSSCGKENTSDPSIMIAFGKGH--GLTILNFTRNATRYSVQLM 112
SEQIDNO: 12 GYENASFELPATA-EVONTISCGRENTSNPSLOTIAFGRGH-~-VLALNFTRNATLYSVPLL 111
SEQIDNO: 13 GPFONKSFELPAGA-E V“WSSSC&KFNASDSSTVTVFCRbH ----- TLTLIFTRNATRYEVQLM 112
SEQIDNO: 14 VSKfS]WF-’Akhh“LYJSSSCGEKNAS’PT RLTFTENTTRYSVOHM 111
SEQIDNO: 15 OKOFAHFFLPONATSO-SHESCGEGNTEHPL] {-—-LISLNFSKTLDKYQVEEL 1
SEQIDNO:16 GARKNTTEFSLPASA- VLN&SSCGK. SDSSI i H--TLTLSFTRNATRYSVQOIM 1.
SEQIDNO: 17 GLESTTIRLPONA-SVMNSS33CGK] SNPII & H--TLTMNEFSSTTOSYQVELL 1L
SEQIDNO: 18 CROFAHFFLPONATIQ-SHSSCGE SHPILALSFGAGH-~LLSLNF3KTLDKYQVEEL 1
SEQIDNO: 19 QREFVHEFLPONASYD-S0OSSCGK] SHPILVLDFGGGH-~SLSLNFSESADKYQVEEL 1
SEQIDNO: 20 KVERKTEQLPSSAHINKESSSCGKERKET SOV LVVEEUECN——SLTPWEWKKP“‘V'VQWL i
SEQIDNO: 21 DTRTVSVFLEPNSTTVDSANSSCGS sSTPCLMAKFGPGH--YEFGMNESTNGSLYSVDTL 1
SEQIDNO:22 STRTAQFILFDSATVDPDSSTCGG 5SS PWLVAVEGAGH--ALGLGESTNGSEYSVANL
SEQIDNO:23 GTRTVMVPLPGSAVVGV-ASSCEG-DEREPWLVALFGDGH--ALGLGESSNDS LY SVAKL
SEQIDNO: 24 T T T T T T T e e e e e e e e e e e e o e o e -
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LAMP HOMOLOGY DOMAIN 1

SEQIDNO: L

A 167

CSEQTDNOZ(() h )\ CNAL DR LY L ST DL ARALD LINKAXS VoL 8 AR R VAV Y o%
SEQIDNO:7 SLOYN FPOSSSAGVCSVMASYSELMSARINSTYRCVSESSSISLSAAVNLTLSGY 168
SEQIDNO: & IIFPNASENGTRTV-STNKTAVLAENDTVYRKCMNPHL T

VMEYNL

RMDN-ANATFHDI 17
VYNLSD 3 KT-VESIT 173

ADIDKEYRCVSGTQVHM

SEQIDNO: 9
SEQIDNO: 10
SEQIDNO: 11 IYNLSDTQIFPNASSK-ETKT-VESATDIRADINKKYRCVINTQIHMHN-VTVTFHDV
SEQIDNCG: 12 FYNLSDSDLEPNASSK-DIK s3TT ADIDKRYRCVSDBSKVPMGN-VTVILODA
SEQIDNO: 13 REAYNLSDTDTFPNSEST-GVKT-VESATDIKADINKTYRCVSETQOVNMDN-VTVTLRDA
SEQIDNO: 1 ) YNLSDTQFFPNASSK-GPDT-VDSTTDIKADINKTYRCVSDIRVYMKN-VTIVLWDA
SEQIDNO: 1 TEHYNLSDETLEFPNATEG-KVMV-ATQRKSVIOARIGTEYRCINSKYVRMKH-VNITESNY
SEQIDNO: 1 DAEFFPSASSK-GTKT-VAASTDIRADLNTRKYRCVENSQVHLIN-VTVTLGNA
SEQIDNO: 1 DATLEFPNASKGSEESS-VKSKTDIQADTHRRKYRCVSSNRITMSN-VTIVLSDV

DETLEFPNASEG-RKVME-VTOKSVIQARIGTEYRC S KYIYIRH-VNITESNV

SEQIDNO: CINS
SEQIDNO: SDATLEFPNSSTG-GMKT-VSHK DAHMGTQYRCINSKHINMEN-VNVTESNY

[IEEY

.

RN

- "
GOy~ S~ O Y Y Y O
OO O W oo

(oo I BN S &)
N

[E T !

N
=
O

s

S pedd ped R el

SEQIDNO: FSYNLSDSSEFEFPNSSG--GQRE-VSRAGDIQANINTTYRCRSNHRVNMTN-VTVLESNV €8
SEQIDNO: 21 YNLSDASLFPEANSSGPVDFELSASVGIWAPTNTTYRCLSPTTITITR-PSVIFSEM 169
SEQIDNG:22 TLOYNLSDASVEPDANS SGVVTV-VISSVEIWAAVNTTYRCLSSVLFOVGG-ATVIFSDM 167
SEQIDNO:23 TLOYNLSDVSNFPEANSTDVVTVE-TTSVEMVARVNTTYRCISASPVIVGG-ATVIFINY 165

S
[

SEQIDNO:I 24  —m oo

LAMP HOMOLOGY DOMAIN 1 Hinge Region

SEQIDNO: ]
SEQIDNO: @
SEQIDNO:

RPSP T TATPRP = == o e o o o on e PSP-5P-~~-SPVPKSPS 218
rODGESPTTGRP-~———— ===~ PSP-3P-—--PLVPTNPT 209

STTVAPPESTTw e e - == TEPPRPTRPPVEE 213

Oy
)

O

T

- .
JMEAYMSS

;
SEQIDNO: 8 RLEAYLKQSN PTSAPA~PV~=Tmm===Tmmm==—TAPVPAP-VPDEP 219
SEQIDNO: 9 TIQAYLSNSSFSRGETRCEQDRPSPTTAPPAP~—~——~———=~ P3P-SP---SPVPESES 218
SEQIDNO: 10 TIQAYLSNSSFSREETRCEQDRPSPTTAPPAP-———=———=—= PSP-SP---3PVPESES 217
SEQIDNO: 11 TIQAYLANSNFSKEETRCEQDGPFPTTAPPPR -~ ~~~PHP-3P~~~SPAPESPS 214
SEQIDNO: 12 ~PSPPSP-SP-~~PPKPESPS 219
SEQIDNO: 13 ~TTPPOP-AP--~TPAPASFA 210

SEQIDNO: 14 i ] 210
SEQIDNO:15 TLE. INDTESANKT H-——- ATSOVPTTSPAPTY PA 215
SEQIDNO: 16 TIOAYLANNSESQOETRCED ~TAPPTP-TEP-—- TPAPTSEV 214
SEQIDNO: 17 TIOAY FSKEE ODTESPSPVPTT ~IPVPTP-TPTRPPTPAEIRPP 224
SEQIDNC: 18 : MVSTTTVAP] ~ITSQVPATSPAPTAAPSNPA 216
SEQIDNO: 19 LSVNKTE! VETTTMY TTGPAPTS-PPNPT 216
SEQIDNO:20 TLEAYLPNNAFSKNDSVCAEDKTSTVA-—PPI] IPTTTSLAPPT-PPPTDTPK 220
SEQIDNO: 21 KLEAYMPGNDFSPAERVCAADQTTTGAPTTT T~~~ ~=====-SAATP-TT-PSFPTPAGTPE 218
SEQIDNO:22 RLEAYMPGNDLSPRESFCAADQTTTAFPTTTAAR - - —-TTTAATTM-AP-PAPTPRPGTPV 221
SEQIDNO: 23 TMEAFMIGEDLSPNESVCTADOSFTTAPPPPPS— - -~ ~~——TTTAA-PA-PVPTPPCTPS 219
SEQIDNO:24 @ ————mmmm——— MVOICRVOSWEVEVTPLLIFATVLHOGFATVAP-PTPAPHKEPGRPE 46

* . *
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Hinge LAMP HOMOLOGY DOMAIN 2

SEQIDNO: 1 VOKYNVSGED 276
SEQIDNO: 6 VSKYNVIGNNGT-CLLASMAL VT RA —-SSG3CGINLVTL 266
SEQIDNO:7 RGNYSVIDGNGTVCVLALMGE PHT-TTONCSVSELMNLOPNQTTVSGSCGVIESS] 272
SEQIDNO: 8 VVQYSVNRSSEP-CLLAKVGLO! TYT-TEDGRKNGSYVENIESKGVTVDGNCTNT 277
SEQIDNO: 9 VDKYNVSGTNGT- kLLhwﬂGlQL YE- TTVIRLLNINPNKTSASGSCGAHLVTIL 276
SEQIDNO: 10 VDKYNVSGTNGT-CLLASMGLOLNLTYE-RKDNTTVTRLININPNKTLASGSCGAHLVTL 275
SEQIDNO: 11 VHRKYNVIGANGT~CLLASMGLOLNVITYK-KKDNTTVVKVVSINPNKTTAGESCGAQLVTL 272
SEQIDNO: 12 VSRYNVSDGENAT-CLLASMGLOLNLTYV-HRDNATVTRVENINPNKTKPSGHCGAQQOVTL 277
SEQIDNO: 13 VEFRYNVSGSNGT-CLLASMGLOLNVTYR-RVDNKTVTREFNVNPNKTTFGGNCSATLATL 268
SEQIDNO: 14 VSKYNVTIGDNGT-CLLASMALOLNITYM-~KKDNTTVTRAFNINPSDK~YSGTCGAQLVTL 267
SEQIDNO: 15 VGEKYNVTGANGT - CVLASMGLOLNITYV-KKDE HNTSASGMCESTSAFL 273
SEQIDNO: 16 VISRYNVSGANGT-CLLASMGLOLNVTYR-TRKDNTTV 'PMKTTngwCu“QLV L 272
SEQIDNO: 17 IFRYNVSDANGT-CLLASMGLOLNITYA-KEKDNSSARIIWNINPNKTVAGGSCSPQVA 282
SEQIDNO:18 VERKYNVTGANGT-CVLASMGLOLNITYL-KKDGKTGLDLLNEVPHNT d .QA”L 274
SEQIDNO: 1% VGKYNVTGPNGT-CVLAYMGLOLNITYQ-QKDERMGLDLINEVPHNTTSSGRCDNTSALL 274
SEQIDNO: 20 IGRYNVIGLHGI-CLLATMGLOVNVTYS-TENKTSKSELLNLPP-TAEVSGTCENSSITL 277
SEQIDNO: 21 CGSYSVENASGTVCIMARMGVOLNVSYFSOSONKTVOELLNLTPNLTSSSGLCGETNATL 278
SEQIDNO: 22 RE DTTCLLAOMGLOLNVSYFSRSONRTVOSLYVNLTPNLTNSTGSCEKGEATL 281
SEQIDNO:23 QGSYSVENSNGTVCLLARMALOLNI SHFSASQNKTIQEVVNLLEPNQTTSSGSCDPTSATL 279
SEQIDNO:24 RGYYNVINHNGTICLMAYMGLOLNISYNSTSOKKVVODVMNLOPNLTKHSGLCDSDIASL 106
* Fo ek s ekaka s . * & *

LAMP HOMOLOGY DOMAIN 2

SEQIDNO: L 334
SEQIDNO: 6 323
SEQIDNO: 7 RLSD--E TTWLTEb”TVWKTTQKX*J,AJQVQAANP DW(—”VEE R 328
SEQIDNO: 8 SLST-GS-IDLREFNEFTLNSSLE FVUDGVOIJTFUPADAhPrBFFﬁAhCQLRYVL NVHK 335
SEQIDNO: 3 ELHS“FFSTVLLFnFFN“AobSRFFMQGTQﬂbTTMP -DARDPAFKAANGSLRALQATVGN 334
SEQIDNO: L - ' SSSRFFLQGIQLNTTLP-DARDPAFKAANSSLRALQATVGN 333
SEQIDNO: 11 ASTSnFFLQGIQLNMTLPWDARleFKAGINSLAAHQATLGV 330
SEQIDNO: I h.“G S GOYFLOGVLLNTTLP-DA RALOQATIC 1\4 335
SEQIDNO: LG L VMNESSSRVEFLOGVQLNLTLP-DAK ] i T 326
SEQIDNO: 14 V”FN"V-.RVL.LQWCMFKT§SLFFJ\GVQMRMT P- DATE“TFOTSNYSﬂ{ALQA\VV 324
SEQIDNO: 15 NLAF-EK-TKITFHEVLNASSEKFFLOGY SMSESRATVGEN 331
SEQIDNO: 16 ELQG-ES LRJLALQth]MSSSAVE‘QbVQuhMTJP DARD“SESAANSuuRAuQAThGN 330
SEQIDNO: 17 ELOT-EN-STLAFSEFGMNATTSKEFLRETRFHKEFEFP-DAKDPAFGAVNSS QATVGN 335
SEQIDNO: 18 NLAF-EXK-TKITFHFVLNASSEKFFLQGVNVSTTLPSEAKAPMFEASNDSMSELRATVGN 332
SEQIDNO: 1S NLTF-EX-TRVIFQFALNATAEKFFLOGVSVSTTLPSEAKNPKFEATNNSMIELRASVGN 332
SEQIDNO:2C NLT3-ES~-TSLASFQFSONTITEKYFLOGLIVIANLPPEATERKNISYSNHTLNALKTSVGK 335
SEQIDND: 21 VIAQ-EETTVLSFLETVYNSTSNKYHLSGITLOANWT ~-DMM-SPFSASNTSLDYLRSSLGH 335
SEQIDNO: 22 ILTO-Q-TTILIFTFSLNSTSSKYHLSGLSLOANWS -DMA-AAFSASNASLSYLRSTFGH 337
SEQIDNO:Z3 VLTQO-ANATNLSFLFTINSTSNRYHLTGLSVVAAWS~DMT-APFNTSNSSLDYQRGSLGR 339

