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ANTIBODY GUIDED VACCINES AND METHODS OF USE FOR GENERATION OF
RAPID MATURE IMMUNE RESPONSES

CROSS-REFERENCE TO RELATED APPLICATIONS

This patent application claims the benefit of priority of United States Provisional Patent
Application No. 62/008,178, filed June 3, 2014, which 15 incorporated herein by reference in its
entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

This invention was made with Umted States government support awarded by the Nationat
Institute of Food and Agriculture grant number 2008-35204-04554, The United States has
certamn rights in this invention.

SEQUENCE LISTING

This application includes an electronically submitted Sequence Listing in txt format. The
Axt file containg a sequence listig entitled "2015-05-29 5633-00264 ST25 txt" created on May
31, 2015 and 15 43,879 bytes in size. The Sequence Listing contained in this .ixt file is part of the
specification and is hereby incorporated by reference heven in s entirety,

INTRODUCTION

Mucosal surfaces are vast surface areas that are the major portal of entrance of a wide
range of pathogens. Therefore, the mediation of adaptive imununity at the mucosal sites is a key
ohiective for improving vaccing efficacy. A means of inducing rapid mucosal imunune responses

11 response to vaccination s needed.

Vaccmation has the great poiential to be a vehicle to deliver antigen and induce an
antigen-specific  adaptive tmmune respouse in nmicosal sites. However, direct mucosal
immunization has been found 1o be difficalt due to several factors including dilution of mucosal
vaccines in the bulk of mucosal fluid that limits absorption of antigen by the mucosal epithelium,
Due to the complexity of mucosal surfaces, mucosal vaccines frequently fail to transverse the

mucosal gel and are subsequently degraded by proteases.

Several mucosal vaccines are universally used in poultry industry. However, most of
these mucosal vaccines can only mduce a local IgA immune response, and they are unable 1o

react against the pathogen once it spreads through the cirenfation. Thas, a new formulation of
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vaccines that 1s capable of inducing both local mucosal and systemic mmune responses i3
desired. The goal of any mucosal vaccine design is to increase immuonogemicity (useful effector
mechanisms) without leading to reactogenicity {mflammation, hypersensitivity, erc.). Among the
various strategies under development, there is great potential for novel vaccines based on
recombinant proteins and  synthetic peptides. However, such antigens often lack the
mmmunogenicity of live attenuated or whole killed pathogens used in traditional vaccines, There
is, therefore, an urgent need to develop immunological adjuvants with a high potental to
enhance mymume responses while simultaneously possessing a low potential of negative side

effects.

A number of mucosal adjuvants for co-administration with live attenuated vaccines
through the oculo-nasal or oral routes have beew reported in chickens. Despute the fact that some
of these adjuvants do enhance mucosal slgA and systemic lgG responses, they are stl
considered time- and antigen-consuming since repeated injections of a large amount of antigen

are still required.

SUMMARY

Provided herein are adjuvants, vaccines, constructs for preparing the adjuvants and
vaccines and methods of using the adjuvants and vaccines to enliance irmmune responses in
subjects. [n particular 4 rapid antibody respouse to the vaccine incloding both 1gG (in the
circulation) and slgA (mucosal secretory lgA) is ehicited. The adjuvants and vaceines may be
ased for sub-cutaneous or mucosal administration enabling low cost, effective vaccination of
subjects.

Irt one aspect, an adjuvant composition comprising & first CD40 agounistic antibody or
portion thereof comprising at feast two Fab) regions capable of specifically binding CD40 and
inducing CD40 signaling, at least one second antibody or portion thereof comprising at least two
F{ab) regions capable of specifically binding a microorganism, at least one label attached to the
at least one first CD40 agonistic antibody or portion thereof and the at least one second antibody
or portion thereof, and a hnker moiety capable of specifically binding to the labels with high
affinity. The first CD40 agonistic antibody and the second antibody are bound to the linker
moiety to form a complex. The second antibody may be capable of binding a microorganism

that may include a virus, bacterium, vaccine vector, killed pathogen or parts thereof. The second
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antibody may be specific for an epitope on the surface of the microorganism. The epitope may
be conserved. The CD40 agonistic antibody may be specitic for chicken CD40 and may mclude
or consist of SEQ ID NO: 2 and SEQ ID NO: 4 or SEQ ID NO: 14, Alternatively the CD40
agonistic antibody may include the CDR regions of SEQ 1D NOs: 5-10 or the CDR regions of
SEQ ID NOs: 17-22. The killed pathogen may be Influenza or a bacterium or a bactenal cell
surface fragment.

The adjuvant composition can be combined with the microorganism via interaction with
the second antibody to produce a vaccme. The serotype of the microorgamisn may be unknown.
The microorganisim need not be purified to interact with the second antibody. The
microorganism may be killed or inactivated prior 1o binding 1o the second antibody to form a
complex.

I another aspect, a CDAD agonistic antibody or a portion thereof comprising at feast an
F{ab) region is provided. The CD40 agonistic antibody or portion thereof 1s selected from the
following: an antibody comprised of SEQ 1D NO: 2 and SEQ 1D NO: 4; an antibody comprising
SEQ 1D NO: 14, an antibody or portion thereof comprising a heavy chain variable (Vy) region
and a light chain variable (Vi) region, wherein the heavy chain variable region comprises a
CDRI compnising the amino acid sequence set forth in SEQ ID NO: 5, a CDR2 comprising the
amino acid sequence set forth in SEQ ID NO: 6, and a CDR3 comprising the amino acid
sequence set forth in SEQ ID NO: 7 and wherein the light cham variable region comprises a
{CDR1 comprising the amine acid sequence set forth in SEQ 1D NO: 8, a CDR2 comprising the
amine acid sequence set forth m SEQ 1D NG 9, and a CDRS comprising the amino acid
sequence set forth in SEQ 1D NO: 10; and an antibody or portion thereof comprising a heavy
chain variable (Vi) region and a hght chain variable (V) } region, wherein the heavy chain
variable region comprises a CDRI comprising the aming acid sequence set forth in SEQ 1D NG
20, a CDR2 comprising the amno acid sequence set forth in SEQ 1D NO: 21, and a CDR3
comprising the amino acid sequence set forth in SEQ 1D NO: 22 and wherein the light chain
variable region comprises a CDR1 comprising the amino acid sequence set forth m SEQ 1D NO:

7, a CDR2 comprising the aminoe acid sequence set forth in SEQ ID NO: 18, and a CDR3
comprising the aming acid sequence set forth in SEQ 1D NO: 19,
fn a further aspect, the CD40 agonistic antibodies may be used to generate a vaccine. In

the vaccine, the CD40 agonstic antibody is linked via a Haker moiety to an antigen. The antigen
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may be a pepuide. The vaccines may be comprised within an alginate sphere for administration
i the food or drinking water.

tn a further aspect, methods of enhancing an immune response in a subject are provided.
The methods include administering the vaccines or compositions provided herem 1o the subject
n an amount effective to enhance the inunune response to the antigen or microorganism. The
vaccine or composition may be administered muocosallv, may induce both IpG and IgA, in
particalar slgA| and induces a rapid response within about 7 days.

tn a still further aspeet, construets for production of a vaccine composition. The
construct nclades a first polynucleotide encoding an anti-CUD40 agonistic antibody heavy chain
comprising SEQ ID NO: 5, 6, and 7 or SEQ 1D NO: 20, 21 and 22 and an anti-CD40 agonistic
antibody Light chain comprising SEQ ID NO: 8,9, and 10 or SEQ ID NO: 17, 18 and 19, The
pobynacleotide 1s operably connected to a promoter to allow for expression of the ant-UD40
agonistic antibody. The construct may further mclude a second polynucleotide encoding an
antigen and the two polynucleotides may be hinked in frame o form a fusion protem when
expressed.

tu a still further aspect, methods of eptiope mapping a polypeptide are provided. Labeled
peptides of 8-20 amuno acids from the polvpeptide are penerated and attached to a labeled CD48
antibody via a linker moiety to create a CD40 antibody-peptide complex. The CD40 antibody-
peptide complex was adminstered to a subject and after a period of time that may be as short as
5-7 days sera was collected from the subject and tested for the presence of antibodies able to
recogimize the polypeptide. Peptides capable of producing antibodies to the polypeptide were
identificd as antigenic epitopes. These identified antigenic epitopes may be used to develop a
Vaccine.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure | is a schematic representation showing the preparation of antibody-peptide
complex based on biotin-streptavidin mteraction. Fig. 1A shows that biotinylation was limited to
the carbohydrate groups on the Fe region of Mlg, hence did not interfere with antigen-antibody
mteraction. Fig. 1B shoses that streptavidin {SA} was used for controlled complexing of
biotinylated peptide with biotinylated Mig. Mab 2C3 in the 2C5-SA-~peptide complex retamed its

biological function as demonstrated by ELISA.
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Figure 2 is a set of graphs showing the levels of peptide-specific circulatory I2G (Fig.
2A) and mucosal IgA in trachea (Fig. 2B} elicited by a single s.c. injection of anti-cCD40-guided
peptide complex (grey bars, as comparad to non-specific MlgG-peptide complex, black bars) as
determined by ELISA. Groups of eight five-week old male Leghorn chickens were
subcutaneously unmunized once with 30 pg Mab 2C5-peptide complex or negative control
complex. In each case, error bars represent standard deviations from the mean and the asterisks
represent statistical significance {p=R; ¥P<0.05, **P<0 .01 ¥¥FP<0.001 ) compared with non-
specific Mig-peptide complex controls as determined by Student’s t-test. At both time points,
and for both peptide-specific antibody isotypes (IgG and IgA), & significant immune
enhancement caused by CD40 targeting of the peptide cargo to the APCs was observed.

Figure 3 is a set of graphs showing the levels of peptide-specific circulatory 1gG elicited
by a single adminisiration of anti-cCD40-gumded peptide complex (gray bars, as compared to
nos-specific MigQG peptide complex, black bars) through oculo-nasal (Fig. 3A), cloacal dnnking
{Fig. 3B), and oral algmate sospension){Fig. 3C) routes as determined by ELISA. Groups of
eight five-week-old male Leghorm chickens were immunized once with either 50 pg anti-cCD40-
cuided Mab 2C5-peptide complex or negative control (non-specific) MigG-peptide complex via
three different mucosal routes. Serum and trachea samples were collected 7 and 14 days p.1. and
peptide-specific IgG responses were assessed by ELISA. In each case, ervor bars represent
standard deviations from the mean and the asterisks represent statistical significance {n=§;
FPLOOS; P00, FEEPQ 001 compared with Mig-peptide complex controls as determined
by Student’s t-test.