CVTVSAAWP-E 164

SEQIDNO: 24 NLTVDAVETNLTEVETMNSTSNKYHL K-EPVSVHNSSLDYLRGTVGY

* * . * - - *
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LAMP HOMCOLOGY DOMAIN 2 Trans. Domain

SEQIDNO:

<1 ke
w1
-

SEQIDNO: KCNTEEHIFVSEMLSLNVESVOVOAFRKVDSDREGSVEER C\/‘QT‘GNI\H\’IT IPIAVGGALAG
SEQIDNO: SYVCSAQOMLSVTPVESINTFRLOLOPEFNITANRFSETAEECRVDQENMLIPIIVGAATAG
SEQIDNO: 8 SEFKCNSKQTLOQITDRFTVNTYHLOVQAFNSD-NTE Z‘ SAV. LJL,QT;AJF’\TL;MA.\/““WGAA LAG
SEQIDNO: 9 SYRCNAREHVRVTKAFSVNIFRVWVOAFKVEGGOFGSVEECVLDENNMLI PIAVGGALAG
SEQIDNO: 10 SYKCNAEEHVRVTKAFSVNIFRKVWVQAFKVEGGQOE 'GS VEECLLDENNMLIPIAVGGALAG
SEQIDNO: 11 SYRCNAGEHVOVTEAFSVNI TRKVWVQAFOVQGDREGSVEECQLDENSMLI PIAVEGALAG
SEQIDNO: 12 SYRCNSEEHVRVTPAFSLSIFRKVWVQAFOVKGDREGSVEECLLDODSMLI PIAVEGALAG
SEQIDNO: 13 SY AEQRLEVTSSFSINMFRVWLOQAFRVDGDKEFGPVEECQLDENSMLIPIAVGGALAG
SEQIDNO: 14 SYKCNSEEHIFVSKALALNVESVOVQOAFRVESDREGSVEECVODGNNMLI PIAVGGALAG
SEQIDNO: 15 SYKCSAEENFOVTDKALVNVENVOVOAFRVDGDKEGAMEECQLDENNML I PTITIVGAATLAG
SEQIDNO: 16 SYKCRSEQRLOVTEAFAILNVEQVRVQAFRVDGDKFGPAEECQLDENSMLIPIAVGGATLAG
SEQIDNO: 17 SYKCNARENVHVTDGEFSVNIFRVRVOAFKVEGDKEFGSVEECLLDENNMLI PIAVGGALAG
SEQIDNO: 18 SYKCSARENLOQVTDEKALVNVENVOVOAFKVDGDRKEFGAVEECQLDENNMLIPIIVGAALAG
SEQIDNO: 19 SYKCSSEENT .OVTTVV&L‘ INVENVOVOIFKIDGDRFGPVEECQLDENNMLIPIIVGAALAG
SEQIDNO: 20 SYRCIAEESIWISGKAAVNIFNIQLOAFKIPGDE AVEECQLDENNMLIPI] VuAhi' e
SEQIDNO: 21 SYMCNAEQTLEVVSTESINMFELOVOPEFGVTSTQFASAEVCQIDODOMLIPIIVEGAALAG
SEQIDNO: 22 R ICNAEQTTFT\’TDVF INTFSLOIQPFGVITNQFAAARECOMDCDOMLIPIIVGASLAG
FOT LV

.!

SEQIDNO:.
SEQIDNO:

DCDNMLIPIVVGAATAG
QLDEDDMLIPIVVGAALAG

* o Ak akk Kok . kAKX

N
RGN

YMCISEQTLVVDONES uNTFQLQ\’Q”FGJ TRGOFAQAEE
FC RDEQTINVAQNLSINTEFQLOVOFPFAVKGDOFGAARE

s kK *

[N
* \./) IJ} [9)

x—(")

Cytoplasmic Tail

SEQIDNO: 1 GRERSHAGYQT'Y 417
SEQIDNO: & YLIGRKRSHAGYQTT 206
SEQIDNO: 7 "’L_[\/n” AYLIGRKRTHAGYQTT 411
SEQIDNO: 8 LVLIVLIAYLIGRKRSHAGYCT 417
SEQIDNO: 3 LVLIV f_.IA'.’LVGRKR3F{?\GYCT.L 417
SEQIDNO: 10 LVLIVLIAYLVGRERSHAGYQT 415
1

J
e

SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:

IGRERSHAGYQTX

l\/Ll\fl TA /‘u\:/
R IG

LVLVVL
VLIV IJ-[JJz\X
IVLIVL
LVLIVL
LVLVVLMAY

[

N
»_-1 I’_“

,'P
<
C e
R

(=N

[N NG N
P
s

RERSHAGYQT-

[

t-«

Qoo
o o
SR

o
OO
3O - W

i
8

ycl
[
i

&)

W

sRY {.,.AAGY
sRKRS F{f“\

_J>
9 C“
f) zO @] IO ‘O
R e e R B
-4 [ S S i S

[ I N T S S O Sy S T U O s
Sy

SEQIDNO: 17 L ‘WJ\/L.J—‘"YI 422
SEQIDNO:18 LVLIVLIAYLI CRKRu% JTT 415
SEQIDNO: 19 LVLIVLIAYLI GRKR:%{T\GYQLI 415
SEQIDNO: 20 LVLIVLIAYLIGRRRSHAGYQTT 418
SEQIDNO:21 LVLIVLIAYLIGRERSHAGYQT T 418

(]

(=N

N
o3
B

SEQIDNO
SEQIDNO:
SEQIDNO:

T
1 I
LVLIVLIAYLIG
LVLIVLIAYLI
LVVIV. 'JIJ YLI
o+

Fk oo sk ok e KKk

N
w
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3 L
-
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N
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LAMP-1
Accession No. Species Si%iD Accession No. Species SEQ 1D NG
NPF_005552.3 H. sapiens 1 NP_990814.1 G. gallus 15
NP_034814.2 M. musculus 8 NP_001011507.1 | S. scrofa 16
NPF_955996.1 D. rerio 7 XP_001374132.1 | M. domestica 17
NP_001087042.1 | X laevis 8 AP_003203252.1 | M. gallopavo 18
NF_001233491.1 | P. troglodytes 9 XP_002191607.2 | T. gutiate 19
AP_001087801.1 | M. mulatta 10 AP_003218797.1 | A carolinensis 20
XP_534193.2 C. lupus familiaris 11 XP_004087118.1 | O. fatipes 21
KP_002723508.1 | O. cuniculus 12 KP_003969941.1 | 7. rubripes 22
NP_001068592.1 | B. tawrus 13 NP_001158848.1 | S. salar 23
NP_036989.1 R. novegicus 14 KP_003452974.1 | Q. niloticus 24
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FIGURE 4: HUMAN LAMP-2 ALIGNMENT WITH ORTHOLOGOUS SEQUENCES

SEQIDNO: 2

SEQIDNO: 25
SEQIDNO: 26
SEQIDNO: 27
SEQIDNO:28
SEQIDNO: 29
SEQIDNOQ: 30
SEQIDNO: 31
SEQIDNGC: 22
SEQIDNO: 33
SEQIDNO: 34
SEQIDNO: 35
SEQIDNO: 36
SEQIDNO: 37
SEQIDNO: 38
SEQIDNO: 39
SEQIDNO: 40
SEQIDNO:41
SEQIDNO:42
SEQIDNO:43
SEQIDNO: Z

SEQIDNO:25
SEQIDNO: 26
SEQIDNO:27
SEQIDNO: 28
SEQIDNO: 2%
SEQIDNO: 30
SEQIDNO: 31
SEQIDNC: 32
SEQIDNO: 33
SEQIDNO: 34
SEQIDNO: 35
SEQIDNO: 3¢
SEQIDNG: 37
SEQIDNO: 38
SEQIDNO: 39
SEQIDNO: 40
SEQIDNO:41
SEQIDNO:42
SEQIDNO:43
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SEQIDNO
SEQIDNO
SEQIDNO

SEQIDNO:

SEQIDNO

SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNC:
SEQIDNO:;
SEQIDNO:
SEQIDNO:
SEQIDNO: ;
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:

SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNG
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO: 3
SEQIDNO:
SEQIDNO:
SEQIDNO:;
SEQIDNO:
SEQIDNO:
SEQIDNO: 4
SEQIDNO:

125
126

~ 7
Py

128
30
31

32

W s s 0w W W W W W
N == S0 @~ G W

4

w

w W W
SN R O

W W
I V]

w w W W
< ~1 o

[T N = §3]
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_________________________________________________________ -M
-~MGDT
———————————————————————————————————————————————————————— MVCF
-~MVCF
~MVCF
———————————————————————————————————————————————————————— MVCE
———————————————————————————————————————————————————————— MVCF
-~MVCF

- MVCF

SIGNAL SEQUENCE

LAMP HOMOLOGY DOMAIN 1
1

-CL- SPVKGARLILIFPLFLGAVO-~-SNALIVNLTDS~-KGTCLYAEWEMNETITYETT
GAM--ERCACPAAVILLSLVL---MG--ATAFEVEIKDDEKNATCIYAKLSVNITVOYETD
———————— MAVRGFLPLLFILLSGIVHADDMMTSPLPS——-—---——————————-TAELK
=~RL-==-FPVEGSGLVLVCLVLGAVQ ELNLTDSGRATCLYAKWOMNEFTVRYETT
~RL——--FPVPGSCLVLVCLVLGAVQ LTDSGRATCLYAKWOMNEFTVRYETT
-RL-——-FPVPGSGLVLVCLVLGAVR--SHAL EADSAIN-—f7—————"————————

—RL-——-SPAFGSGLVLLCLVLGAVS-—SYALEVNVTDSEKATCLYAKWOMNEFT IOYNTT
~RL~---5PVPGSGLVLLCLVLGAVS -~ SYALELNLTDSERALCLYAKWOMNET I FYETT
~RL-~-—--APVPGSGFLLLCLVLGAVS--SYALELNLTDSS CLYRAKWOMNETIRYETT

—RL-———-SPVPGSGLLMLCLVLGAVS——SYALELNLTNSERATCLYAKWOMNEFTIRYETT
~RL~---APVPGCGrLLFCLVLGTVS -~ SYALELNLTDS SKATCLYAKWOMNEFTIRYETT

=~ LL----SPVTGSKLVLLELEFLGAVR--SDALKINLTDS ~KGTCLYAEWEMNETITYEAL
IELAEIMLSTETCLLEPTRVCCGICOQ-—-SYALEINLTDSKNATCLY SKWOMT FTINYETT
--MAPPRCPAGLALLLLLLGACGFFQ--SYAVEVDVKDASNEFTCLYAQWMMKE YETN
LLLRFPP—-PAA-——— ARFLGFEQ--SYAVEVDIKDASN: YADWN YESN
~—M--ERCACPAALLLLSLVL--—-M DDENATCIYAKI

———————— MF-RCAFLILFLALGNELELSHGTEVSVNNTENKLCLYANIMVNESVIYEVGE
————— MRVSHATAGLVVWEVVLGCIDAVT ———-L-EVKESNTTCIKADL
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SEQIDNO:Z
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO: 3
SEQIDNO:
SEQIDNC:
SEQIDNO:;
SEQIDNO:
SEQIDNO:
SEQIDNO: ;
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:

SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNOC:3
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:;
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO: 4
SEQIDNO:

25
26

~ 7
Py

w
et
N

da s o W
= OO @

42
43
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W w W w Mo
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w
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LAME HOMOLOGY DOMAIN 1

NK IAVP ki 'O x R SHY
TSSSENITEFPVP-- SDVITNGSSCGSDGHKAPLLVINEFGNSQS~WSINEFTRNN - STYSG
—==T=———-ANLP--LVIQTTSSTTSTTTT-SRP——SSTSTHSTLTTEPAA——————————
NETYRKTVTISDR--GTVTYNGSICGDDONGPKIAVOFGRPGES-WIANFSKAA——--STYST
NKTYKTVTISDR--GTVITYNGSICGDDONGPKIAVOFGEGEFS-~WIANFSKAA-~-3TYST
CSKCRIVITISDH--GTVIYNGSICGDDONGPRKIAVOFGPGEFS-WIANFTKAA-~-~-STYST
SENFKTATISDE--STATYNGSVCGNDONNPRKIVVOEFGSGES-WIVNETREE-—-5AYLT
SKSYKTVTISNEF-—-GTPTYNGSICGDNONGSRIAVOFGSGEFS-WIVNFTKSV---5VYS5T

DKHENKTVPISDL--GAATYNGSFCGDDONGPRIAVOFGSGES-WIVNETKEAASPSTYLYV
NNSHKTVEISDE--GAATYNGSFCGDDHNDPQIVMOFGIGES-WIVNFARES—--33YLI
DKENKTVTISDF--DAAAYNGSVCGDDONGPRKIAVOFGSCEFS-WIVNETKEASSTSTYLY
K-VNETVTITVP--DRKVITYNGSSCGDDENGARIMIQYGSTLS-WAVNETKEA---SQYFT
GNETKNVIVIVP--ENVTYDGSSCGDNQTVEQIAVOFGLGY S~WHLNEFTKKEN--NSYSE
SSDYRKNASLDLT--STVIHENGSICGSDTQAALLAVOFGDGHS -WS INFTKNN-——ETYRA

SGDYKTTTLNLS-—-SSVTHNGIVC
TSSTRNVTESVP-—-SEVITNGSSCGENGRAPILVINFGNGHS-WSLNFTRND~—-SMY 3G
VNENETVIFVLE--ENVITEGSTCDNTTSTLRL -~ SFPGHGHS -WIVEEFTKEN-~--KTYQV

HAER-TVOVLLPNSTTVDTANSTCGREDGSSPRLVAVEGSGY-TLGLNESTNG

GNDTQAALVAVOFGEGHS -WSINITRNN-~-ETYQG

LAMP HOMOLOGY DOMAIN 1

K LTPVVORKYWG
SALIFTYNTNDTILFPDALRKGLIS-STAMPLGPVPLNSTYRKCISREVVVIENVTQIIYD

KTTTARTTVTTSA~~~PTSTQSTSSSSTSATVITLAF
DSISFSYNTGDNTT EDKGI~ITVDELLATKIPLNDLFRCNSLSTLERNDVVON YWD
DSTSFSYNTGDNTTFPDAEDKGI-TTVDELLATKT PLNDLFRCNSLITLEKNDVVONYWD
DSISFSYNTGDNTTFPDAEDKGI-LTVDELLATIKI PLNDLFRCNSLSTLEKNDVVOHYWD

DESISEFSYNLSDNATFPDAKERGI-LIVHDLVGFRIPLNNIFRCNSLETLERKNGVVQYYWD
DSISFSYNTGDNTTEFPDAKDRGI-LTVNESVAFPKIPLNDIFRCNSLSSLVKNGVVONYWD
DTISFSYNTNDNKTEPDAKEKEV-FTVNNRVALKIPLNDIFRCNSLSTLENRDVVOHYWD
NSISESYNTSDTTTEFPDAKKKGY-LTVNDSVGEFQVPLNDIFRCNSLSTLEKDNVVQHYWD
DSISFSYNTNDNATEFPDAKERGY-FIVNNRVALKIPLNDIFRCNSLSTLEKSDVVOHYWD

NNITLSYNTNDTKTEFPGAVPKGE VITPVGEEQLPLGVIFKCSSVLTENLSPVVOHYWG

DTIVEFTYNTSDN KGQ KIFRCHSEESLIGDKATHHYWE
TETYNTNDTA JVPPAQAQVDVT VVEDAMHPT NVEVCHI NVTOITEWN

DL;TLTYNTNDTAVFPDAKRKCUlTVL“FDPSRDIOTV’”EVCJNSVVIEHQNTWQIFWN
GALTFTYNTNDETLFPDALKEGLIS-STAAFLGPI] STYKCISSEVVVSENVTQILISD
DTIVESYNLNDSSVEPNSTSKETKEVIVKSIITNVSVDTYYSCKSENVLTVESVIQTLYD
SELTLOYNLSDTSVERPNATISGVVTLVSASVGIEANVNTTYRKCASPTVIDVATAKVNETD

-~MTQIGGVQPVELA
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LAMP HOMOLOGY DOMAIN 1 Hinge Region

1S

SEQIDNO: LS TVAP TTHT T VRS e PTTTPT-~PEKERKPE 219
SEQIDNO: 25 THLOAFVONGTVIKNEQVCE QTP--TTVAPIIHTTAFSTTTTLTPTSTPTPTPTPTE 224
SEQIDNO:Z6 VKLEAFMANGTLGE-ETICDADKPS--PVESPTOPET————— TASTATPAPTSKPLDKP?

SEQIDNO:27 TTTGHNTTNSTTEPPTTTGHNTTNS~~TTDAPTTTHTNAT--~--VAPTPPPTTEPSVPKET 161

SEQIDNO:28 VLVOAFVONGTVSTNEFLCDEDKT S - TVAPTIHTTVES-—=——-FTTTPT~~ PKEKPE 219
SEQIDNO: 29 JLVQAWVPVGTVSMQ”F*“TEDKT“""“TVAETLHTTVQ>“""“~-QTTTWW- -PRKEKPE 219
SEQIDNO: 30 VLVOAFVONGTVSTNEFLCDKDKT S ——-TVAPTVHTTVPS —————- PTTTPT--RIP~-—-- 188
SEQIDNO: 31 VHVOAFVONGTVSTREFLCEKDRT S —-TTVVEFTISTTTES—————— PITTPT--PKEKPE 220
SEQIDNG: 32 VHVQAFVONGTVSTINEYLCERKDNTT~-~-TTVARPIVPTTVPSPTTTSSPTTTPS~-~PKEKPD 226
SEQIDNO: 23 VHVOAFVONGTIVSTTEFLCDKDKTV-~TTAVPIVPTTLP S~ === PP - - KPPV 216
SEQIDNO: 34 VHVOAFVONGTVSTREFLCDKDKTL--TTTVPVIPTSVES—————— PTTTPT--PKEKPE 220
SEQIDNO: 35 “HVOATVQWCTJS;; 21

s)

FLCDKDKTV--TTAMPIVETTAPS—————~ Pl KEV
VCKEDKTA--TTVAPTIHTTVESEPTTTLTETST -

o5

SEQIDNO:

w
O

G THLOAFVONGTVSKHE ~PVPTPT 22
SEQIDNO: 37 Tvathorer's SKDRAS -~ TTVAPYVTTQVVPS = = - =~ ==~ TTAT PVPQDKPY

A s
3

1-1 <.r %3 T
o =5

SEQIDNO:
SEQIDNO
SEQIDNO: 4

&)
[se)

SYADTPTAAPTVLPTVANVTTAS—TTT3PAPTTAPKPAENPY
PADTPTSEPTVEPTIANVTTASTTTLS PAPTTAPKPVENPVY
; T DADKPS-~PTPT-TNPST -TASTTTPTPTSKPLDNPT
SEQIDNO: QAFVINGSKSDTDTVCSADMT S~ TTVAPT T~~~ =TV =T STAAPTSTPTLPTRT
SEQIDNO: 42 2 ETVCFADQTS--TTPSPTTVSTTAV-———PTQT-——-P-—PGTPQ
SEQTDNO: 43 VTVHLI L= = === =ATV-~LHQTF -~ AT~~~VTPPVITA~~ - ~VPHK~~~~E~~PGRED
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Hinge LAMP HOMOLOGY DOMAIN 2

SEQIDNO:Z AGTYSVNNG -} 271
SEQIDNO: 25 VGNYSIRNG--NTTCLL : TGSC AQ 276
SEQIDNO:Z6 MGF\TV?UA——SCICLLA&MGLQINT&LL— SEGKNIWRPENIDPLGIKTNGTCTNQTGT 278
SEQIDNO:27 VENYSVKTD-NVSDCLLAKMGLOFSFRIS -~ ~GNASLOTVNLDENVTKVNGTCGSGESD 216
SEQIDNG:28 AGTYSVNNG--NDTCLLATMGLOLNITO- -~ —-DKVASVININPNTTHSTGSCRSHTA 271
SEQIDND:2% AGTYSVNNG--NETCLLATMGLOLNITO-————— DRVASVININPNTTHSTGECRSHTAL 271
SEQIDNO:30 @ ——— o e e PEXVASVININPNTTHSTGSCRSHTAL 224
SEQIDNO: 31 VE3YSVNNS~~NGTCLLATMGLQLNITH- -~ ~~-NKVASVININPNTTDFTGSCQPQTAL 272
SEQIDNGC: 32 VGESYLVENG--SDTCLLATMGLOLNVTH /ASVININPNVIGYSGSCHPOTAL 278
SEQIDNO: 33 VGSYSVVNS--NGTCLLATMGLOLNITH- -~~~ DEVASVENINPNTTNATGSCOPQTAL 268
SEQIDNO: 34 TGEYSVISS-——-NGTCLLANMGLOLNITO-—————— DRVASVININPNTTNATGNCHSKTAL 272
SEQIDNO: 35 VG3SYSVVNS - ~-NGTCLLATMGLOLNITH-~~-—-DEVASVFNINPNTTNATGSCOPOTAL 268
SEQIDNO: 36 VGNYTISNG--NATCLLATMGLOLNITE--—-——~ ERVPFIFNINPATTNETGSCOPQTAYQ 272
SEQIDNO:3 PGRYAVENG—-NDTCLLATMGLQLNVTO—————~ NKVNSVININPNVTDETGSCSNETAE 431

0

[N
oL

7
SEQIDNO: 38 TGNYSLKTG--NKTCLLATVGLOLNISQ-————-DK-PLLINIDFKTTHADGTCGNTSAT 8
SEQIDNO: 29 TGNYSLKSG--NKTCFLATVGLOLNVSO~—-~~-~EXK-PLLININPKTTVADGACGNTTAT 410
SEQIDNO:40 TENYSVSDV--NGTCLLASMGLQINTSLL-—-SEGKNIWTAFNIDPTAMSKNGTCSNQTGET 271
SEQIDNO:41 TGKYSIAPDVNSTACLIMATFGLOIGYKQG--~-D-—KEETINLVEPNITEVGGACGANS S~ 266
SEQIDNO: 42 CENYTVEDA-NDTICLLAKMGLOLNVIYT~-SONKTVQDVLNLNPNVTNSTGSCGASSAT 270
SEQIDNO:43 OGLYQVTSS-NGTVCEFLASMGLOLNITENSTSONKTLOQEVINIQPNRTKSSGSCDTSSA] 167

koo ok E
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LAMP HOMOLOGY DOMAIN 2

SEQIDNO: 2

W W
Ny O
o)

SEQIDNO: 25 LNN-SQIRKYLDFIFAVKNE T -] A-FNISNKNLS B

SEQIDNO: 26 LILTE--NRTIIEFTFALKNK-—-—--NHEYLEEVNITLY NGSAFSSRONONLSTWEAS 329
SEQIDNO:27 SSLFLTS—-—-KDITVHFVETNDS - ——-QKFRLHALTLTVD-LGNG-NIFNDSNTNLSLWEAS 269
SEQIDNO:28 LRLNS-STIKYLDEFVFAVKNE--~-NRFYLKEVNVSMY-LVNGSV-F3TANNNLSYWDAP 324
SEQIDNO: 29 LRINS-STIKYLDEVFAVENE-~~—~NRFYLREVNVEMY-LVNGSV-ESIANNNLSYWDAP 324
SEQIDNO: 30 LRLNS-STIKYLDEFVFAVENE--—--NRFYLKEVNISMY-LVNGSV-FSIANNNLSYWDAY? 277