Figure 4 18 a set of graphs showing the levels of peptide-specitic mucosal IgA elicited by
a single administration of anti-cCD40-guided peptide complex (gray bars, as compared to non-
specific peptide complex, black bars) through oculo-nasal {Fig. 4A), cloacal dunking (Fig. 48),
and alginate suspension {oral} {Fig. 4C) mucosal routes as determined by ELISA. Groups of
eight five-week-old male Leghom chickens were immumized once with 50 pg Mab 2CS5-peptide
complex or negative contrel complex vig various mucosal routes and serum and trachea samples
were collected from chickens at 7 and 14 days p.i. In each case, ervor bars represent standard
deviations from the mean and the asterisks represent statistical significance (n=8; ¥P<0.05;
FEPQ.O; FP0.001 ) compared with Mig-peptide complex controls as determined by

Student’s t-test.



16

20

]
th

30

WO 2015/187969 PCT/US2015/034229

Figure § 1s a set of graphs showing the net effect of 2CS-peptide complex on induced
circulatory 1gG (Fig. 5A) and mucosal slgA (Fig. SB) immune response through various mucosal
and classic s.c. routes at 7 and 14 days post administration. The CDM40 targeting induced net
effect was calculated as {Average (S/P) value of treatment from gach route]-{Average (S/P) value
of corresponding Mlg control}.

Figure 6 is a schematic depiction of one embodiment of the invention showing the
molecular structure of a bispecific antibody complex consisting of a seaffold or linker protein
molecule {biotin-streptavidin}, two agonistic chicken anti-C D40 antbody molecules and two
antibodies specific for M2e (a conserved antigen on Influenza).

Figure 7 is a schematic depiction showing how the bispecific antibody complex of Figure
& acting as an adjuvant can be complexed with @ microorganism such as a virus (Influenza) even
from a crude source of the virus such as allantoic fluid or a cellular lysate. The adjovant
composition 15 stmply incubated with a crude preparation of the micreorganism to form the
complex

Figure 8§ is a schematic depiction showing how the adjuvated virus of Figure 7 can
mteract with an antigen presenting cell to target CD40 and enbance the immmune response of the
subject 1o the virug. The antigen-presenting cells of the host express CD40 and the CD40
antibody targets the complex to the antigen presenting cells and induces signahing via CD40 to
enhance both the cell mediated and hwmoral immune response.

Figure 9 is a graph showing the results of an ELISA against ¢CD40 and CD205
demonstrating the scFyv anti-CD40 resolting from the panning procedure recognizes cUD40, but
an antibody targeting CD20S did not recogmize the ¢CD40,

Figure 10 15 a graph showing the results of an ELISA against cCD40 of the purified scFv
anti-cCD4G DAGL

Figure 11 is a set of photographs showing that the anti-cCD40 DAGH recognized CD40
on the surface of chicken B cells (DT40; Fig. 11A) and macrophages (HD11; Fig. 11B) by
mmunocviochemistry.

Figwre 12 s a photograph showing in wire agglotination of DT40 B cells by the seFv
anti-cCD40 DAGL.

Figure 13 15 a graph showing that purified anti-cCD40 seFyv (DAGT) 15 agonistie for

cCD40 and stimulates production of mitric oxide by HD 11 macrophages.
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Figure 14 is a graph showing the survival post-challenge of chickens after vaceination
with the indicated material. CDA40 agonistic antibody complexed with the three M2e antibodies
were able to increase survival after challenge equal to a commercial vaccine.

Figure 15 is a graph showing the ability of sera from chickens vaccinated with the
indicated vaccines one week earlier to inhibit Influenza-mediated hemagghutination.

Figure 16 is a graph showing the hemagglutination assay results for three different clones
of anti-M2e showing each individual bird’s resulis.

Figure 17 1s a set of graphs showing the mean hemagglutimation value for the vanious
groups. Figure 17A shows the mean value when all dilutions are combined and clone T was
significantly better than the controls or other clones. Figure 17B shows the comparison with all
the controls separated the Group C complex was not sigmificantly better than the commercial
vaccine or the killed viras, bat was numernically better than either.

Figure 18 15 a graph showing the ratio of anttbodies produced seven days after
impunization with the indicated peptide-CD40 agonistic antibody complexes as compared to the
day of immunization.

DETAILED DESCRIPTION

In chickens, as in mammals, most infectious diseases begin at the nucosal surface of the
respiratory or the digestive tract. Local immanity is hence crocial in host defense against
pathogens that mvade and colonize these surfaces. Mucosal nnmunization (as opposed to
wjection under the skin or in the muscle) with the vaccine, especially if it 15 not & live vaccing,
can lead to enbanced mucosal immnune responses bat s hampered by the linmted absorption of
the vaccine through the mucous membranes. Mucus that covers the surfice of so-called Mucosa-
Associated Lymphowd Tissue (MALT) often prevents attachment and uptlake of vaccines by
unmune cells. In addition, when administered orally, the bird's crop and gizzard {or a mammal’s
stomach) can also break down the vaccme mechanically or enzymatically before 1t reaches the
intestinal immune tissue. Even if the vaccine reaches the MALT iy a fashion that can be
recognized by the local immune system, not all vaccines stimulate the Antigen-Presenting Cells
{APCs; the "sentinel cells” of the immune system) equally well. Thas, repeated large doses (20~
10O pgfdose) of a vaccine are ofien required for an effective slgA response.

Using the technology disclosed here, a single immunization with an antibody-guided

vaccine complex targeting the UD40 receptor molecule (which is expressed on chicken APCs)
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resulted in significant vaccine~specific systemic lgG and mucosal sigA responses as early as |
week post-vaccination. All the administration rontes that were tested m the Examples (mucosal,
including oral, eve drops and cloacal, but also subcutaneous application) resulted in comparable
IgA responses, and a verv small amount of the vaccine was sefficient to elicit siganificant (P <
{1.001) vacane~specific mucosal IgA responses. After a single sub-cutaneous injection, the anti~
CD40 antibody-peptide complex induced significant systemic 1gG responses on day 7 and 14
post-infection. Compared to conventional adjuvants, the anti-cCD40 monoclonal antibody-
peptide complex is able to mimic the biological role of CD4™ T cells by targeting APCs,
including B-cells, and further enhancing CDA0 downstream signaling and subsequent
mmuneglobulin class-switching from 1gM to IgG or IgA.

Interestingly, a single sub-cutancous injection with the CD40 monoclional antibody-
peptide complex afso mduced a significant mucosa/ peptide-specific sigd immane response as
garty as 7 days post infection as megsured by ELISA in mucosa! extracts from trachea segments.
In the past, the most effective strategy to mduce both systemic and mucosal immunity was by
using & combmation of priming gnd boosting through the mucosal and systemic routes,

respectively.

To the best of onr knowledge, past literature states that parenteral snmunization alone is
unable to prime the specific mucosal insnume response in mammals because cireulatory resting
R-cells in the periphery express different homing receptors compared to the mucosal B-cells in
the common mucosal immune system (CMIS) (Macpherson ¢ /., 2008, Macosal mmunol 1:11-
22; Mer er al, 2009, Blood 113: 2461-2469; Mestecky, 1987, J Clinical Immunol 7:265-276;
Negtra and Kozlowski, 2006 Nat. Rev. Immunol. 6, 148-138). However, this concept has
recently been challenged, and a system suntlar to the CMIS has been proposed to explamn that
parenteral mmmunization might also contribute to antibody~-mediated mucosal mmmunity in
humans {Fernandes, 2012, Correlates of mucosal humoral immunity in peripheral blood, In
Medical Sciences, Vol PhD. MeMaster Univeraity, MeMaster University Libravies lostitotional
Reposttory, page 163). Recently, activated B-cells were shown to express the nucosal homing
receptor, chemogttractant cytokine receptor 10 (CCR10). CCRIQ B-cells in circulation are
considered to be in transit between a systemic {peripheral} lymphoid tssue and mucosal effector

tissues, where they are transformed mto polvmeric IgA-secreting plasma cells (Fernandes and
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Saider, 2010, Int-immonol. 22, 527-5340). Polyclonal anti-CUD40 antibodies have been reported
to initiate the CCRIO expression on recently activated memory B-cells in mice in vitro
{Bernascomi ¢ af., 2002; Science 298, 2199-2202). On the other hand, CCRIO hgand is
expressed in all mucosal effecror sites (Mora and von Andrian, 2008; Mucosal Immunol. 1, 96-
1093 In mammals, polvclonal anti-CD40 antibodies were also reported to mediate the
expression of CXCR4 on IgG-secreting B cells. CXCR4 iz a homing receptor for homing of B-
cells to the bone marrow and to secondary lvmphoid organs. Without being hinited by theory,
we believe this provides a plausible mechawistic explanation for why parenteral immunization
with an anti-CD40 monoclonal antibody-peptide complex may indeed be capable of indocing

hoth significant peptide-specific sysrentic 1gG and sucosal sigA immumne responses.

Taken together, these results made it plausible to test whether a single parenteral or
mucosal immunization with a ¢CD40 monoclonal antibody guided antigen complex can induce
not ondy a fast and long-hived systemic IgGG immune response, but also a rapid local mucosal
slgA response. Therefore, this new platform may have the potential to be widely used for
immunization of chickens and other amimals through mucosal and/or paventeral administration in
cases where both systemic and mucosal immunity are highly desirable. The latter is especially
mmportant for vaccination of poultry, in which most pathogens mvade through the mucosal
surfaces of the resprratory or digestive tract. Fven though there are unresolved questions about
the mechanism and the micro-environment of the mteraction of APCs and ¢CDA0-peptide
complex, the results obtained in the current study are encouraging, and there seems to be
considerable potential for the development of safe, effective and affordable vaceines.