SEQIDNO: 31 LRLNS-SNIKYLDEVFAVRENE-~-—--NREYLEKEVNVSMY-LVNGSV-FSIANNNLSYWDAP 325
SEQIDNC: 32 LRINS-SNIKYLDEVEFAVENE~—--NRFYLKEVNVSMY-LANGSV-FSFANNNLSYWDAF 33

SEQIDNO: 23 LRLSS-SNIRYLDFVFAVENE----NRFYLKEVNVSMI-LVNGSV-YSISNTNLSYWDAP 321
SEQIDNO: 34 LRLEG-SNIKYLDFVFAVEND--—-NRFYLEEVNVEVY-LVNGSV-FSIANNNLSYWDAP 325

w W
o
W G
"
]
—

SEQIDNO: 3! LRLSS-SNIKYLDEVEAVENE-—-—--NERFYLKEVNVSMI-LVNGSV-YSISNTNLSYWDAF 1
SEQIDNO: 36 LRLNN-SQIKYLDEFIFAVKNE-~ -~ KREYLKEVNVNMY - LANGSA-FHVSNNNLSFWDAP 325
SEQIDNO: 37 LRLEG-SNVKYIDFIFAVKNG-~—~NRFYLREVNVEIS-FVNASD-LNVANNNLSYWDAP 484
SEQIDNO: 38 LELND-GNRTLIDETFIV-NASASVOKEFYLREVNVTLINYONGSVILSADNNNLSKWDAS 338
SEQIDNO:38 LKLND-GNSTLIGETFAVKNTS ASVLKFYuP“vJVTJuhwhluuVTKSAEIb*I SKWDAE 469
SEQIDNO:40 LILTD--NSTVIEFTLALENK- - -NHFYLKEVNVALTL NG3ASSTRONONLSAWEAS 322
SEQIDNO: 41 ~DLILTS~-~DIITIMFTESNDG--~-KKFHLHALRVIVK-PATG-DPVIAVNNNMSIWAAA 318
SEQIDNO: 42 LVLTO-TQSTILTEFNFTLNSTT-—-NKYHLSGVTLIAN-WFDS-AHFSMSNNSLNYLRST 324
SEQIDNO:43 LTLTTDAEKTNLTEVEFALNTTS -~~~ NEYHLSEVSLSAA-LSDMEKETFVAQNHSLDYLRGT 163

o a . o o a * © ° o

LAMP HOMOLOGY DOMAIN 2 Trans. Domain

SEQIDNO: 2 383
SEQIDNO: 25 LGSSYMCNREQVLSVERAFQINTENLEVOPEFNVTEGOYSTAQECSLDDD-T 388
SEQIDNO:Z6 VDESYMCHKEQQIKVIEDLFINAFDVRVOPFGVNNGTFATAEDCEFAD-Q-NFIVPIVVGEA 387
SEQIDNO: 27 VGSSYMCREKEQSYNISDKLTLNTFELOVGPEFDVKENSFSTAHECSLDDT-SLLIPIIVGA 328
SEQIDNO: 28 LGSSYMCNKEQTVSVS LA-‘LW”FDJRV“DWNVTQb\IQTAEZCSADSDFNHLLMJA’CV 364
SEQIDNO: 29 LGSEYMCNKEQTVSVSGAFQINTFDLRVOPEFNVTQGKYSTAQDCSADD-DNELVEIAVGA 3
SEQIDNO: 30 LGSSYMCNRKEQTVSVSGAFQINTEFDLRVGPENVTQGRYSTAEECSADSDLNFLIPVAVGY 37
SEQIDNO: 31 LESSYMCNKEQTVSVIGAFQINTFDLRVOPENVMEGKY STAQECSLDDD-TILIPIIVGA 384
SEQIDNG: 32 LGSSYMCNKEQTVSVSCGEFQINTEFDLRVOPENVKDGKYSTAQDCRADD-DNFLVPIAVGA 390
SEQIDNO: 33 LGESSYMONKEQTVSVEGAFQINTEFDLRVOPFSVTEGKYSTAQECSLDDD-TILIPITIVEGA 380
SEQIDNO: 34 LGSSYMCNRKEQTVISVIGAFQINTEFNLRVOPFSVMEGKYSTAQDCSADD-DNFIVPIAVGA 384
SEQIDNO: 35 LGSSYMCNKEQTVSVSCGALOINTEFDLRVOPESVTEGKYSTAERCSADSDLNFLIPVAYVGY 381
SEQIDNCO: 36 LESSYMONKEQVVSVERTFQINTENLEKVOPFNVTRKGEYSTAQDCSADED-NFLVPIAVEGA 384
SEQIDNO: 37 LG&SYMCRKTQT'HLAEQL”TWﬂFWMRV““ﬁQVVAGKYSTAEDCS?DDD NFIVPIAVGA 543
SEQIDNO: 38 LGNSYMCREKEQTLEINENLOVHTENLWYOPFLVKENKESIARECFADSDLNFLIPVAVGM 3298
SEQIDNO: 39 LESSYMCREKEQTLOINENVOVHTENLWIQPFLVEANKFATAEREECIADSDINFLIPIAVEY 5295
SEQIDNO:40 VESSYMCHKEQQIKVSEDLVINSFDVRVOLEGVKNETFATACQCSLDDD-8IVIPIVVGA 381
SEQIDNO: 41 VGESSYMCNKEQTINVTDTLTLYTFELRVGPFEVNKGEFATAHECSLDDT-SILIPIIVGA 377
SEQIDNO: 42 LEYSYMCNAEQTLEVTESEFSLNTFDLOVOPEFGVKSGRIFATARERCOMDON-QMITIPIIVGA 383
SEQIDNO:43 LGFRESYMCRERQTLEVIPDFAINTEFOVOVQOPEGVTGRKQFAAARRCQLDKD-DMLIPIIVGA 222
Akoxk L : S T HE O A
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SEQIDNO: Z

SEQIDNO:25
SEQIDNO: 26
SEQIDNO:27
SEQIDNO: 28
SEQIDNO: Z
SEQIDNO:3
SEQIDNO: 31
SEQIDNC: 32
SEQIDNO: 33

SEQIDNOC: 24
SEQIDNO: 35
SEQIDNO: 36
SEQIDNO: 37
SEQIDNO: 38
SEQIDNO: 39
SEQIDNO: 40
SEQIDNO:41

SEQIDNG: 42
SEQIDNO:43

Page 15 of 42

Cytoplasmic Tail

LEKBHHE-AGYEQE 410

[GRRRTY-AGYQTL 415

RRKQ§SAGYEQM 415

’ 1 355

411

A i 410
AL VVETSYMIGRRKER- m”VQqV 364
I i IGRRESY-AGYQTL 411
ALAGVLILVLLAYPIGLKRHH-AGYEQE 417
GLAGLILIVIVIAYLIGRRKSY-AGYQTL 407
ALAGVLILVLLAYPIGLKRHEH-AGYEQE 411
ALGFLIIVVEISYMIGRRKER-TGYQSY 408
ALGGVLILVLLAYFIGLERHH-TGYEQF 411
ALGGLVILVIMAYEVGRKRRA-TGYREQE 570
ALGFLITILVEISYIIGRRKSR-TGYQSY 425
ALGFLITLVED IGRRESR-TGYQSV 556
ALAGLIVIIVIAYLIGRRKGY-SGYQTL 408
ALAGLILIVVIAYVIGRRETY-VGYQTL 404
ALAGLVLITLIAYLIGKRRSH-AGYQAT 410
ALAALVLIVLSAYLIGRKRSH-AGYQST 249

PCT/US2018/028753

* T *o
LAMP-2
Accession No. Species SEQ ID NO: | Accession No. Species SEQ ID NO:
NP_002285.1 H. sapiens 2 NP_001231184.1 8. scrofa 34
NP_034815.2 M. musculus 25 XP_004022401.1 0. aries 35
NP_001087881.1 X. loevis 26 NP_058764.2 R. norvegicus 36
NP_001013551.1 D. rerio 27 XP_001510101.2 O. anatinus 37
KP_003818270.1 P. Anubis 28 NP 0010017481 G. gallus 38
XP_003518270.1 M. mulatta 29 xP_002181794.1 T. guttata 39
XP_003317709.1 P, troglodytes 30 NP 001116192.2 X. tropicolis 40
XP_005641822.1 C. lupus fomiliaris 31 NP 0011332821 S. salar 41
KP_001483687.3 E. caballus 32 RP_003445830.1 0. nifoticus 42
NP_001029742.1 B. Taurus 33 xP_003561835.1 T. rubripes 43
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154
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SEQIDNC:
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HUMAN LAMP-3 ALIGNMENT WITH ORTHOLOGOUS SEQUENCES

SIGNAL SEQUENCE LAaMP HOMOLOGY DOMAIN 1

QLSAARALFASLAV
IPROLSARAVLFASLAVI I“ _______
MPRQ SM z’\'v'L mu I A

MAWQLSAVVVLEVSLAVILYY
MEWQTPAVVMSEMALVAIWYY

MSWOISAVVLEFVSLAVIW

GCSHVRANVFPEITE
'GYSSPTTG-~~CQATVKPSLLOP
TEYSSPTTG-~~QATVKPSLLOP

NDGOTQAVA”L—"LAV“Lq———— PEARGYLOQYTATTTEQITAKPPL-PL
ILH-———— é? X PRARGYLQYTATSAEQITTKPLL-QL

W“Gy]— SAVAVLI

O TE TTTEATTRKNTATTSPITY
lGHITFQmAATIKTP"""wmmmm""wmmmTTDVTTKNTPTm°PTTY
ANQAPHOTLAA IGHITEQTAATIKTP-—-————- ~TTTPVTTRNTPTTSPIIY
TNOVPSQTLAAR VGHIASQRAATTSSSEPPTTHTTVKTLVITSLYVTANSTPSSSPIIY
TNEHTPHRKTLAAKSTDGHVISCIATTVIDSETLTTHTTITTLAATSLAATNSTPSTSPTTH
TNOQVPHKTLATRSMDGOVT SQTAATTVNPET PVTHTTIKTAAATSIVTTNSTLSTSPITN
TNYVPHKTAAARSTDGHVISQTVAKTSSSETLTTNTTIDV [SEPVTTKSTLETTPTTH
TVPVTCNTAAA«uTJbiVJQQMVAYZSSDEMLTTWTTTWVLVLT“7“TTQS "LPTTPTTH
TNOTSHATLASRSKDDYIQTAAETS—-TFE-——-—-DTAHITMKTAY PVTTKSLLPISSTSY
INQRSHI JQFRDDYTQMAA“ SASY
e - - LLLY

AN APH“TJAARL

o

5——ATlE-——-NTAHITMKTVTEVTTKSLPP]
~MDRVSLLSTI

LAMP HOMOLOGY DOMAIN 1

QATPNY TAPPV SLVP
TMVTMMWMM""“TQATSNNSHTAPPLﬁFVTVFP)MK

TLVT === = =TQATSNNSHTAPPLTKVIVGPSLAPY mTPPAH;TG
TVl ===~ TIVTPNNENTAAPVTEATIGPSAD —“PL“H“TRW'

TLET ===~ TLATPNTEHMAAPVTEAATSPSA

TLLT-

TLVT—--==--——TLATF} ~f’L“VGPS PPVTV-

TV —==mmm—— TLATPS AGLST bk PPVTI——NPAAHpTUWKPSEA
TEV-—mmmm RTNNSHMTASS T PEPTTRASLAAY
TPV RSNNAIMTP““T“ETTGS”“TAUL ————————— PVETTRASLAIV
GLLYINDAYSENTEFAQPSNTTTPAPNTTTTHVISNTTTLARP-~-~-———==-=—-———=NTTT
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LAMP HOMOLOGY DOMAIN 1

SEQIDNG: 3 209

SEQTIDNO: 44 : P "TAABMHNTTRTARPAS 209
SEQTDNO:45 NHTTGNA TQBSP\QTTT p; Tr{r\tGTMw HNTTRTAAPAS 209
SEQTDNO: 46 NHT rc*\}ATQ%NQMTLR.;Lszﬁpﬁmr’r;:rv\pvQD -~ THAPGTTARAHNTTRTAAPAS 200

SEQIDNC:47 SHRTREKTTHEGNQ 'LPATLSTSTHKSTS_HKSEQE———THAPGPEfAAﬂNLFQEADPAJ 221
SEQIDNC:48 SPTAGKTTOPSNOTTLPATLSTSPHNSTASQKPTHP-—-NHTPGRPTTGAHNTTQTASPAT 223
SEQIDN(C:49  —=———= MTCSSRSVLLIMLSSLHE SSLESNPKDPSVLAEAPGON-—————— KRDSDISL 48

SEQIDNG: 50 SHTTGKTTQLSN LPATLSTSPHNSTTSONPAHS~~~-THTPGPTTGTCNTTQTASPTT 225
SEQIDNC:51 SHITGKTTQOLSNOTTLPATLSTSPHNITTSOKPTQOP~—~-THTPGPTTATYNTTOTASPAT 224
SEQIDNC: 52 SHTTGKTTQLSNC LPAEL“"PdWrTToQKPT“P———TI“Qbk TAANNTTE SPAT 220
SEQIDNC:53 NHITGRSTQLGGCTTLPKALFTPSHESTTTORPTLS-—-TI-VSELTPTGKDRITTSSVE 202

SEQIDNG:54 NYITGRATQLGGCTTLPKTFEFTASHE TTNQRPTLQ ——TNVLGTQLPTRRJ 204
SEQIDNG:55 THVTSNTTTLA-———- r i1l

*

Hinge LAaMP HOMOLOGY DOMAIN 2

SEQIDNG:3 P SSVETGIYOQVIN=G. 268
SEQIDNG: 44 CQPSSVETGLYQVLN-GSRLC H I K 266
SEQIDNC:45 IVQF“'LADH SSVKTGLYOVLN-GSE PSPRRYFNLDPNAT 268
SEQIDNC: 46 TVPGSTLAPQPSSIKTGIYQVIN-GSRLCIKAE FEPRRYFNLDPNAT 268
SEQIDNG:47 PI“—\“GP'“TZ—‘P(V CTOVIN-GS LpJ FSPORYFNIDPNAT 280
SEQIDNG:48 zLYQVIN-GSK >TELT FSPORYFNIDPNTT 282
SEQIDNG:49 VP“MFVLQPKMTADDT””YTTRBPQGWVC”RA FmJDﬁVVPFT ~KKKYYFNLTPNSA 104

SEQIDNC:50 TAPGPTLAPQPSSAKTGMYQLILN-GSKLCIKAE
SEQIDNC: 51 IAPRPTLAPOPLSPKTGIYOVHN-GSKLCI
SEQIDNC: 52 IAPRPTLAPOPLSPRTGLYQVLN-GSKLCIKA
SEQIDNC:53 LVPRPTIVTWSSPAKIGTYEVLN-GSRLCT
SEQIDNC: 54 LVPRPTLVTWSS IGTYEVLN-GSRLCT

MG lQ;mVQD-ﬁuASPPQGXFM JPV'J
GIQLTVODSVSVESPOKYENIDPNA 283
GIQLTVODSA QVTSPQKE‘?TWPWAL 279
KAEMGTIAL KGLDSATQREE JPSLT 261
\EMG LY DSATQRY PSTT 263

[\
w0
ISy

SEQIDNC:55 TTPTPTLEPRPSPPETGNYTVKI-RNEFCIEAIMGLELELTNS~—~-TKTQOYFNIVPSQI 167
. * > & . * o K o . ° °
LAMP HOMOLOGY DOMAIN 2
2
SEQIDNO:3 319
SEQIDNG:44 SLSGGCL 321
SEQIDNC:45 QASGM“‘TPW"“W" 319
SEQIDNC:46 QASQ]”““RV————@NLL 319
SEQIDNC: 47 CTSGNCGSQK-——-—-8N ALY ] 331
SEQIDNG: 48 CASGNCGSRK- -3 JEN \C”GA\Lﬂ‘ﬁwmmmmWPEK” 333
SEQIDNC:49 RATGYCANQK- : ;LJCDubVV*Tv/GSLf““D*“ NCPERIY 160
SEQIDNC: 50 QVSGICGSRE~ SNLI SEVGAYLIVE~~-—--NPERTY 335
SEQIDNC: 51 QASGNCGERK-——-3NLLLNFQGGEVNLT GEIDVV=°£”“”Vr”V‘ ————— NPARVY 334
SEQIDNG:52 CGSRE-———-SNLLLNEFQGGEVNLTFIKDENSYYISEVEAYLIVS————- NPAKVY 330
SEQIDNO:53 ] SON-- NLELNFQGGSVNVTETKE WLYYV?FVGAYAAT: 312
SEQIDNGC: 54 HASG SQK-- SNLFLNFQGGSVNIT [SEVGAYLTIS~——-——NT 314
SEQIDNC:55 NSNGTCEKSK-——-ANLNLTFANSYINFVEAQDDNSYYLDNVIVYENLT - 218

* ok . * % Kk a Y * ° *
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SEQIDNGC: 3

SEQIDNG:44
SEQIDNG:45
SEQIDNC: 46
SEQIDNC:47
SEQIDNC:48
SEQIDNC: 49
SEQIDNG: 50
SEQIDNC:51
SEQIDNC: 52
SEQIDNC:53
SEQIDNG:54
SEQIDNG:55

SEQIDNC:3

SEQIDNC: 44
SEQIDNC:45

SEQIDNG: 46
SEQIDNG: 47
SEQIDNC:
SEQIDNGC: 4
SEQIDNG: 5
SEQIDNG:
SEQIDNG:
SEQIDNC:
SEQIDNC:
SEQIDNG
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LAMP HOMOLOGY DOMAIN 2
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JAVVN”“TAVGUgTBC’S?QgLyLDAHL“*VTTWVOIQAFD

: QTVVSJSIKCVSLgS*gLSAﬂL\ KTTNVOLOAFD AFG
E VSEQCSIOLSTHLOLKTMNVOFOAFDE HEGN
SEQSIQLSPHLOILNTMNVQLOAFDFEDDHEGN
VuLdPWEFT SETMLILADYFRLKLVPLOIQAFDLVNGAFG &F”T
CGMKSPVVM SE LSTQL KTTWV“ZQPFPFEDDN“GNVDL
OGLKHAMMM SEQSIQLSTYLOLKTMNV( HQAE EEDD* """
SEQST ,2]_ “JHL _I\T\/“J” LOAFDE
EQSIQ] ‘AAGUQTG

E S T 2k a s s 2k koo

Trng Maemb.

Cyto. Tail

ITRLRCQOSSGYQORI 416

GVYKI RLRCQSSGYQRT 418

> L GVYKIRLRCQSSGYQRI 416

YTIV- Mrv-IGAT”VGJCLVawuv¢K RLRCQSSGYQRT 416

YTVV-LEPV-IGATVLGLCAVGLIVYGIHLRRES 4238

YTIV-LPV-IGAIVLGLCAVGLIVYGIRLKRESSEYQORY 430
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FIGURE 6: HUMAN LIMP-2 ALIGNMENT WITH ORTHOLOGOUS SEQUENCES
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SEQIDNO: 56 478
SEQIDNO: 57 478
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SEQIDNO: 61 HSFATTKDETAYTOVSNQAEDS PENRNNCPLRNGS Y TAMS PVEAQKLS 531
SEQIDNO: 62 T o o o e o o o e e o e L L L 478
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SEQIDNO: 65 T NEKONKDNQPARY—————————————— 551
SEQIDNOQ: 66 LATA-——————————— SVDOAKKKAKMDNGMS SKEN- -~ ———————~ 522
LiMP-2
Accession No. | Species SEQ D NO: Accession No. | Species SEQ ID NO:
NP_005497.1 H. sapiens 4 NP_775366.1 D. rerio 61
XP 517214.2 P. troglodytes 56 NP _446453.1 R. norvegicus 62
XP_0D01096458.1 | M. mulatta 57 XP_420593.1 G. gollus 63
XP_005639134.1 | C fupus familiaris 58 NP_001016557.1 | X. tropicalis 64
NP _001095623.1 | B. Taurus 59 NP _726504.2 D. Melanogaster 65
NP_031670.1 M. muscuius 60 XP 3143452 A.gambiae 66
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FIGURE 7: HUMAN LIMBIC/SLAMP ALIGNMENT WITH ORTHOLOGOUS SEQUENCES
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SEQIDNO: 113 MQVGRKDCWRQ“"LQASEERLLCvaPTGF?VRSV NQAATDle-AgGDmKlLFfYVDJ 57
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LAMP HOMOLOGY DOMAIN
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SEQIDNO: 103 HEPKTSQVYLIVOVEPRISNISS--DVTVNEGSNVTLVCMANGRPEFVITWRHLT T 171
SEQIDNO: 104 HEPKTSQVYLIVOVEPRKISNISS--DVITVNEGSNVTLVCMANGRPEPVITWRHL T 1
SEQIDNO: 105 HEPKTSQVYLIVOVEPRKISNISS--DVITVNEGSNVTLVCMANGRPEPVITWRHLT T 1
SEQIDNO: 106 DPR~- HSVEILVPPRITHVTSGGHLOVRKGSPVRLECSATGNPMPNITWIRKNNLLEPN 157
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SEQIDNO: 109 HOPRTSOVYLIVOVPPKISNISS~~DVIVNEGSNVTLVCMANGRPERPVITWRHLTP—~~~T 171
SEQIDNO: 110 HHPRTSOVYLIVOVPPKISNISS~~DITVNEGSNVTLVCMANGRPERPVITWRHLTP—~~~-T 171
SEQIDNO: 111 HHPRTSOVYLIVOVPPKISNISS~-DITVNEGSNVTLVCMANGRPEPVITWRHELTP~~-T 168
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SEQIDNO: 113 5 171

COPKTSQVYLIVOVEPASTIYQVSN--DITVNEGSNVTLSCLANGRPDPATTWRLLY

* x * e e ok akk kK Kk Kk Kk Kk Kk kkk

LaMP HOMOLOGY DOMAIN

~J

230
230

SEQIDNO:
SEQIDNO:
SEQIDNO:

GREFEG
GREFEG

3

[l
w0 wu

LETLGITREQSG AANEVSSADVREQVEVTIVNYPPTI
LEILGITREQSGKYECKAANEVSSADVEQVKVIVNYPPT

[\
w
O

e}

6
€8
6
7
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SEQIDNO: 103 GREFEGEEEYLEILGITREQSGKYECKAANEVESADVKOVRVIVNYPPTITESKS-NEAT 230
SEQIDNO: 104 GRELEGEEEYLEILGITREQSGRKYECKAANEVSSADVKQVREVIVNYPPTITESKS-NEAT 230
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SEQIDNO: 110 GKEFEGEEEYLEILGITREQSGKYECKAANEVASADVEKQVRVIVNYFFTITESKS-NEAA 230
SEQIDNO: 11l GKEFEGEEEYLEILGITREQSGKYECKAANEVASADVKOVRVIVNYPFTITESKS-NEAA 227
SEQIDNO: 112 ARDFE GEEEVLJIQ SITRECSGRYECKAANEVASADVKOVRVIVNYPPITTESKS-NEAT 227
SEQIDNO: 113 AEPLDG-EEYLDITGIMRTOA 229
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LAaMP HOMOLOGY DOMAIN

SEQIDNO: 67 290
SEQIDNO:68 D RINSANGL EHYGNYTC 2S0
ShgleO:69 TGEROAS D RINSANGLEIKST VTI JTEEHYGNYTC 290
SEQIDNO: 70 TGRﬂAQLVpEA)A”DAPDW DT“RTW“ANCiETKs?L>QquTVTP /TEEHYGNYTC 290
SEQIDNO: 71 TGKOQATILRCEASAVEAPDEFEWYKD 'RTNQHQCIETPNﬁG S REVIMVANVTEEHYGNYTC 290
SEQIDNO:72 VGQAGV LhAbA E Dh- NYQJEP“LSSSQ L lngGUPTV*V\ANVTLF“V”DYTC 285
SEQIDNC: 102 EWYRDDTRINSANGLEIKSTE SSLTVINVIEEHYCGNYTC 250
SEQIDNO: 103 T QASL&PhADﬁ\E_PDTEWYlIEW“lT SANGLEIKS SLTVANVITEEHYGNYTC 220
SEQIDNO: 104 TGREKASLKCEAS PGPFPD?&VVRDzi?TWSA;G&ﬁTK SLTVT c 290
SEQIDNO: 105 TGREASLKCEAS AVDAPDrnNVRUDTPTN~Ah v C 280
SEQIDNO: 106 EGQEAD 'LLVC ="7p(,h° ‘P}L‘VL’ DT QTZ'?:{VlET\] LI c 276
SEQIDNO:107 TGE D RINSAQGLEIRNTGS R'JLMVA NYTC 287
SEQIDNO: 108 T DETRTW“ARGLETKQT?>LquTVTN GNYTC 290
SEQIDNO:10% TURV\SI”'EA)A\ RDDTRINSANGLEIKSIEGQSLIMVTN GNYTC 290
SEQIDNO: 110 TGRO ALLACEADKVLTPDV““ DODTRINSANGLEIKSTGSOSLILMVANV GNYTC 290
SEQIDNO: 111 TEROALLRCEASAVPTPEDE WYRWDm“lNSANGLEIVSWG°\° *M\APV YGNYTC 287
SEQIDNO: 112 TGEQATLRCEASAVPAPDFEWYKDDTRINSAQGLEIRNTGSRSVILMVANVTEEHYENYTC 287
SEQIDNO: 113 VGRNGTLRCEVTAVPTPEFEWYRDDERLANTOSITIQTSGTTTSLTIANITEEDYGNYTC 289
o U A o, Fra LIS I *, oo HR RSO

Trns Memb.