The main advantages of this approach are: (1) fast immune reponses: {2} production of
IgA, the only antibody class that is protective on mcosal surfaces; (3) single administration
regimen; {4) easy and inexpensive routes of administration; {5} lesion-free nyection sites thanks
to its formulation i a physiological buffer; and (6} long-lived imoumological memory. In
addition, in one embodiment we have produced the antibody portion of this vaccine by genetic
engineering methods that permit attachment of this "gutding antibody™ 1o any protein antigen of
interest and production of a single fusion protein in a production platform that is capable of low
cost, scalable production of large quantities of the vaccine and ease of transition to new systems

or emerging mfectious diseases, This vaccine has been characterized in tissue culture (Min vitro™)
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and will be produced in the green alga Chlamydomaonas refnhardiii, to be tested i Hive animals
as described in the Examples. The vaccme will also be tested without prior extraction and
purification from the algae to enable us to produce it at even lower cost. We expect this
configuration of the vaccine to work similarly to the alginate used n the Examples for oral
administration.

In another embodiment of the invention shown in Figures 6-8, CD40 antibodies are
complexed with antibodies capable of specifically binding to a microorgamism. This approach
allows formation of an adjuvant-immunogen complex with nunimal mformation about the
microrganism. For example, the serotype of a virus or bacterial strain need not be known as long
as the antibody is capable of binding to an invariant protein motif (“epitope™) on the surface of
the mucroorgamism. Influenza virues and Salmorella have a wide variety of protems on thewr
surface that are ughly variant and related 1o the virulence of the organism, bat the antibody for
use in the current methods may be selected to bind an invaniant or not as highly variant protein
motif on the surface of the microorganism such that a simple binding assay may be used to
complex mactivated microorganisms to the CD40 complex adjuvant composition for use as a
vaceine. This approach avoeids ustng any recombinant techoology and thus may be more
acceptable in countnies or locales adverse to recombinant DNA technology. In additon, this
technology can be rapidly developed in response to an outbreak with a new variety (i.e. distinct
serotype of in influenza a distinet HN profile) of the microorganism and can be used without any
need 1o selate the microorganiun prior to binding to the CD40 antibody complex. The
production of vacomes inchuding the CD40 antibody complexed with an antibody specific for the
micoorganisn and the inactivated microorganisin may be made withoyt the need for clean rooms
or other technology and could even be generated in the field. The complex will be targeted to
antigen-presenting cells in the host and the agonistic CD40 antibody will help induce both
humoral and cell-medisted imnwunity against the microorganism.

Production of antibody-guided CD40 targeted mucosal vaccines using the above principle
is feasible agaist nearly all pathogens even newly arising pathogens because there is no need to
wdentify the target sntigens preaisely prior to or i conjunction with vaceine development.
Production of vaccines in which a suitable target (protemacenns or other) has been identified can
also be streamiined. These vaccines may be used not only in chickens but also n other meat

producing animals, ranging from fish to mammals, as long as the CD40 guiding antibody 15

10
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directed against the host-speeific (D40 molecule. Agonistic CD48 antibodies have been
identified in several other animals including human, mouse, rat, pig, dog, horse, cows, pigs,
goats, sheep, as well as chickens disclosed herein. Several (1240 sequences are provided as SEQ
ID NOs: 34-56 and antibodies can be raised against the specific CD40 for each species. Many of
these CD4O antibodies and specifically D40 agonisitic antibodies are commercially available,
See Linscott’s Directory of Immunological and Biological Reagents.

One of the chicken CD40 agonistic antibody used herein 1s a mouse antibody but those of
skall in the art will appreciate that the Fo portion of the antibody can be altered to make the
antibody more compatible with the svstem in which 15 used. Thus the antibody provided
herein as SEQ ID NO: 2 (heavy chain) and SEQ 1D NO: 4 (Hght chain) referred to in the
Examples as 205 or SEQ 1D NO: 14 (single chain variable fragiment {scFv)) referred to in the
Examples as DAG-1, may be made i a “chickemzed” form such that the Fe portion and the non-
CDR regions may be replaced with homologous host-compatible antibody backbone sequences
to munimize the inwnune response 1o the anttbody backbone itself. In addition, the antibodies
may be made either recombinantly or via enzyme digestion {J.¢. papain or pepsin} into smaller
portions of the antibodies and include only the Flab) portion of the antibody, such as an Flab),
fragment. The CDR regions for both chicken C240 antibodies used in the Examples have been
identified. For the antibody designated as 2C3 and provided in SEQ 1D NO: 2 and SEQ ID NO:
4, the heavy chain variable region comprises a CDRI compnising the amino acid sequence set
forth in SEQ ID NO: 5, a CDR2 comprising the amino acid sequence set forth m SEQ 1D NO: 6,
and a CDR3 comprising the amuno acid sequence set forth i SEQ 1D NO: 7 and the hght chain
varighle region comprises a CDR1 comprising the amino acid sequence set forth in SEQ 1D NO:
8, a CDR2 comprising the amino acid sequence set forth in SEQ ID NO: 9, and a CDR3
compiising the amino acid sequence set forth in SEQ ID NO: 10, For the antibody designated as
DAG-1 and provided in SEQ ID NQ: 14, the heavy chain variable region comprises a CDR1
comprising the amino acid sequence set forth in SEQ D NO: 20, 8 CDR2 comprising the anino
acid sequence set forth in SEQ ID NO: 21, and a CDR3 comprising the amino acid sequence set
forth in SEQ ID N 22 and wherein the hight cham varviable region comprises & COR1
compiising the amino acid sequence set forth in SEQ ID NO: 17, 2 CDR2 comprising the amino
acid seguence set forth in SEQ D NQO: 18, and a CDR3 comprising the ammo acid sequence set

forth in SEQ 1D NO: 19, Those of skill in the art may use methods available to make the

11
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antibody more compatible for use and activity in chickens or to generate any of the antibody
variants known to those of skill in the art, including but not limited to bispecific antibodies,
diabodies, Hnear antibodies, nanobodies, Fab, Fab’, Flab, Fv or seFv. Thus the methods and
compositions described herein include the antibodies or portions thereof which are antigen-
binding fragments of the antibodies. Suitably the portions of the antibodies include the indicated
CDR regions and maintain the affinity for their target, CD40, and also maintain the ability o
ligate the CD40 receptor subunits (which is required for the agomistic bivactivity) and induce
CD40 signaling when bound to CD40 on an antigen-presenting cell.

Siumilarly antibodies directed to CD40 of other animals can begenerated and used in the
methods and compositions described herein. For example anti-CD40 antibodies directed to
turkey, bovine, porcine, goats, sheep, fish, dogs, cats, or other domesticated animals can be
generated and used n the methods and compositions described herem. See SEQ 1D KO: 54-56.
These antibodies can be made i animals such as mice or rabbuts and then modified to make
them more compatible for vse m the methods m the animal for which they are specific, 1. the
antibodies can have the constant regions swapped out for those of the target animal.
Alternatively phage display or other recombinant systems way be used to generate CD40
antibodies. In addition, CD40 antibodies and agonisitic CD40 antibodies are conunercially
available for several species, in particular mouse and human, An antibody is agonistic for CD40
if it is capable of inducing signalmg within the target cell expressing CD40. The signalling via
D40 results in increased expression of CD40 and TRNF receptors ot the surface of the antigen-
presenting cells and induces production of reactive oxygen species and nitric oxade, and B cell
activation leading to isotvpe switching. Thus the mventors believe the agonistic etfects of the
140 antibody are at least partially responsible for the large amount of IgG and IgA produced
very quickly after immunization with the CD40 antibody complexes described herein.

The CD40 antibodies provided heretn may be made from hybridoma cells, purified from
ascites fluid or from cells genetically engineered 1o express the antibody. Those of skill in the arnt
will appreciate that there ave a wide variety of wavs available to generate an antibody. The
antibody can be linked with a hinker motety directly to an antigen or may be linked 1o a second
antibody capable of specifically binding to a microrganism, such as a virus, bacterivm, yeast, or
single celled parasite or protist. The microorganism may be inactivated or killed by any means

known to those of skill in the art but woukl mclude heat killing, paraformaldehyde killing, use of

12



16

20

]
th

30

WO 2015/187969 PCT/US2015/034229

antibiotics or alcohol. The linker can be a peptide linker {Z.¢. in a fusion protein) to link a
peptide antigen to an antibody or a may be a non-peptide covalent or non-covalent bond or other
chemical Hnker or may rely on a receptor-ligand interaction. in the Examples, the antibodies are
labeled with biotin and streptavidin is used as the linker molety. An N-hvdroxysuccininude
linker or a thioester hinker may be used. Other means of hinking the antibodies to an antigen,
pathogen or part thereof are available.

The CD40 agonisitic antibodies are used in adjuvant compositions and vaccines as
described m the examples and appended claims. {n one embodiment, an adjavant composition
comprising at least one first CD40 agonistic antibody or portion thereot comprising at least two
Fab regions capable of specifically binding CD40 and mducing CD40 signaling, at least one
second antibody or portion thereof comprising at least two Fab regions capable of specifically
bindmg a microorganism, at least one fabel attached to the at least one first CD40 agonistic
antibody or portion thereof, at least one label attached to the at least one second antibody or
portion thereof, and a hoker motety capable of specifically binding to the labels attached to the
antihodies. The first CD40 agonistic antibody and the second antibody are bound to the linker
moiety to form a complex, which is also referred to as the CD40 antibody-second antibody
complex.

The second antibody in some of the adjuvants deseribed herein is an antibody capable of
specifically binding to a microorganism. The anttbody may bind specifically to an antigen or
epitope present on the surface of the microorganism. The microorganisim niay be a virus,
bacteria, veast, or protists. The nueroorganism may be a pathogen, such as Influenza or a
bacterial pathogen or a vaccine vector such as a bacterial or viral vaccine vector. The bacterial
pathogen may be a pathogen prone 1o genetic variation of prone {0 generate gscape variations
when under selective pressure and the antibady could be diwected to a conserved epitope to allow
for autologous pathogen fragments to be combined with the CD40 antibody to provide rapid
vacomation in response to an emergent pathogen. The serotvpe of the microorganism nead not
be known if the antibody binds specifically to another epitope available on the sutace of the
microorganism. For example, the second antibody may be specific for a pan-expressed antigen
such as M2e for Influenza and the antibody would bind to M2e expressed on the surface of
mactivated Influenza virus particles in an Influenza virus vaceme to adjuvate the Influenza

vaceine by combination with the CD40 antibody. Other bactenia or viruses for which the second
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antibody may be specific include but are not limued to infleenza virus, Salnonelia, Clostridium,
Campylobacter, Escherichia, Shigella, Helicobucter, Vibrio, Plesiomonas, Edwardia, Klehxiella,
Staphyviococens, Streplococens, Aeromanas, Foot and Mouth virus, porcine epidemic diarchea
virus (PEDv), and Porcine reproductive and respiratory syndrome viras (PRRSV). For example,
the antigens or bacterial vaccine vectors identified in US Patent No. 8,604,198, International
Publication Nos. WO2009/059018, WO20009/039208, WOR01 17091255, WO2011/156619,
WO2014070709, WO 2014/127185 or WO 2014/152508. Several peptides to which the second
anttbody may bind specifically include, but are not himited to those i SEQ 1D NO: 25-533 or 57-
58, SEQ ID NO: 58 was the target for the second antibody used in the Examples.

The adjuvants comprising CD40 antibody provided herein may be used as vaccines or as
an adjuvant for use in combination with known vaceines. Combination of the adjuvants
described bherein with a known vaccine can substitute for another adjuvant or be used
conjunction with an established vaccine ® increase the systemic immune response, mcrease the
rapidity of the development of the immune response or allow for production of a mucosal
mmune response to the vaccing. Vaccines may also be made by combining the adjuvant
composition {including the CD40 antibody-second antibody complex) by binding the second
antibody to a microorganism to produce a novel vaccine. These novel, non-recombinant
vaccines can be made guickly afier the cauge of an infectious outbreak is identified and do not
require that the causative agent is charactenized or isolated to produce an effective vaccine. The
vaccings are ingxpensive to produce and can be made from sources of the infections agent
{mucroorganism) such as allantoire fluaid with little or no purification of the nueroorgamsm. The
microorganism may be Influenza virus, any of the microorgamsims specifically recited herein or
any other microorganism for which a vaccine is needed. For oral administration the vaccine
meluding the CD40 adjuvants desoribed herein may be included m a protective coating such as
alginate spheves. The adjuvants may alse be produced using the genetic engineering constructs
provided herem such that the vaceine is produced by the cells and may be fed o the subject. For
example, cells of a plant, yeast or alga could be genetically engineered to produce an edible
vaccine, capable of surviving in the gastrointentmal tract of the subject.

In an alternative embodiment, the CD40 antibody is linked to an antigen by a linker
moiety sach as the Closiridium perfringens a-toxin used m the Examples. See SEQ 1D NQOs: 59-

83. Anv other antigens known to stimulate an immune response may be used similarly. The
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antigen may be linked via a peptide Hnkage to fonm a fusion protein between the antibody and
the antigen or may be chemically linked either covalently or non-covalently through a linker
moiety as described above.

The adjuvanis and vaccines described herein may be used to make pharmaceutical
compositions. Pharmacentical compositions comprising the adjuvants and vaccines described
above and a pharmaceutically accepiable carrier are provided. A pharmaceuntically acceptable
carnier is any camier suitable for in vivo admimistration. Examples of pharmacentically
acceptable carrters suitable for use in the composition include, but are not lunited o, water,
buffered solutions, glucose solutions, otl-based or bactenal cohure Hoids, Additional
components of the compositions may suitably include, for example, excipients such as
stabilizers, preservatives, diluents, emulsifiers and lubricants. Examples of pharmaceutically
acceptable carriers or diluents inchude stabilizers such as carbohwdrates {e.g., sorbitol, mannitol,
starch, sucrose, glucose, and dextran), proteins such as atbumin or casein, protein-containing
agents such as bovine serum or skimmed milk and baffers {e.g., phosphate buffer). Especially
when such stabilizers are added to the compositions, the composition is saitable for freeze-drving
or spray-drying. The composition may also be emulsified.

The adjuvants and vaccines may be admimstered in combination with other vaccines
any order, at the same time or as part of a wnitary composition. The compositions may be
administered such that one is admumnistered before the other with a difference m adounistration
time of 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 16 hours, 20 hours, 1 day, 2 days, 4 days, 7
days, 2 weeks, 4 weeks or more.

Treating a subject as used herein refers to any type of treatment that inparts a benefit to a
subject affticted with a disease or at risk of developing the disease, inclading mprovement in the
condition of the subject {e.g., in one or more symptoms), reduction i mortality, reduction in
morbidity including weight loss or feed conversion rate, delayv in the progression of the disease,
delay the onset of symptoms or Hmiting the severity of symptoms, etc. The treatment may be
due to an mcrease or enhancement of the imrmune respouse to an orgamism in the subject. The
INIUNEe response i response to adminstration of the vaceine or adjuvant may be an increased
humaoral or cell-mediated mune response directed to the target antigen or MiCroorganism.

Methods of enhancing immume responses in a sabject by adnumistering to the subject the

vaccines described herem in an effective amount to enhance the inmune response to the antigen
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are provided. The immune response that s enhanced may melude a T cell or B cell response.
Suitably the enhanced immane response allows class switching such that IgG and slgA directed
to the antigen, microorganism or vaccine vector is generated. A single dose of the vaccine can
induce a robust immune response within a short period of time.  Suitably an enhanced mmmune
response 1s measurable after seven days. In particular a strong 1gA response can be generated
this short time span.

An effective amount or a therapentically effective amount as used herein means the
amount of the adjuvant or vaccine that, when administered to a subject for treating a state,
disorder or condition is sufficient to effect a treatment {such as an enhanced immune response).
The effective amount will vary depending on the exact composition and #s formulation, the
disease or pathogen being targeted by the vaccing and its seventy and the age, weaight, phvsical
condition and responsiveness of the sabject to be treated.

The compositions described herein may be administered by any means known ¢ those
skitled in the art, mcloading, but not himited to, mucosal, oral, topical, mtranasal, intraperitoneal,
parenteral, intravenous, intramuscular, subcutaneous, intrathecal, transcutaneous,
nasopharyngeal, cloacal, ocular, or transmucosal absorption. Thus the compositions may be
formulated as an ingestible, injectable, topical or suppository fonmulation. Admipistration via
the mucosal rounte includes oral via the drinking water, via spraying the birds, or via inclusion m
or on the feed. Also included are cloacal, nasal, or oral gavage. The compeositions may also be
delivered with in a liposomal or time-release vehicie or encased within alginate spheres.
Administration of the compositions 10 a subject m accordance with the invention appears 1o
exhibit beneficial effects m & dose-dependent manner. Thus, within broad limits, admunistration
of larger quantities of the compositions i3 expected to achieve increased mmune responsiveness
up o an optimal dose. In general once an optimal dose is achieved further increases in
admnistration produce no advantage m terms of response. Moreover, efficacy 1s also
contemplated at dosages below the level at which toxicity or adverse responses are seen.

It will be appreciated that the specific dosage administered in any given case will be
adjusted 1 accordance wath the compositions being adnumistered, the condition of the subject,
and other relevant medical factors that may modify the activity of the compositions or the
response of the subject, as is well known by those skilled m the art. For example, the specific

dose for a particular subject depends on age, body weight, general state of health, diet, the timing
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and mode of administration, the rate of excretion, and medicaments used in combination.
Dosages for a given patient can be determined using conventional considerations, e.g., by
customary comparison of the differential activities of the compositions of the invention and of a
known agent such as a vaccine not combined with the anti-CD40 based adjuvant described
herein, such as by means of an appropriate conventional pharmacological or prophylactic
protocel.

The maximal dosage for a subject 1s the highest dosage that does not cause undesirable or
intolerable side effects. The number of variables in regard to an individual regimen 1s large, and
a considerable range of doses i expected. The route of administration will also impact the
dosage requirements. |t is specificallv contemplated that phanmaceutical preparations and
compositions may palliate or alleviate symptons of the disease, Le. lead 1o reduced severity if
exposed to the pathogen or reduced morbidity or mortality alter exposure or may prevent the
subiject from contracting a disease after subsequent exposure to the pathogen for which the

faccine or antigen was specific.

Suitable effective dosage amounts for administering the compositions may be determined
by those of skill in the art, but typically range from about 1 microgram to about 1,000
micrograms per kilogram of body weight or per dose, although they are typically about 10 to 100
micrograms or less per kilogram of body weight or per dose. In general, a single dose s
administered and is effective to mduce an immune response. In some cases the mitial dose 1s
followed by a boost, which may be with the same or g distinct composition provided at least two
weeks after the first administration. The boost may be admnunistered 2-6, 2-4, or optionally 2-3
weeks afier the initial dose.

Although the conseguence of phylogenetic separation of chickens from the reptile
ancestor of mammals was about 300 million vears ago, chickens are also endowed with a
sophisticated mucosal immune systemn mcloding a series of redondant protective mechamsms,
Chickens lack encapsulated lvmph nodes such as are found in manumals, but rather possess
diffuse lymphowd tssues. Chickens were used as a model system in the Examples, but the
methods used in chickens are expected to elicit similar immune responses m mammals and i
particular in other domesticated animals and bumans. Mucosal immune responses are most
efficiently induced when the antigen i3 delivered directly onto mucosal sites throngh mucosal

routes. Mucosal immune sites are interconnectad by a common mucosal immune system (CMIS)

17



3
[

30

WO 2015/187969 PCT/US2015/034229

whereby stimulation of an Mndfictive site {(where the inunune response mitiated), the resulting

immune response to be disseminated to the distal effector sites of the mucosa.

Constructs for production of a vaccine composition comprising a first polynucleotide
encading an ang-CD40 agonistic antibody operably connected to a promoter to allow for
expression of the anti-CD40 agonistic antibody are alse provided herein.  The anti-CD40
anttbody comprises a beavy chain which includes CDRI1 (SEQ 1D KO- S or 28), CDR2 (SEQ ID
NO: 6 or 21) and CDR3 (SEQ ID NO: 7 or 223 and a light chain which includes CDR 1 (SEQ D
NO: S or 17), CDR 2 (SEQ D NO: 9 or 18} and CDR3 (SEQ 1D NO: 10 or 19}, The remaming
portions of the antibody may be those of SEQ 1D NGO 2 and SEQ ID NO: 4 or may be
engineered to be more compatible with the host, e the chicken, soch that administration of the
adjuvants and vaccines does not elicit ap imnume response targeted against the mouse portions
of the antibody. Altematively other constructs can be made such as a single chamn variable
fragment {scFv) as shown in SEQ ID NO: 14, Methods of engmeering antibodies are available
to those of skill in the art and include other antigen-binding devivatives of the antibodies
described heremn based on the CDR regions provided above, including but sot limited to, seFVs,
single domain antibodies, nanobodies, chimeric antigen receptors, diabodies and other bi- or

multi-specific antibodies.