(o8]
[#]
(8¢

SEQIDNG: &7

SEQIDNOC: €8 VAANKLGVTNAS LVLFRPGSVRGINGS I SLAVPLWLLAASLLCLL - SKC

SEQIDNO: 69 VAANKLGVTNASLVLERPGSVRGINGSISLAVPIWLIAASLLCLL-SKC-——-————————
SEQIDNO: 70 VAR kK“udTNASuVTF“hf\KJ“ DSMOVIE-FLHIDLKSIRHPL-KVNPIQK-—-————-

[0}

[oJaN

W L
WS 3 )
[as}

3
W
A

SEQIDNO: LGITNTSLYLYI-GPGTRPIDNAT S LAASITWLMANILLCLF-CTC-——-——————~ 337
SEQIDNO: 72 GVHNASVELYKPGMGRDINSAGCICOSLY LLCVSSAL-LQC-~ === 333
SEQIDNO:102 VAANKLGVINASLVLERPGEVRGINGSISLAVPLY SKC—--—mmm——-— 338
SEQIDNO:103 VAANNLGVINASLVLERPGEVRGINGS I SLAVPEWLLAASTLLCLL-SKC~—————————— 338
SEQIDNO: 104 VAANNLGVTNASLVLEFRPGSVRGINGS I SLAVPILWLLAASLLCLL-8KC-————---—-———— 338
SEQIDNO: 105 VAANNLGMTNASLVLFRPGSVRGINGSI SLAVPLWLLAASLLCLL - SKC———====—===- 338
SEQIDNO: 105 IADNQLGETRKTVTLTGRKPKTAVE-—~RIVPNSCWKDKYNISWI 333
SEQIDNO: 107 VAANKLGITNTSLYLYI-GPGTPIDSATSLAASIWLMANLLECLE-CTC—- 334
SEQIDNO: 108 VAANNLGVTNASLVLEFRPGSVRGINGSISLAVPLWLLAASLLCLL-SKC——————————— 338
SEQIDNO: 109 VAANKLGVTNASLILEFREGSVRGINGSISTAVPLWLLAASLEFCLL-SKC-—-—-——————— 338
SEQIDNO: 110 YLYRPGTGRVDNGSVSLAVPLWLLAASLLCLL-3 338
SEQIDNO: 111 Y LYRPGTGRVDNGSMSLAVPLWLLAASLLCLL-SKC-~~~=—mm—me= 335
SEQIDNO: 112 TELYLYI-GPGTPIDSATSLAASLWLMANLLFCLF-CTC -~ ~mm—m=—== 334
SEQIDNO:113 \ASNRLGJ“WASLELYRK TGRDINGSACVSOSEWLLLASFACLF-LKC——--——-————— 337

sk ok kok e ek .
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SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:71

SEQIDNO: 72

SEQIDNO: 102
SEQIDNO: L0

SEQIDNO: 104
SEQIDNO: |
SEQIDNO: |
SEQIDNO:107
SEQIDNO: 1
SEQIDNO:10¢%
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO: L1

O O ~d

~1 Oy O

(]

(o)}

3y
O 0 ~d

SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO: L
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SEQIDNO:
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338
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Wi W W d W W Ww
W ~1 =

338
338
338
338
333
334
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W W W W W Wwww
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LIMBIC/LSAMP

Accession No. | Species SEQ ID NO: Accession No. | Species SEQ D NO:
NP_002329.2 H. sapiens 67 NP_001182297.1 | B. Touwrus 105
XP 5166622 P. troglodytes &8 XP 3122985 A.gambiae 106
XP_002716722.1 | O. cuniculus 69 NP_001096385.1 | X.tropicalis 107
NP_780757.1 M. musculus 70 XP_003434117.1 | C lupus familiaris 108
NP_001086181.1 | X loevis 71 XP_001362972.1 | M. domestica 109
NP_001034921.1 | D. rerio 72 NP_990205.1 G. gallus 110
NP_058938.1 R. norvegicus 102 XP_002190582.1 | T. guttate 111
XP_001502710.1 | E. caballus 103 NP_001096385.1 | X. tropicalis 112
NP_001231626.1 | S. scrofa 104 XP_003449349.1 | O. niloticus 113




WO 2018/195527 PCT/US2018/028753
Page 27 of 42

FIGURE & HUMAN ENDOLYN ALIGNMENT WITH ORTHOLOGOUS SEQUENCES

SIGNAL SEQUENCE LAMP HOMOLOGY DOMAIN

SEQIDNO: 5 5 53
SEQIDNO:73 MSGSS 50
SEQIDNO: 74 MSRLSRSLLWAVTCLAVLCVLSBEENP V53
SEQIDNO: 75 MLGLSRQLLWAVGCLAALCVLTAAKNS TT L 54
SEQIDNQ: 76 MSGLSRPLLLAVGCLAALLVITAAGNTTLA- LAVLTA°“ FH?TT““VPVS?TTLSPJHVS8
SEQIDNO: 77 MSGLSRPLLLAVGYLAALCVITAARNTTVT - PNVITPS S5~ PPPTTATVEVERPTTLTRREV 58
SEQIDNO: 78 MSGLSROLCWAAACLAALCALTARQSFSSD-PNGTTTTTOATTDAAT - —~—TRVTTAAPA 55
SEQIDNO:79 MSGASRGLEWAATCLAALCLSAAQSNS-SASPNVTDPPT————— TT————— SKVVPTTLT 49
* * kK ->'\-‘ *.‘7'(--)\- :* . *
LaMPp HOMOLOGY DOMAIN
1 2 3 4 5 & 7 g
SEQIDNO: 5
SEQIDNO: 73 ANKTYCA] L QVNF
SEQIDNQ: 74 ELYCS[N°”VSDCQV“
SEQIDNO: 75 PTEAP ~NNTCFY
SEQIDNO: 76 TIPAPDI NATCEFW : 0
SEQIDNO: 77 TTPAPDIC NATCFWIEC STVSDCRVVE 2
SEQIDNO:78 TTFAPDPCD SP7RTQVU—A ACQWT?FKE——Kk\P°Bkva53Pﬁ\vJ‘“ﬂ193112
SEQIDNO:79 TTKPPETCESFNSCVSCVNATLTINNITCVHLDCHEANKTYCSS-ELVSNCTQRKTSTDSCS 108
* *: * R ***:*kn: :* *:-*: :_:(fkn _:k 3 * .
LAMP HOMOLOGY DOMAIN
SEQIDNO: 5 163
SEQIDNO: 73 I NI s 163
SEQIDNO: 74 VET- LVP“AP"&&P“V k PETT-SKTVTTSGTTNT F”“PT‘ PVRKSTFDAASFIC 168
SEQIDNO: 75 GPT- V“DIP* NSTAKTTTLPSPSSA-STTATTSGTINTTLAPTTOPMRKSTFDAASFIGC 165
SEQIDNO: 76 VPT-TTPTPT-NSTAKTTTLPSTTTT-STTATTSGTTNTTLSPTIQPTRESTFDAASEIG 169
SEQIDNO: 77 VPT-TTRTPT-NSTAKTTTLESTTTT - STTATTSGTANTTLTPT IQPMRKSTFDAAS 6169
SEQIDNO: 78 APE-PTMMPT-NSTAKTTTOPSSSTA-TTTATTSCTTNITLSPTSQPGRKS FDAASFTG 169
SEQIDNO:79 VIP-TTPVPT-NSTAKPTTRPSSPTPTPSVVISAGATNTTVIPTSQP FDAASFIC 166
* * K kkk kA *ﬂ * ) B “"f\'::‘k::’k' *::75”).— *k Ak kAhkkkhkAd kA
Trns Memb. Cytoplasmic Tail
SEQIDNO: 5 .
SEQIDNO: 73 [ VLVLGVOAVIFFLYRKFCKS
SEQIDNO: 74 VLVLGVQAVIFFLYKFCKS
SEQIDNO:75
SEQIDNO:76
SEQIDNO:77 GIVLVLGVOAVIFFLYKFCK
SEQIDNO: 78 GIVLI;“VuAJLELLYKLM
SEQIDNO: 79 ILVLGVGAVIFFLYKFCKSKERNYHTL

R R I R R R R I R T R R e
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Endolyn
Accession No. Species SEQ ID NO: | Accession No. Species SEQ ID NO:
NP_006007.2 H. sapiens 5 NP_001039506.1 B. taurus 76
NP_058594.1 M. musculus 73 XP_004011265.1 0. aries 77
XP_001091286.1 | M. mulatta 74 XP_532256.2 ff; rri’i’i:;; 78
XP_001924661.2 S. scrofo 75 NP_114000.1 R. norvegicus 79




WO 2018/195527 PCT/US2018/028753
Page 29 of 42

FIGURE 9: HUMAN MACROSAILIN ALIGNMENT WITH ORTHOLOGOUS SEQUENCES

SIGNAL SEQUENCE LAaMP HOMOLOGY DOMAIN 1

SEQIDNO: 80 55
SEQIDNO: 81 MRLAVLEFSGALLGL-LAAQGTGNDCPHRKKSATLLESEFTVITPTVTES GTTSHRTTK 55
SEQIDNOC: 82 MRLAVEEFSGALLGL-LAAQGTGNDCPEKKSATL VTPTATESTPS-PGTTSHRTTK 58
SEQIDNO: 83 MRLPVCL--ILLGP-LIAQGTEEDCPHKKAVTLLPSFIMTPTATESTAS-PTTSHRPTTT 56
SEQIDNO: 84 MRLAVLFLGALLGL-LAAQGTGNDCPHKKSATLLPSFTVIPTATEST-~~—-GTTSHRTTK 55
SEQIDNO:85 MRFPVCL--TLLVL-LVAQGTGKD C“HFVP T LPSFW“TP”ﬂTCVAAB -PTTTHRPTTT 56
SEQIDNO: 8¢ MRFPAV LV AQGTRSDCFH ~PGTTSHSTTT 58
SEQIDNO:87 MRLAV CALLCJ -LAAQETGNDCPH hS f -PGTTSHOTTQ 58
SEQIDNO: 88 MRLPVLFLA-LLGL-HAA--—-————————————————————— === —-SGTTSHRTTK 27
SEQIDNOQ: 89 MTLAVLFLGALLGL-LAESTTSH----—-—""""">""""""""""""""“""""""->-———— 22
SEQIDNO: 90 MRLAVLFSGALLGL-LAAQGTGNDCPHKKSATLLPSFTVTPTATEST-~~-~GTTSHRTTK 55

Xel
‘.