The antibody may be further engineerad to wmake the constroct more useful.  The
promoter niay be a constitutive promoter or an inducible promeoter to generate farge amounts of
antibody within a small time frame. The first polynucleotide may be engineered to contain a
secretory signal such that the polypeptide eacoded by the polyaucleotide is secreted from the
cells. The first polynucleotide may be labeled with a detectable label or a label that makes
isolation or purification of the polypeptide straightforward. Labels include fluorescent labels, or
protein tags such as a His tag. See SEQ 1D NO: 23-24. The construct may contain a multi-
cloning site to niake farther genetic engineering or addition of a second polynucleotide encoding
an antigen straightforward. The second pelynucieotide may be Huoked in frame with the first
polynacieotide 1o generate a fusion protein comtaining both the UD40 antibody and the antigen.
As noted above, antigens for incorporation in the construct mchude but ave not limited to those
disclosed m US Patent No. 8604198 Imternational Publication Nos. WO2009/059018§,
WO2009/059298, WO2011/091255, WO2011/156619, WO2014070709, WO2014/127185 or
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WO2014/152508 and those provided in SEQ 1D NO: 25-33 and §7-83. Cells comprising the
constructs are also provided. The cells may be bacterial, veast, algal, plant or mammahian cells
capable of expressing the polynucleotides generating the polypeptides and compositions

described herein.

Methods of epitope mapping are also provided herem. The methods provided herein
allow rapid identification of potential binear B cell epttopes within a polypeptide/protem of
miterest and can be applied to any proteinaceous target. The methods rely on linkage of peptides
of &-20 amino acids from the polypeptide to a CD40 antibody. Suitably the peptides are made
synthetically and linked via a linker moiety to the CD40 antibody © create a CD40 antibody-
peptide complex.  This step avoids the need for any recombinant biology to generate the
antigens. Syathetic peptides may be prepared using methods known to those of skill in the ant
and may be made by commercial vendors. The synthetic peptides may be labeled to provide a
simple means of complexing the peptides to the CD40 antibody.  For example the CD40
antibody and the peptide may be biotinviated and then streptavidin or gvidin may be used to fink
the CD4O antibody {o the peptides. Other means of attaching peptides to a CD40 antibody via a
linker moiety are provided above. The peptides may be generated soch that they span an entire
polypeptide or may be selected to focus on arcas within the polypeptide that are likely to contam
a B cell epitope. See Example and SEQ 1D NQOs:59-83. These peptides are generally soluble in
water and polar. Computer programs for prediciing B cell epitopes in polypeptides are available

and may be used in conjunction with the methods described berein.

The CD40 antibody-peptide complex once generated is then administered 10 a subject and
after a period of time that mav be as short as 5-7 days, sera are collected from the subject and
tested for the presence of antibodies able to recognize the full-length native polypeptide or
portions thereof. Peptides capable of producing antibodies to the polypeptide are identified as
antigenic epitopes. The sera may be tested using any method available to those of skl in the art,
weluding, but not lumited to ELISA assay, Western blot, immunofluorescence, FACS analvsis or
a functional protein assay. Functional protein assays include neatrahzation or agonist assays. A
neutralization assay tests for the ability of the sera to block function of the native protemn. An
agonist assay tests for the abihity of the antibodies in the sera 1o bind to and activate the protein’s

function. The sera and antibodies capable of binding or otherwise performing in the assays are

19



20

[
146

WO 2015/187969 PCT/US2015/034229

mdicative of antigenic epitopes. These wdentified antigenic epitopes may be used to develop a
vaceine or to develop an antibody specific for the polvpeptide as a whole. A protein can be
epitope mapped using this technique in a few weeks and this can be done in 3 test subject rather
than in mice. For example, chickens mav be used as the subject. Traditionally this process has
taken more than one month and repeated boosts 1o generate a robust immune response for fn

Vilro testing.

The present disclosure is not linted to the specific details of constraction, arrangement
of components, or method steps set forth herein. The compostiions and methods disclosed herein
are capable of being made, practiced, used, carried out and/or formed in varions ways that will
be apparent to one of skill in the art in ght of the disclosure that follows. The phraseology and
ternunology used beretn s for the purpose of description only and should not be regarded as
limiting 10 the scope of the claims. Ordingl indicators, such as first, second, and third, as used m
the description and the claims 1o refer 10 vartous structores or method steps, are not meant to be
construed to indicate any specific structures or steps, or any particular order or configuration to
such structares or steps. Al methods described herein can be performed in any suitable order
unless otherwise mdicated herein or otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language provided herein, is intended merely to facihitate the
disclosure and does not necessarily maply any limutation on the scope of the disclosure unless
otherwise claimed. No language in the specification, and no structures shown in the drawings,
should be construed as indicating that any non~claimed element 1s essential to the practice of the
disclosed subject matter. The use herein of the terms “inclading,” “comprising,” or “having,”
and variations thereof, 1s meant to encompass the elements listed thereafter and equovalents
thereof, as well as additional elements. Embodiments recited as “including,” “comprising,” or
“having” certain elements are also contemplated as “consisting essentially of” and “consisting

of” those certain elements.

Recitation of ranges of values herein are merely intended to serve as a shorthand method
of referring individually to each separate value falling within the range, unless otherwise
mdicated herein, and each separate value 18 incorporated nto the specification as it were

tadividually recited berein. For example, 1f a concentration range is stated as 1% to 50%, it s

intended that values such as 2% to 40%, 10% to 30%, or 19 to 3%, etc., are expressly
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enumerated in tus specification. These are only examples of what is specifically intended, and
all possible combinations of numerical values between and clading the lowest value and the
highest value enumerated are to be considered to be expressly stated m this disclosure. Use of
the word “about” to describe a particular recited amount or range of amounts is meant to indicate
that values very near to the recited amount are included i that amount, such as valees that coald
or naturally would be accounted for due to manufacturing tolerances, instrument and humaa
ervor in forming measwements, and the like. All percentages referring to amounts are by weight

uniess mdicated otherwise.

No admission is made that any reference, including any non-patent or patent document
cited in this specification, constitutes prior art. In particular, 1t will be understood that, unless
otherwise stated, reference to any document heretn does not constifute an adnussion that any of
these documents forms part of the common general knowledge 1 the art in the United States or
in any other country. Any discussion of the references states what their anthors assert, and the
applicant reserves the right to challenge the accuracy and pertinence of any of the documents
cited heremn. Al references cited herein are fully incorporated by reference, unless explicily
wmdicated otherwise. The present disclosure shall control in the event there are any disparities
between any definitions and/or description found in the cited references.

The followng examples are meant only to be Hustrative and are not meant as hmitations
on the scope of the invention or of the appended claims.

EXAMPLES
Example 1: Generation and use of Chicken CD40 antibodies to induce IgA to peptides
Materials and methods
Anti-cC D40 monoclondd antibody (designated as 25}

Qur lab has previousty reported the developroent of an agonistic anti-cCD40 Mab,
designated as 2C5 {Chen er of., 20106 Development and Comparative Imnuunology 34: 1139-
1143}, Mab 203 was made against the recombinant exiracellular domain of cCDAG {cCD40:,),
{recombinant cCD40 obtained from CVM-VTPB). This Mab recognized and bond to CD40 as
expressed on primary chicken B-cells and macrophages, DT40 B-cells, and HD11 macrophages.
Mab 203 also mduoced NO production s HD11 macrophages, and stimulated DT40 B-cell

proliferation (Chen et al., 2010b). These results demonstrated that 2C35 induces downstream
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{40 signaling after binding to CD40 and is thus agonistic. Mab 2C3 mapnicked at the very
least partinlly the functions of the chicken’s natural CD40 ligand, CD1IS4. Cheneral (20121
Immunol Methods 378: 116-120) also reported that targeting an antigen to chicken CD40™ APCs
can significantly enhance antigen-specific circulatory 1gG responses and thus induce fast
immuneglobulin isotype-switching (Chen e ¢, 2012).

Streptavidin-mediated complexing of peptide to mouse antibody

The anti-CD40 Mab-peptide complex (designated as “Mab 2CSpeptide complex™) and
control complexes {where non-specific MigG was substituted for anti-cCD40 Mab 2C35) were
prepared essentially as desertbed previousty (Chen er of |, 2012). Briefly, anti-chicken CD40 Mab
205 {(SEQ ID NO: 2 and 4) and non-specific control mouse immunoglobulim (Mlg) were
divectionally biotinylated by dertvatization of the carbohydrate moieties on the Fe fragment,
Biotinylation and retention of cCD40-bunding capacity were verified by enzyme-linked
tmmunosorbent assay (ELISA results not shown). A synthetic amino-terminally biotinylated
peptide {(b-NAWSKEYARGFAKTGK, SEQ ID NO: 573 and streptavidin {SA) were used in a
stoichiometrically controlled complexing reaction of the blotinylated peptide with biotinylated
2CS for Mlg) in a ratio of 1 SA melecale to 2 peptide molecules and 2 immunoglobulin
molecules (Fig. 1)

However, because an immunoglobulin-peptide complex s likely susceptible to the
enzymatic and acidie pH environment of the gastromntestinal tract, protective encapsulation of the
unmunoglobulin-peptide complex m an alginate matrix was considered a logical precantion
when oral admimstration was required. Alginate encapsulation is a viable approach for oral
delivery of antigens, and the entrapped functional immunoglobulin-peptide complex m fine
alginate spheres can be safely delivered to the appropriate site, (such as the Peyer’s patches),
despite the harsh gastromntestinal environment that would likely degrade any non-protected
protein (Desat and Schwendeman, 2013, J of Controlled Release 1657 62-74). For this study,
encapsulation of Mab 2CS-peptide complex and Mig-peptide complex in alginate spheres was
performed essentially as reported by Park and colleagues (Bowersock et o, 1999, Vaccine
171804181 1) wath minor modifications. To prepare Mab 2CS-peptide or non-specific Mig-
peptide complex i the form of alginate-protected particles, the molecular complex was freshly
produced and then gently mixed with 3% (w/v) sodium algmate (Sigma-Aldnich, St Louis, MO)

in phosphate buffered saline (PBS), pH 7.4, 10 obtain a homogeneous selution. The resulting
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solution was then extruded drop-wise through a 23-gauge needle attached to a Iml plastic
syringe mto 3% (w/v) CaCl; solution with gentle stirring for 30 minutes at room temperature.
(ielified alginate spheres were separated from the CaCl; solution by centrifugation at 3,000g for
10 minutes at 4°C and were further washed three times with PBS, pH 7.4, To reduce the porosity
of the alginate spheres, they were stabilized by coating them in 0.3% {w/v) poly-L-lysine
solution with geatle stirring for 30 minutes at room temperature. Polyv-L-lysine coated alginate
spheres were then washed three times with PBS, pH 7.4, These alginate spheres could be stored
at 4°C until use. On the day of use, the alginate spheres were mechanically fragmented using an
IKA®R T10 basic ultra turrax homogemzer (Sigma-Aldrich) to form a sospension of smaller
microspheres prior to oral administration of the suspension. The morphological characteristics of
the alginate spheres were microscopically verified using a hemocviometer. The mean size of the
alginate spheres prior to fragmentation was around 1 3mm in diameter, and the drameter of
{fragmented) algingte mucrospheres m suspension ranged from 10 10 100um,
Imenunization of chickens with Mab 2CS-pepitde complex in solution or s gleinafe-encaopsulated
Mab 2C3-pepride complex microsphere suspension

Four-week old male Leghorns were randomly assigned to different groaps (n=16/group).
Non-encapsulated Mab 2C5-peptide complex {or “blimd”, non-specific Mlg-pepuide complex,
used as negative contrel) solution in PBS {pH=7 4}, was used for immunization via subcutaneous
{s.c.) injection, via cloacal drinking {bursal route), and via intraocular drop {oculo-nasal route)
administration. For s.c. injection, S0pg Mab 2C5-peptide ¢ Mig-peptide complex in a volume of
0.5mi. emulsified PBS {comtaming 3% (v} squalene and 04% (v/v} Tween 80 (Sigma-
Aldrich), pH=7.4} was mjected w the nape of the neck of each chicken, For cloacal drinking,
S0ug Mab 2C5-peptide ¢ Mig-peptide complex 1o a volume of 130ul. PBS was admimstrated by
dropping the immunogen solution onto the cloacal lips of chickens using a P200 pipette. For
mtraocnlar inununization, S0ug 2CS-peptide / Mlg-peptide complex in a volume of 40ul. PBS
was administered as eye drops in both eves of the chickens. For oral immunization with alginate
sphere suspension, the mmmunogen was gently dropped into the oral cavity of the restrained
chickens wuntld they spontaneously swallowed 1t Algmate suspension contaimng SOpg 2CS
peptide complex 1 a volune of 2mL PBS, pH 74, using a pasteur pipette was administered to
each of the 16 chickens. Chickens thai received the mmmunogen through cloacal or oral

administration were fasted 24 hours prior to immunization to prevent the wmunogen from being
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regurgitated or expelled. The conditions for animal use in this study were approved by the
Institutional Animal Care and Use Commuitiee of Texas A&M University, in accordance with the
guidelines of the American Association for Laboratory Animal Science.
Quantification of peptide-specific serum IgG in by ELISA

Levels of peptide-specific Igls in circulation were determmed by ELISA essentially as
described previously (Chen ef af., 2012). Briefly, biotinyiated-peptide was first complexed with
coat anti-biotin antibody {Thermo Scientific} on a rotator at 37°C for one hour in equimolay
ratios. Next, the peptide~-goat antibody complex (Sug/mlb) was coated overnight on flat-bottom,
96-well microtiter plates {Thermo Scientific) m 0.05M carbonate-bicarbonate buffer, pH 9.6, at
4°C. Excess unadsorbed peptide-goat antibody complex was removed by rinsing the plates, and
then they were blocked with PBS containing 5% (w/v) bovine serum albumin (BSA) {Rockland
Immmochemicals Inc., Gitberisville, PA) for one hour at 37°C. Peptide coated wells were
washed with PBS containing 0.2% (v/v) Tween 20 (SIGMA) (PBST) and then incubated with
chicken serum samples diluted {1:100) in PBST containing 3% (w/v) BSA overnight at 4°C. The
plates were then washed as described above and incubated with horseradish peroxadase-
conjugated rabbit anti-chicken Ig¥ (H+L) (Thermo Scientific) diluted (1:12,000) in PBST
contamng 3% (w/v) BSA for one hour at room temperature. Isotype-specific rabbit anti-chicken
IgY was used to avoid potential cross-reactions with IgM. The color reaction was developed
using OptEIA™ TMB substrate {BD) according to manufacturer’s instructions. The reaction was
terminated by addition of IN sulfuric acid. Absorbances at 430 mm {Agse) were measured i a

Wallac plate reader (Perkinblmer Inc,, Waltham, MA).

The presence of peptide-specific Ig( was deternuned by relating the mean Ags, value of
gach serum sample 1o that of a positive control serum sample (dituted at 1:100), which was used
as the mternal standard on all plates, to allow comparison of titers across plates and experiments,
but within isotype. The relstive levels of peptide-specific Igl in all serum samples were
determined and normalized by calculating the sample to positive (S/P) ratio as follows: §/P value
= {Sample mean - negative control mean)( Positive control serum mean - nepative control
mean}. The effect of specitically targeting the peptide to ¢CD40 {as opposed to incorporating it
m a non-specific antibody complex) was estimated by using the following calculation: Mab 2(5

{S/PY mims Mg (5/P). Student’s t-test was used to determine significant differences in means of
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S/P values between treatments across all groups, and S/P values of the Mig-peptide complex
groap were used as baseline. All data were analvzed and generated usmg IMP® version 9

software (SAS Institute Inc., Cary, NC}. Statistical significance was determined at P < .03,

g

Cuaniification of peptide-specific tracheal slgd by KLISA

Levels of peptide-specific slgA in tracheal mucosa samples were determined by ELISA.
Eight chickens from each groop were sacrificed at either seven or 14 days post immunization
{p.i.}, and the tracheal mucosa sample from cach chick was collected by preparing a tracheat
wash as follows. In order to avoid blood contamination of the wachea, every chicken was
guthanized usig a CO; chamber, The trachea was exposed aseptically at the pharvnges! region,
and a l~om segment of trachea was collected, weighed, and then tmnsferred w0 a 2-ml
microcentrifuge tube. The trachea was suspended m cold PBST {137mM NaCl, 2.7mM KO,
10mM NayHPOg, 2mM KHzPO, and 0.5% Tween 20 {v/v)] comaining Halt™ Protease and
Phosphatase Inhibitor (Thermo Fisher Scientific Inc., Barrington, L}, 0.1% {w/v) thimerosal,
and 3% (w/v) BSA. To maximize the extraction efficiency of tracheal IgA, 1mL PBST was
added per 100wy trachea sample weight. The tracheal mucosa was sloughed off from the mner
liner of the trachea by vigorously vortexing for 30 seconds. The tube was centrifuged at 5,000vg
for 30 mingtes at 4°C, and the sapernatant was collected and frozen at ~20°C until use.

The detection of sigA in the mucosal extracts was performed as follows. Biotinylated
peptide (b-NAWSKEYARGFAKTGK,;, SEQ 1D NO: 57) was mcubated with goat anti-biotin
antihody (Thermo Fisher Scientific Inc.) on a rotator at 37°C for one hour. Flat-bottom, 96-well
nucrotiter plates {Thermo Fisher Scientific Inc.) were coated with peptide-goat antibody complex
{Sug/ml} in 0.05M carbonate-bicarbonate baffer, pH 9.6 (SIGMA), overnight at 4°C. Excess
peptide-goat antibody complex was removed, and plates were blocked with PBS, pH 74
contamimyg 3% (w/v) bovine seram albwmn (BSA) {(Rockland bwmunochenucals Inc
Gilbertsville, PA) overnight at 4°C. Peptide- coated wells were washed with PBST and then
mcubated with chicken tracheal IgA samples (dilated 1o 1:100) i PBST containimg 3% {wiv)
BSA overnight at 4°C. The plates were then washed as described above and incubated with
horseradish peroxidase-conjugated goat anti-chicken 1gA (Thermo Fisher Scientific Inc.) dituted
{1:10,000) in PBST containing 3% (w/v} BSA for one hour at roon: temperature. Isotype-specific

coat anti-chicken IgA was used to gvoid the cross-reaction with other antibody isotypes. The
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color reaction was developed using OptEIA™ TMB substrate (BD, Lakes, NI per the
manufactarer’s instructions, and terminated by addition of IN sulfuric acid. Absorbances at
450mm {Ayse) were measured 1 a Wallac plate reader (PerkinElmer Inc., Waltham, MA). The
presence of peptide-specific IgA was determuned by relating the mean {Ause)value of each
tracheal IgA sample to that of a positive control IgA sample wsed as wternal standard (1:100).
The relative levels of peptide-specific {gA in all tracheal samples were determined and
normalized by calculating the sample to positive (S/P) ratio as explained sbove for IgG.
Student’s t-test was used to determune significant differences m means of S/ values between
treatments across all groups, and S/P valoes of the Mlg-peptide complex group were used as
baseline. All data were analvzed and generated using IMP®E version 9 software (SAS Institute
inc., Cary, NC). Statistical significance was determined at £ < 0.05.
Results
Antibody responses gfter g single parventeral (.o} Inpnunization with ami-CIMO-guided peptide
complex vy, non-specific, “Plind™ peptide complex