SEQIDNO: 91
SEQIDNO: ¢

MRLSLLLIGILLGL-LAEQGAGDRCPQEKSVTILVPSFTVITIATERSTTSPETTTSSGS~ 58
--MGLTLPLPAQGSQCRANCPHRKSATLVPSFIVTPTATSG-~~~PTTTAHQTTT 49

WO
[\

LAMP HOMOLCOGY DOMAIN 1

SEQIDNO: 80 £ 108
SEQIDNO: 81 SHKTTTHRT 108

SEQIDNO: 82 SHRTTTWRISTTTHT
SEQIDNO: 83 SHGNVIVH-——————— ;
SEQIDNO: 84 SHKTTTHRTTT ==~ --—=TGTTSHRPTTATHNFTT TSHRNATVHPTSNSTATSQGPSTAT |

O
A

Ol
e8]

SEQIDNO: 85 SHRPT" ~HRPTTTSHRPTTTSHRET =~ = = movm e oo emcmimme e = PTG §5
SEQIDNC: 86 AETT~ -~ SHAPNTTTHO- 72
SEQIDNO: 87 SHRTTTT=~==—=====m=m GTTSDHPTTATHNP~~— === === m = —mmmmm oo 79
SEQIDNO: 88 NPHTT TATPGTTSHRPTTAT === == === m 50

SEQIDNO:8% - RTTTPR~~ =~ =—=TTTTGTTSHGPTTVTHNPA~

SEQIDNO: SHEKTTTHRTTT e e e e E’Q,T""S:j}?? TTATHNPNTTSHRNATVHEPTSNSTZ
SEQIDNO: 91 == TATTYRT S~
SEQIDNO: 92 DHGTTTSHETTTSQGTSTHG

(o8]
N}
}
s
~J

o
<

CGPSTAT 108

~

o
J

SEQIDNO: 80
SEQIDNO: 81

'\thﬂTVUDT “RTTATSP” —————————— P31 IPEP-PPSPSPSPGS]

SEQIDNO: 82 T——RSP}

SEQIDNO:83 —~~TTT3HGNATISHATVSPTT -~~~ ~-NG-TATSPRSST~~ VCPIHGDPPESP"M"PP°"12’
SEQIDNO: 84 HRPATTSHGNATVHPT-SNSTATSPG- -~ ==1~T~~-38 SPPPPSPSPIPASK 154
SEQIDNO: 85 HRPTTTSHG ATmem“"qpmmmmn""mmm... PGFST~~VEP PPPPSP IPSST 129

.
SEQIDNO: 86 ~APTTPGHRNTTIHPTTSNSTSNTTC
SEQIDNO: 87 o TTTSHGNTTVHPTTSNSTVTSBG-————————— I
SEQIDNO: 88 = PTTGHGNVTVHPTT SNTTSNTTTTTGTS -~ 1 -
SEQIDNC: 8% —-- TTTSHGNATVHPT~SSSTATSPGnmmm = o

SEQIDNO: 90 HRPATTSHGNATVHP T~ SNSTATSPG-n == =]

SEQIDNO: 91 ~-YSTTSEGTAVTHGTTTSPRN -~~~ == === ===~ TST T SQOSVPVEPSPOPTSS
SEQIDNO: 92 ~~STTTSHGTSTPHKTTTRHPTT SHGTTTSHGT ST GHWTARPTIRPGPPPPPP—~—-=5PG 14

* * kX K

GPRPPPPSPGPGRQ 120
PREPPPSPSPSPGSK 124
GPPPPPPSPSPGSR 102
PGPPPPSPSPSPGSQ 91

PGPPPPSPSE

s
U 2 H H ro “U
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LAMP HOMOLOGY DOMAIN

o
-

SEQIDNO:

N[\)
N

SEQIDNO: 81 CVHLOAQIQLIRVMYTTQGGG- -EAWGISVLNPNR-TKVQ 204
SEQTDNO: 82 {QPCYRLOAQIOIRVLY PTQGGG-———————— EAWGISVLNPNR-TKAQ 185
SEQIDNO: 83 SQPCVOLOAQIQTIRI LYPTQGGRKVKLEWGLKRAWGT SVINPNE-TKVQ 183
SEQIDNO: 84 QPCVHLOAQIQI RVMYTTQGGG = =~~~ EAWNGI SVLNPNK~TKVQ 204
SEQIDNO: 85 SOPCVQLOAQIQIRILYLTQGGK -~~~ =~~~ KAWGLSVLNPNK-TKVQ 178
SEQIDNO: 86 TG30BCARLOARIQLGVVYPTOAGG -~~~ QAWGISVLNPNS-TKPW 179
SEQIDNO: 87 NGSQPCVRLOAQIQIRVLYPTL an ————————— KAWGT SVLNENK-TKRD 174
SEQIDNO: 88 GSQPCVOLOAQIQIRVLYPTQGGG-—=—=—==~ QAWGMSVLNPNR-TKAQ 152
SEQIDNO: 89 GSQPCVOLOAQT OTP”LYFTVzFF"wwmmmm""mFWGISVLkPNKWTKAL141
SEQIDNO: 90 GDYMWTNGSQPCVHLOAQIQI RVMYTTQGGG -~~~ -~ EAWGI SVLNPNK~TKVQ 204
SEQIDNO: 91 CAVGDYIGANGSQLCVHLRAQIOMRVLYQAS GGG ———————— KLWGIFVINPNR-TMAQ 173
SEQIDNO: 92 KAVGNYTVENGEQPCLRLRAEI RLWVLYQAQEEGEAP PVSG-— =~~~ AASFPPPRPRPVA 199
:*:7’« * ok k Kk :*:*‘7&:: ::)r . *
LaMP HOMOLOGY DOMAIN
SEQIDNO: 80 258
SEQIDNO: 81 "EG PYGHLSFGEMODLOO- - KAVYLSYMAVEYNVSE FS 258
SEQTDNO: 82 “EG PSGOLSFGFKODELO-~ SAVYLNYMAVEYNVS TFS 239
SEQIDNO: 83 GS\DgiBPI.UT“r————PYGQLTF@FK“PUBOS“ST”YL)YMF”EKNVS ARQUTEM 239
SEQIDNO: 84 GSCEGAHPHLLLSF-- - PYGHLS FGEMQDLOQ- ~ RVVYLSYMAVEYNVS FPHAAQWTFS 258
SEQIDNO: 85 GGCDSAHPHLALSF--~~PYGQOLTFGFKODRHOSHSTVY LN YMAVEYNVS FPOAAQWT F'S 234
SEQIDNC: 86 GDCDGARPHLLLSF--~~PFGQLE FGFTQEPQQ-~GSVYLDYLALOYNVS FPOAAQWTE'S 233
SEQIDNO: 87 GGCA~—HPHLLLSF ———PYGQLSFGFKQEE Lg——DTVYLWYIAVhYFVSF?QAAQW”FL226
SEQIDNO: 88 GGCEGPRPHLLLSF-—---FYGQLSFG NSAVYLSYLAVEYNVSFPQAARWTFS 208
SEQIDNO: 89 aGCECAPPHVQLSﬁmmmu“YCVITrmrhccPQE» STVYLNYMAVEYNVSFPRARQWTFS 195
SEQIDNO: 90 GSCEGAHPHLLLSF~~--~PYGHLSFGFMODLOQ-~ RVVYLSYMAVEYNVSFPHAROWTFS 258
SEQIDNO: 91 GNCEANHSSLILSF~--~PNGKLIFGFKQDSIK-~KIVYLSHLATEFNVSFPSATRWIFS 227
SEQIDNO: 92 GEGDGERSRVTPVASAMTVEGGSRAGFAM- —— === === —m = m = mm o oo 228
* . . * d

1aMpP HOMOLOGY DOMAIN

SEQIDNO: 380 318
SEQIDNO: 81 A LOA] FSCENSSITLSPAVHLDLLELRLOAAQLPHTGVEGOEFSCPSDR 318
SEQIDNO: 8% VONSSLRDLOTPLGHSFSCRNASTIIVSPALHLDLLSLELOAAQLSPSGAFGRPSFSCPNDK 299
SEQIDNO: 83 AQNSSLRELOAPLGOIFCCGNASIVLSPAVHLDLLSLRLOAAQLPDKGHFGRPCFSCNRDD 299
SEQIDNO: 84 AQNASLRDLOAPLGOSFSCINSSITILSPAVHLDLLSLRLOAAQLPHTGVEGOSFSCEPFSDR 318
SEQIDNO: 85 AQNSSLOELOAPLGOSFCCOGNT SIVLSPATHLDLLSLRLOAADLPDKGHFGPCEFSCASDD 294
SEQIDNO: 86 GONASLRALQAPLGOSFSCRNASTLLTPALRLDLLHLKLOAAQLPPSCGAFGPSFSCPSER 203
SEQIDNO: 87 VONSSLRDLOAPLGORFSCRNASTIALSPAFHLDLLSLKLOAAQLTPTGAFGESFSCPSDQ 286
SEQIDNO:88 ﬂQkhSLlDLQAPHVQSFSCRﬁAfTKVSPALUT?ILSLR”Q%M“LFR GIFGP3FSCPADH 268
SEQIDNO:89 I RIYSCRNASITLSTAFHLDLLSLRELOAAQLPPTGNFGPSFSCPSDQ 255
SEQIDNO: 30 ';QSFSCS”SSlLADPAVHL=LLSLRLQAAQLDHvaFGQ‘ﬂoNPDDK318
SEQIDNO: 91 Q TPi ALSPDIHLDLLELOLOAAQLSSSGAFGAAFSCSADL 287
SEQIDNO: 92 R PSI i

AGKTRL-~RTHQPVVVLO——————— HTYYV=mmmmmmmm e e e 263

* -
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SEQIDNO: 80
SEQIDNO: 81
SEQIDNO:82
SEQIDNO:83
SEQIDNO: 84
SEQIDNO: 85
SEQIDNO: 8
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:

o0
(&)

W W W W L e
NI b D W e~

Trans.

PLIVGVIS

Domain
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Cyvto Tail

RRRPSAYQAL 354

RRRPSAYQAL 354

LLTLV VLFP RRRPPTYQPL 335
TL”LJZ¢FFCIT“RRQJT.QP‘335
LLALVLIAFCIVRRRPSAYQAL 354
GLLTLVLIAFCVTRRROSTYQPL 330

¥ LGLLALALVTFCIIRRRFPTYQPL 325
! LELTTVTTILGJFAL7*‘ﬂFC”IRPPEETVQzJ 322
AFCIARRRPSAYQAL 305

TFLIIPP}IIAVﬁP*291

Macrosailin

Accession No. Species SEQ 1D NO: | Accession No. Species SEQ ID NO:
NP 0012422 H. sapiens 80 XP_849733.1 f;ﬁ:‘!’fg’; 86
XP_003315403.1 | P. troglodytes 81 NP_001093232.1 E. cabalius 87
NP_001039367.1 B. taurus 82 XP_002719034.1 O. aries 38
BAA23738.1 M. musculus 83 XP_003131995.1 S. scrofa 89
XP_014974003.1 M. mulatta 84 XP_003912313.1 anubis a0
NP _001026808.1 R. norvegicus 85 XP_001369761.1 M. domestica 91
XP_001517723.2 O. anatinus 92
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FIGURE 10

SEQIDNO: ¢

SEQIDNO:94

SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO: L
SEQIDNO: 1

SEQIDNO:
SEQIDNO:
SEQIDNO: ¢
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO:
SEQIDNO: |
SEQIDNO: |

SEQIDNO:
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SEQIDNO:
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SEQIDNO:
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HUMAN LAMPS ALIGNMENT WITH ORTHOLOGOUS SEQUENCES

SIGNAL SEQUENCE 1aMpP HOMOLOGY DOMAIN

&0

60
60
€0
€0

MDLRGRAVPSTIDRL '
MDLOGRAVPSVDRLRVLLMLEFHTMAQIMAEQEVENLSGLSTNPERDIE
MDLRG QAF“"V\PLRVTTMITYTMARTTRE;EVFNESGLSTNP_.
GVDGLRVLILMLEHTVT RTI\"Z\ SGLSTNPE €0
GGDRLRILLME PO \ MSGLSTNPE : ¢
GGDRLRILLMFFHAMAQTVAEQEVE ?L%“‘"NPEK V {GTTCLMA 60
I PNPEKDIFVVRENRTTCLMA 52
‘"MDYRACTSALRMPVLLLLLCTFQk\<MEQ; JJLJQNPDKNIFAI:ENGTTCLMA 58

kK e oo FhkhkhkkhkrhAAkk *hkokohkdk .k kFE AhkkAik

(63

LAMP HOMOLOGY DOMAIN

VEYDVWASNY
VEYDVWASNYY,
EFAARFIVPYDVWASNYVDL
EFAAKFIVPYDVWASNYVD
EFAAKFIVPYDVWASNYVDL

CRCGHMMLELQVFWVURAYALKML
CGHSESELQVEWVDRAYALKML
HCGHNESELOVEWVDRAYATKML

GAEVKGHCGHDESELQVEWVDRAYALKML
SLTRGAEVKGHCGHNESELEVEWVDHAYTLRML
EFAARKFIVPYDVWASNYVDL ) TRGAEVKGRCGH! ELOVEWVDRAYTLRML
EFAARKEVVPYDVWASNYVDLITEQADIPLSRGAEMKGKCGINESELEI SWLERAYTLRLE
EFSARILVEPYEVPISENEVDWDLEEASTCLPRDTEIRGKCWNNESELHLSWLDKAYTLELE

Kok e K v e e kokk s Kk *ok ko *oek kA kK ek sk ek akk ke ke s s kEoeko s o»

lIALTRGAE

LaMP HOMOLOGY DOMAIN

153

] WSHNMSKGP 153
FVK ESHNTSKGP 153
RNASKGP 153

SHNTFPKGPE 153

NTSKGPEA 153

BV K = m s ESHNTSKGLEAT WKuSancJX,SSEKmIF
FLKVRGCPRRLGRGRCAARLRGFDOPCPPOEGHNTSRGPEAFWRLSRIQFSYDTSERTYF
e T ~EGQDA~~SKSRSWKMSKIQFLYDPSEHTIF

*x e A ok ik kK ook ok
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SEQIDNO: 93
SEQIDNO: 94
SEQIDNO: 95
SEQIDNO: 96
SEQIDNO: 97
SEQIDNO: 98
SEQIDNO: 399
SEQIDNO: 100
SEQIDNO:101

SEQIDNO: 93
SEQIDNO: 94
SEQIDNO: 95
SEQIDNO: 3¢
SEQIDNO: 37
SEQIDNO: 98
SEQIDNQ: 9%
SEQIDNOQ: 100
SEQIDNO: 101

SEQIDNO: 93
SEQIDNO: 94
SEQIDNO: 35
SEQIDNO: 9¢
SEQIDNO: 97
SEQIDNO: 98
SEQIDNQ: 9%
SEQIDNO: 100
SEQIDNO: 101

KSGARPGRHTANSHH

*

SQYKEMG
SQYKHMG
SQYKHMG
SQYKHMG
SOYKHMG
SQYKHMG
SQYKHMG
SQYKHMG
SLYKHMG

EE

KDAVSAGKH
KDAVSAGKHTANSH
KDAVSAGKHTANSHRI
KDAVSAGKHTANS
KAPVKVNKYIASSH
KDAVSAGKHTANSHHLSALVTPAGMS
KODAVSPGKHTASSHERLSATVIPAGKIYECQAQQTT
LSIMVTPAGMSYECEATCORISLTSTDHORIVVLY
ko kk kK eckkkk ok kkkk ok & kkok
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LAaMP HOMOLOGY DOMAIN

TANSHHLSALVY

SALY

<

NN R DB B
oW W W
DO OCOOoD

£

.

~d W0 W

Ny Ny

[e)}

SALVY

PAGKSYECQAQCTISLASSDLOKTVIMILSAVHIQPEDI 213
. :

(ECQAOOTT

Trans. Domain

LISSDHQ

LILGLVIVVT YHV
GLILGLVIVVTLATYHI

LILGLVIVVTL

LI CLGLVIVITLCWY Hi
PLILGLTLGVATILITVAVYHIHHEKM
Ak kokhkdkshkk krsskkkkkkkkhhhh kke Koo

LASSDEQRTVTMIL

SSDPQRKTVIMILS

doak kk &

VIMILSAVHIO
PVITMILSAVHIQPE

AVHIQPFDI 213
AVHIQPFDI 213
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NP_036393.1

H. sapiens

93

NP_001076887.1

B. taurus

97

XP_514512.3

P. troglodytes

94

NP _033806.2

M. musculus

98

NP _001181827.1

M. mulatto

35

NP_001014205.1

R. norvegicus

4948

XP_850634.1

C. lupus
familiaris

XP_004935300.1

G. gollus

100

NP_0010580781.%

X. tropicalis

101
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Figure 11 HVEM specific IgG antibody (day 28)
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Figure 19

Survivin — Example of a Complete LAMP Construct (SEQ ID NO:115)

maprsarrpllllllllligimhcasaaMFMVKNGNGTACIMANFSAAFSVNYDTKSGPKNMTLDLPSDATVVLNRSSCGKENTSDP
SLVIAFGRGHTLTLNFTRNATRYSVQLMSFVYNLSDTHLFPNASSKEIKTVESITDIRADIDKKYRCVSGTQVHMNNVTVTLH
DATIQAYLSNSSFSRGETRCEQDRPSPTTAPPAPPSPSPSPVPKSPSVDKYNVSGTNGTCLLASMGLQLNLTYERKDNTTVTR
LLNINPNKTSASGSCGAHLVTLELHSEGTTVLLFQFGMNASSSRFFLQGIQLNTILPDARDPAFKAANGSLRALQATVGNSYK
CNAEEHVRVTKAFSVNIFKVWVQAFKVEGGQFGSVEECLLDENSLE N e e i L L e a e ey

PERMAEAGFIHCPTENEPDLAQCFFCFKELEGWEPDDDPIEEHKKHSSGCAFLSVKKQFEELTLGEFLKLDRERAKNKIA|

KETNNKKKEFEETAKKVRRAIEQLAAMD|3%

Survivin — Example of a ILC-1 Construct (SEQ ID NO:116)

METIEETd gl TITHIFATaal sl EMGAPTLPPAWQPFLKDHRISTFKNWPFLEGCACTPERMAEAGFIHCPTENEPDLAQCFFC
FKELEGWEPDDDPIEEHKKHSSGCAFLSVKKQFEELTLGEFLKLDRERAKNKIAKETNNKKKEFEETAKKVRRAIEQLAAM

EAMFMVKNGNGTA CIMANFSAAFSVNYDTKSGPKNMTLDLPSDATVVLNRSSCGKENTSDPSLVIAFGRGHTLTLNFTRN
ATRYSVQLMSFVYNLSDTHLFPNASSKEIKTVESITDIRADIDKKYRCVSGTQVHMNNVTVTLHDATIQAYLSNSSFSRGETR

CEQDRPSPTTAPPAPPSPSPSPVPKSPSVDKYNVSGTNGTCLLASMGLQLNLTYERKDNTTVTRLLNINPNKTSASGSCGAH
LVTLELHSEGTTVLLFQFGMNASSSRFFLQGIQLNTILPDARDPAFKAANGSLRALQATVGNSYKCNAEEHVRVTKAFSVNIF
KVWVQAFKVEGGQFGSVEECLLDENSM;

Survivin — Example of a ILC-2 Construct (SEQ ID NO:117)

ETIEETd gl ITITHIFATaalalo- B M GAPTLPPAWQPFLKDHRISTFKNWPFLEGCACTPERMAEAGFIHCPTENEPDLAQCFFCH
KELEGWEPDDDPIEEHKKHSSGCAFLSVKKQFEELTLGEFLKLDRERAKNKIAKETNNKKKEFEETAKKVRRAIEQLAAMD!Z

MFMVKNGNGTACIMANFSAAFSVNYDTKSGPKNMTLDLPSDATVVLNRSSCGKENTSDPSLVIAFGRGHTLTLNFTRNAT
RYSVQLMSFVYNLSDTHLFPNASSKEIKTVESITDIRADIDKKYRCVSGTQVHMNNVTVTLHDATIQAYLSNSSFSRGETRCE

Survivin — Example of a ILC-3 Construct (SEQ ID NO:118)
maprsarrplllilliligimhcasaAMFMVKNGNGTACIMANFSAAFSVNYDTKSGPKNMTLDLPSDATVVLNRSSCGKENTSDP
SLVIAFGRGHTLTLNFTRNATRYSVQLMSFVYNLSDTHLFPNASSKEIKTVESITDIRADIDKKYRCVSGTQVHMNNVTVTLH

DLYHeL R AN AT IO 0] RAN GAPTLPPAWQPFLKDHRISTFKNWPFLEGCACTPERMAEAGFIHCPTENEPDLAQ
CFFCFKELEGWEPDDDPIEEHKKHSSGCAFLSVKKQFEELTLGEFLKLDRERAKNKIAKETNNKKKEFEETAKKVRRAIEQLAA|
e

Survivin — Example of a ILC-4 Construct (SEQ ID NO:119)
maprsarrpllllililigimhcasaAMFMVKNGNGTACIMANFSAAFSVNYDTKSGPKNMTLDLPSDATVVLNRSSCGKENTSDP
SLVIAFGRGHTLTLNFTRNATRYSVQLMSFVYNLSDTHLFPNASSKEIKTVESITDIRADIDKKYRCVSGTQVHMNNVTVTLH

LYo XY R A AT IO 0] RIMGAPTLPPAWQPFLKDHRISTFKNWPFLEGCACTPERMAEAGFIHCPTENEPDLA
QCFFCFKELEGWEPDDDPIEEHKKHSSGCAFLSVKKQFEELTLGEFLKLDRERAKNKIAKETNNKKKEFEETAKKVRRAIEQ

LVVINEFTCLLASMGLQLNLTYERKDNTTVTRLLNINPNKTSASGSCGAHLVTLELHSEGTTVLLFQFGMNASSSRFFLQG
IQLNTILPDARDPAFKAANGSLRALQATVGNSYKCNAEEHVRVTKAFSVNIFKVWVQAFKVEGGQFGSVEECLLDENSM




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/028753

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO7K14/705 A61K38/17
ADD.

A61K39/00

C07K19/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Co7K A61K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, BIOSIS

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X L. B. ARRUDA ET AL:

Repertoire of Epitopes",
THE JOURNAL OF IMMUNOLOGY,
vol. 177, no. 4,

2265-2275, XP055266226,

us

ISSN: 0022-1767, DOI:
10.4049/jimmunol.177.4.2265

"Dendritic

Cell-Lysosomal-Associated Membrane Protein
(LAMP) and LAMP-1-HIV-1 Gag Chimeras Have
Distinct Cellular Trafficking Pathways and
Prime T and B Cell Responses to a Diverse

3 August 2006 (2006-08-03), pages

Whole document, especially figure 1.

1-23

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 June 2018

Date of mailing of the international search report

26/06/2018

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kools, Patrick

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/028753

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

RODRIGO MACIEL DA COSTA GODINHO ET AL:
"Regulation of HIV-Gag Expression and
Targeting to the Endolysosomal/Secretory
Pathway by the Luminal Domain of
Lysosomal-Associated Membrane Protein
(LAMP-1) Enhance Gag-Specific Immune
Response",

PLOS ONE,

vol. 9, no. 6, 16 June 2014 (2014-06-16),
page e€99887, XP055484045,

DOI: 10.1371/journal.pone.0099887

cited in the application

Whole document, especially Figure 2, and
pages 7,8.

WO 2011/046996 A2 (UNIV JOHNS HOPKINS
[US]; UNIV SINGAPORE [SG]; AUGUST J THOMAS
[US]; TA) 21 April 2011 (2011-04-21)
Whole document, especially the claims.

WO 2015/200357 A2 (IMMUNOMIC THERAPEUTICS
INC [US]) 30 December 2015 (2015-12-30)
Whole document, especially the claims.
DELU ZHOU ET AL: "Lamp-2a Facilitates MHC
Class Il Presentation of Cytoplasmic
Antigens",

IMMUNITY.,

vol. 22, no. 5, 1 May 2005 (2005-05-01),
pages 571-581, XP055483518,

I

ISSN: 1074-7613, DOI:
10.1016/j.immuni.2005.03.009

the whole document

US 2007/269457 Al (NIAZI KAYVAN R [US] ET
AL) 22 November 2007 (2007-11-22)

the whole document

Sven R Carlssons ET AL: "Structure of
Human Lysosomal Membrane Glycoprotein 1
ASSIGNMENT OF DISULFIDE BONDS AND
VISUALIZATION OF ITS DOMAIN ARRANGEMENT",
J. Biol. Chem,

5 December 1989 (1989-12-05), pages
20526-2053118920, XP055484220,

Retrieved from the Internet:
URL:http://www.jbc.org/content/264/34/2052
6.full.pdf

[retrieved on 2018-06-14]

the whole document

1-23

1-23

1-23

1-23

1-23

1-23

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 3




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/028753

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A WIMER-MACKIN S ET AL: "Transmembrane
Domain Mutations Influence the Cellular
Distribution of Lysosomal Membrane
Glycoprotein A",

BIOCHEMICAL AND BIOPHYSICAL RESEARCH
COMMUNICATIONS, BIOCHEMICAL AND
BIOPHYSICAL RESEARCH COMMUNICATIONS,
AMSTERDAM, NL,

vol. 229, no. 2,

13 December 1996 (1996-12-13), pages
472-478, XP027275735,

ISSN: 0006-291X, DOI:
10.1006/BBRC.1996.1828

[retrieved on 1996-12-13]

the whole document

1-23

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 3 of 3




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2018/028753
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2011046996 A2 21-04-2011 US 2012294879 Al 22-11-2012
WO 2011046996 A2 21-04-2011
WO 2015200357 A2 30-12-2015 AU 2015280143 Al 05-01-2017
CA 2952726 Al 30-12-2015
CN 106459994 A 22-02-2017
EP 3157558 A2 26-04-2017
JP 2017521064 A 03-08-2017
KR 20170019457 A 21-02-2017
US 2017304432 Al 26-10-2017
WO 2015200357 A2 30-12-2015
US 2007269457 Al 22-11-2007 US 2007269457 Al 22-11-2007
WO 2007136585 A2 29-11-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - wo-search-report
	Page 131 - wo-search-report
	Page 132 - wo-search-report
	Page 133 - wo-search-report