To evaluate the effect of parenteral immunization of anti-CD40-guided Mab 2CS5-peptide
complex on specitic systentic and mucosal antibody responses, groups of five-week old male
Leghoms received a single s.¢ immunization with 50 pg Mab 2CS-peptide complex, and thew
responses were compared 1o those obtained with a “blind” non-specific Mlig-peptide complex
that served as the negative control, Trachea and plasma samples were collected from all
nununized chickens at day 7 and 14 p.i., and peptide-specific {pA and G immune responses
were assessed by ELISA. As shown m Fig. 2A, a single s.¢. wjection of Mab 2C5-peptide
complex mduced peptide~specific circulatory 1gG antibody responses that were significantly
higher than those obtamed with non-specific Mig-peptide controls at 7 (F<0,001) and 14 days
{P<0.001) p.1.. Peptide-specific sigA mmune responses were also significantly enhanced on day
7 {(F<0.001) and 13 (P<0.03) p.i. by targeting the immunogen to CD40 expressed on the chicken
APCs (Fig. 2B). While we observed statistically significantly increased IgG and slgA immune
responses compared to controls on day 14 p.i, the major imnune-eshancement was clearly
observed on day 7 pi. The same effect can also be observed on the overview graph of all

antibody responses shown in Fig. 4 and Fig. 8,
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Antibody responses after o single mucosal mmunization with anit-CD40-guided peptide complex

vy, non-specific Mgl peptide complex
The potential immune-enhancing effect of the anti-CD40 Mab 2C5-peptide complex was
also evaluated by administration of the immunogen via three different mucosal induction sites 1o
S the birds, each time using “bhnd” non-specific Mig-peptide complex ag the negative control.
Groups of five-week old male Leghorns were administrated a single Mab 2C5-peptide complex
dose {50 gg) via one of the following mucosal routes: oculo-nasal {eye drops), cloacal-drinking
{drops on the lips of the vent), and oral administration. The oral route was not administered by
gavage mto the stomach (which would bypass the esophagus and the crop) but active drinking of
16 the immunogen solution. Trachea and plasma samples were collected 7 and 14 days p.i and
antibody responses were measured as described previously for the s, administration route. The
resalts obtained from different mucosal rowts of administration showed that 2CS-pepude
complex induced similar antibody response patterns of IgG (Fig. 3) and sigA (Fig. 4) for each of
the different rontes. Antigen directly delivered to mucosal inductive sites via all three mucosal
15 routes mduced significant peptide-specific systemic k(G immume responses from days 7 pi
{£<0.001) onward through day 14 p.i. (oculo-nasal: P<0.001; oral: P<0.01; cloacal-drinking:
#<0.08) compared to Mlg-peptide copwrol (Fig. 3). Fig. 4 shows that anti-CD40-guided Mab
2C5-peptide complex was also able to induce significant peptide specific slgA responses through
all three tested niucosal roptes at davs 7 p.i {oculo-nasal: P<0.001; oral: P<0.01, cloacal-
20 drinking: #<0.01) but those IgA responses clearly dechined by day 14 pi. {ocule-nasall non-
significant; orall F<0.01, cloacal-drinking: #<0.01) compared with Mlg-peptide complex.
Notably, mucosal administration of “blind” Mig-peptide complex tlwough different routes also
seemed to shightly numerically increase peptide-specific systenue IgG responses, and also the

mucosat slgA response but only after oculo-nasal admmisiration.

2
14

Cederdation of the set immnmo-ephancing effect of amti-CR0- worgeting through different rowses
of adminisiration

The above results allow us to assess the net unmunc-enhancing effect of targeting a
peptide to CD40° APCs, as opposed to incorporation of the same peptide in a non-specific,
“blind™ protein complex. For this purpose, the mummmo-enhancing effect was defined as:

30 [average (5P} value of anti-CD40-guided complex) from which was subtracted [average (§/P)
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value of administration of “blind™ complex]. This adpavant effect was compared between

administration routes {(4) and time points (2).

As shown n Fig. 5A, s, administration of 2C5-peptide complex generated by far the
most robust systemic [gG immune response achieved by CD40 targeting at day 7 p.i.. However,
the level of magnitude of this enhancement was not sustained and dechined to less than half of
the oviginal value by day 14 p.a. (1371 . 0.497). Although the net Iglh effect of CD40 targeting
through s, administration had dechined by day 14 p.i, the net effect on svstemic peptide-
spectfic lgG levels was still lugher than that obtained with any of the other mucosal routes, at
any other time. The three mucosal administration routes posted samilar but low net effect on

systemie 1gG responses at days 7 pi. and mederately increased toward day 14 pa. (Fig. 5A).

Surprisingly, s.c. immunization with 2CS-peptide complex induced a net effect of CD40
targeting on the secretion of peptide-specific IgA. The effect of the s.c. administration on
specific IgA levels was stnular i magnitude to that of the three different mucosal voutes at day 7
p.t. (Fig. 3B} The net effect of CD4) targeting on peptide~specific IgA production had dropped
substantially at day 14 p.1. m all routes of admunistration. This conld be partially the result of the
fact that by day 14 p.1, the blind Mlig-peptide complex started stowly mdacing some peptide-

spectfic slgA immune response, which detracts from the net CD40-targeting effect of 205,
Example 2: Production of anti~-chicken CD48 scFy

A single-chain antibody Bbrary (scFv) against chicken CD40 (chCD40) was constructed
by phage display. Briefly, mice were tmmumized with chicken CD40 and splesocoytes were
collected. RNA was extracted and ¢DNA synthesized. The variable light and heavy chains were
amplified using PCR and a scFv was amplified using PCR. The product was ligated into a vecior
and transformed into £ coli. After helper phage rescue the phage were precipitated. An scfy
library size of 3 x 10° wansformants was obtained. The phage library was added to a CD40-
coated ELISA allowed to bind and washed to remove non-specifically bound phage. £ cefi was
added to allow amplification of bound phage and the process was repeated. Three rounds of
panming agamst chicken D40 resalted in a 40% ennchiment of the positive clones, as those

became the donunant population in the library as shown in Table 1 below.
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Table 1. Panning to enrich for anti-CD40 scFv

Round {Iuput Qutput %% Bound {x 16™) Enrichnent
1 72x 10" 57x 100 0,08

2 62x 10" B8&x10° 014 1.75

3 L2xieY 68 x10® 57 40.7

4 7x 1oV 155107 214

% phage bound = {output/inpat) x 100, Enrichment = fold increase of % phage bound compared
to the previous round.

DAGT-displaying phage was then tested in an ELISA agamst ¢CD40 and CD205 and the
results are shown in Figare 9. See SEQ 1D NO: 14, The scFv bound specifically to ¢CD40.
Thus, following three rounds of panning agamst cCDA0, specific, high-affinuy antibodies were
obtained. Soluble anti-cCD40 scFyv designated DAG! (35 KDa) was purified by nickel affinty
chromatography and characterized by immunoblotung. This scFv recognized ¢CD40 in ELISA

as shown in Figure 10,

Cells {DT40 B cells or HD1! macrophages) were fixed on poly-L-lysine coated slides
using 4% paraformaldehvde m PBS, and stained with anti-cCD40 seFv DAGL. The DAGT scFy
was able to speerfically bind to chicken CD40 expressed on chicken DT40 B cells (Fig. H1A)and
chicken HD11 macrophages (Fig. 11B). The ability of DAGI scFv 1o agghutinate DT40 B cells
in vitro was also tested. Cells (2 x 107) were seeded in a V-bottom plate and were incubated
overnight with either 10 pl of bactenial cell culture containing anti-cCD40 scFv (Fig. 12A) or
with PBS (Fig. 12B). Cells incabated with DAGT were agglutinated and formed a network on
the well bottom and sides. Cells mcubated with PBS collected into the V-bottom as shown in

Figare 12,

Nitrie oxide production by HD T macrophages stimulated with serial three-fold dilutions
of purified anti-cCD40 seFv (DAGT) (solid squares), mouse 1G] {solid cirle), or LPS (solid
triangle) was assessed. As shown in Figure 13, ntric oxide production was stimulated 1 a hnear

fashion m HDL chicken macrophages when stimulated with dilutions of DAGT. These activities
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point to the abilty of anti-cCD40 DAGH to mimic the effects of CD40L (CD154), providing the
signals needed 1o induce activation of chicken APCs #r vitro. Such an agomistic ant~-cUD40 scFv
may therefore constitute a powerful tool to study the role of CD44 in the chicken Immune system

or be linked to antigens to induce immune responses.

Example 3: Avian Influenza Adjuvant Complex Testing
Materials & Methods

Monoclonal antibodies were produced agamst the AIV conserved M2e ion channel
domain. Based on previousty published sequences, the M2e conserved peplide sequence of
CEVETPTRN (SEQ ID NQ: 58) was synthesized and nsed to snmumize Balb/c mice
subcutancousty at 30 pg/mouse in RIBI budter, Three boosts of 25 pg/mouse subeotaneousty
were performed at three weeks intervals. Plasna was collected 1-week post each immunization
to screen for peptide-~specitfic IgG response based on ELISA. Once mice were hyper-immunized,
antibody titers plateau, mice were euthanized and splenocytes harvested.

The splenocytes were used for electrofusion with mouse Sp2/0 myeloma cells to produce
B-cell hybridomas. Hybridoma coltures were maintamned at 37°C at 5% COs and cultwred in
DMEM media supplemented with 15% FBS. Hybridoma supernatants were screened for
peptide~specific M2e antibody production via ELISA and ability to bind whole avian mfluenza
virus. Parent hybridomas were chosen and subsequently subcloned by limiting dilution.
Subcloned monoclonal hybridomas were screened yet again following the same methods before
final subclones were chosen for ascites production and eryogenic storage. Three hybridomas
were positive for whole avian influenza virus (AIV) recognitions {strongly positive), designated
as Clone A, Clone B, and Clone C. These three subclones were used in the adjuvant complex
formation and tRmunogenicity tests agatnst ALV,

After ascites production, each of the three anti-M2e monoclonal antibodies chosen was
purified by Protein G affinity chromatography and biotinviated using EZ Link Hydrazide LC
Biotin kit from Thermo Scientific as per manufacturer’s instructions.  Biotinylated anti-M2e
antibodies were complexed with biotinylated anti-CI240 monoclonal antibodies using
streptavidin as a scaffold at a two first monoclonal antibody to one streptavidin to two second
monoclonal antibody ratio. This anti-CD40/M2e complex was mixed with chemically

mactivated whole avian influenza virus, previously propagated in embryonic chicken eggg, to
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allow binding of virus to the adjuvant complex. The completed complexes were used for in vive
immunogenicity studies in chickens at the Medion Vaccine Company in Bandung, Indonesia.
Results

As shown in Figure 14, the experimental adjuvants (from monoclonal M2e antibody
clones A, B, and C) equally delayed death caused by HPAI challenge compared to the Medion
commercial vaccine control {by 1 day on average). All experimental groups had 384HA units of
mactivated virus, Experimental groups had varying amounts of experimental adjuvant complex
~ isted as amount of complex per viral particle. For example, 250X is 250 complexes per viral
particle. The animals were challenged | week after vaccination with and HS Avian mtloenza
virus challenge at 2 x 10° virus'bird. The unvaccinated group, as shown on the graph in Figure
14, is the unvaccinated-challenged control group. The virus alone group received mactivated
virus withoat adjuvant during vaccmation.

Sera were collected 1-week post-vaccination and used for HI testmg {viral neutralization
based on hemagghatination inhibition). Sera collected from birds were incubated with AIV to
allow binding and neutralization of the virus. Whole red blood cells are added to verify if
antibodies in sera were able to neatralize the vivus” ability to hemagglatinate the red blood cells.
Mean HI values per experimental adjuvant clone are shown m Figure 135 and represent vaceine
efficacy before challenge with HPAL  HI scores are widely established as accurately predictive
for vaccine efficacy. While no statistical difference was observed within each group based on
the rativ/dosage of adjuvant to visal particle, each of the M2e targeted complexes induced
significant mbubition of hemaglotination. The experimental groaps™ Hi were fully combined
{disregarding ratios/dosages), and compared to the control as shown in Figuyre 16, Distribution
of mean HI values as shown in Figure 10, in which each bird’s response is an individual powntin
the graph, demonstrates that all experimental adjuvants induced higher HI values than the
controls. Clone € shows the highest HI ability compared to Clone A or Clone B.

Statistically, Clone C’s HI values are significantly higher than the other groups (Clone A,
Clone B, or the composited controlsy as shown 1 Figure 17A. If controls are separated (as in
Figure 178), Clone (s score 1s not statistically, but only numerically higher than controls. Tt is
mmportant to remember that the Medion vaccine is a commercial vaceing control and thus any
increase i performance is highly relevani. Clone € remains statistically higher than the other

clones after control groups are separated. Overall, we have discovered that Clone € 1s clearly
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more effective than Clones A or B as a vaccine adjuvant. Adjuvant complex to viral particle
ratio does not seem to be a major factor to inducing nentralizing antibody production {as seen in
Clone (Us HI data). The adjuvant complex is able {o equally delay death after onset of HPAI

infection, and has better HI titers than the commercial vaccine.

Conclusion

The most mportant conclusion from this frial is that it delivers undeniable {statistical)
proof for the theoretical tenet of the tnial, ie. that our adjuvant complex can physically link a
chicken’s antigen-presenting cells on one end with an inactivated Al vival particle at the other
end, and provokes an incredibly fast immune response in the process. Until the in vive trial, owr
mitial concept was hypothesized using Avogadre’s number to calculate the amount of adjuvant
complex per routine dose of mactivated virus. The antibody-guided approach beat the Medion
commercial vaccine,

Example 4: Antibedy Guided (. perfringens a-toxin Epitope Mapping
Materials & Methods

Extracellular domains of Clostridium perfringens alpha toxin were analyzed to identify
possible regions for antibody neafralization of the toxin’s hemolytic activity., A hibrary of linear
peptides of 8-15 anmuno acids each in length was chosen based on their potential as B-cell
epitopes and synthesized. See Table 2 and SEQ ID NOs: §9-83.

Each biotinylated peptide from the epitope library was incorporated into the CD40-
targeting complex {bictinviated peptide Hinked via streptavidin to the biotnylated CD40
antibody) and subcutaneonsly injected into birds (o tduce peplide-specific IgG antibody
responses. CD40 antibody was biotmvlated using commercial biotinylation kits {(EZ Link
Hydrazide LC Biotin from Thermo Scientific) and peptides were purchase already biotinylated.
Antiserum was collected from each bird 1-week-post-inmnunization.  After seruny collection,
samples were centrifuged to remove debris and precipitates. Peptide-specific immunogenicity
was measured by standardized ELISA protocols.

Antisertun produced against each target was tested for its ability to seutralize hemolytic
activity. (. perfringens alpha toxin was obtaned from the USDAL Fifty microliters of toxin at
180 ditution (USDA suggested toxin dilution for neutralization assays) in sterile PBS was mixed
with $0ul. of serum (2-fold serial ditution of serwm starting from 1:10) on a flat-bottom 96-well

plate and mcubated at 37°C for 1 hour to allow binding/neutralization of the toxin, After initial
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mepbation, 100l of 3% (v/v) sheep red blood cells in PBS was added to all wells and mcubated

o~

for another hour at 37°C. After incobation, neutralization of hemolytic activity was observed in

the wells.

Table 2: Peptide-Specific IgY Response 7-Days Post-Vaccination
{stanclard ELISA protocols used}

Day7:Dayl Response Above

Target Name {Sequence; SEQ ID NO} Response Ratio Control Avg
1-Alpha-31 (GKIDGTGTH; SEQ ID NO: 39y 698 | 374
2-Alpha-51 (ENDMSKNEPESVREN; SEQ ID NO:

6 13.01 977
3-Alpha-71 (ENMHELQLGSTYPDYDENAY; SEQ

ID NQ: 61 8.16 4.82
4-Alpha-B81 {TYPDYDRKNAYDLYQDHFWDP, SEQ

D NO: 62) 12.03 8.79
5-Alpha-91 {(DLYQDHFWDPDTDNNESKDN; SEQ

1D NO: 633 8§.74 5.51
6-Alpha-117 {(IPDTGESQIR; SEQ 1 NO: 64} 11.18 7.84
7-Alpha-136 (EWOQROGNYKQA; SEQID NO: 63) 7.28 4.04
8-Alpha-158 (DIDTPYHPANVTAVDSAGHVKFEE;

SEQ ID NQ: 66) 7.65 4.41
9-Alpha-170 {[VDSAGHVEKFETFAEERKEQY: SEQ

D NG o7 8.79 5.55
10-Alpha-181 (TFAEERKEQYKINTAGCKTN,; SEQ

1D NG: 68} 10.63 7.39
11-Alpha-191 (KINTVGCKTNEDFY ADHLKNK; SEQ

1D NQ: 69} 12.09 3.85
12-Alpha-200 (EDFYADILKNKDFNAWSKEY: SEQ

1D NO: 70) 5.54 2.30
13-Alpha-210 (KDFNAWSKEYARGFAKTGKS; SEQ

IDNOTH 4.66 1.42
14-Alpha-220 (ARGFAKTGKSIYYSHAS SEQ ID

NO: 72) 8.49 5.25
15-Alpha-233 (SHASMSHSWDDWDYAAK; SEQ ID

NEY: 73) 5.02 1.78
16-Alpha-240 (SWDDWDYAAKVTLANSQKOT:

SEQ ID NO: 74) 9.79 6.56
17-Alpha-270 (DVSEGNDPSVGNNVKE; SEQ ID

NO: 75 10.54 7.30
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18-Alpha-291 (STSGEKDAGTDD: SEQ ID NO: 76) 10.25 7.01
19-Alpha-309 (KTKDGKTQEWEMD: SEQ ID NO:

77) 4.98 1.75

20-Alpha-320 (DNPGNDFMAGSKDTYTFKLKD:

SEQ 1D NO: 78) 747 4.23

21-Alpha-330 (SKDTY TFKLKDENLKIDDIQ; SEQ

ID NO: 79} 9.0% 5.81

22-Alpha-354 (RKRKYTAFPDAYKPEN; SEQ 1D

NO: 80) 5.61 2.37

23-Alpha-379 (VVDKDINEWISGNSTYNIK: SEQ 1D

9.37 6.14

The data showing the antibody response in graphic form are displaved m Figure 18, The
antibody responses were broken o three groups. Those with a 7 day after immuomization to day
of immunization ratio of peptide specific immuonoglobulin over 10 were considered highly
tmmunogenic. The peptide complexes with ratios between 6 and 10 were considered moderately
mmmunogenic and those with ratios of less than 6 were considered mildly ivmunogenic. These

distinctions are shown graphically as the hines across the graph in Figore 18,

A viral neutralization assay was then completed to determine if the antibodies were
capable of newtrahizing the henwlytic activity of the Clossridinm perfringens alpha toxm
Briefly, two-fold serial dilutions of the sera were made w saline and S0ul. added per well. A
1:80 dilution of the (. perfringens alpha toxin obtained from the USDA was prepared in sterile
PBS and added at 50 gL per well. The assay was incubated for 1 hour at 37°C. Then 100uL. of &
S% sheep red blood cell suspension was added to each well, mixed gently and allowed to
incubate for 1 howr at 37°C. The absorbance at 490nm was measured to determine the level of
hemolysis of the red blood cells. Wells positive for hemolysis were sera that were considered

negative for neutralization and vice versa.

34




WO 2015/187969 PCT/US2015/034229

As shown in Table 3 below, several of the sera were able to neutralize the toxm and
prevent hemolysis. The neutralization reported in the Table is the highest dilution factor still
capable of neutralizing C. perfringens alpha toxin. So “160"7 means serum still nentralized the
toxin at 1:160 ditution. Control Peptides (non-guided system used) were negative for hemolytic

neutralization.

Table 3: Hemolytic Activity Neutralization Resalts
{highest serum dilution able to completely neutralize toxin’s hemolvtic activity reported)

Bird 2 | Mean

80 120
160 120
40 100
160 160
&0 120

160 160

\\
&\\\\\\\ ) 80 200
. 80 200
m 240 120
L ‘ 160 | 160
L ‘ 160 | 160

160 240

\ 80 120

“§*§§§§§§ ' 160 160
160 240

X\\\\\\ 80 120
L 80 | 200
\\\\\\\ 160 160

_ 160 160
&\\\\\\ isg 244 Beth highly immunogenic & neutralizing.
‘ 160 280 Both highly immunogenic & neutralizing.

84 200
160 240 Both highly immunogenic & neutralizing.

Highest N:eu;traﬁzatmn
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Antibodies generated one week after a single injection with CD-40-targeted antibody
guided antigens, resulted in some degree of diminution of alpha-toxin hemolytic activity. This
vaconation techaique, with antibody-guided antigens, resulted m significant immune response
{measured as IgY levels) in 923 antigens. Additionally, through this antigen selection process,
epitopes 20, 21, and 23 were both hnghly immunogeme and highly neutralizing for hemolytic
activity, suggesting their potential as vaccine candidates. Thus, we have developed a rapid
method to map epitopes and identify potential antigemic epitopes for use in recombinant vaccine

generation.
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CLAIMS
We claim:
. An adjuvant composition comprising at least one first {40 agonistic antibody or portion
thereof comprising at least two F(ab) regions capable of specifically binding CD40 and
S inducing CD40 signaling, at least one second antibody or portion thereof comprising at
teast two F{ab) regions capable of specifically binding a microorganism, at least one label
attached to the at least one first CD40 agonistic antibody or portion thereof and the at
{east one second antihody or portion thereof, and a linker moiety capable of specifically
binding to the labels, wherein the at least one first CD40 agonistic antibody and the at
10 least one second antibody are bound to the baker molety to form a complex.
2. The adjuvant composition of claim 1, wherein the linker moiety binds to the labels on the
first D40 agomstic antibody and the second antibody non-covalently.
3. The adjuvant composition of any one of the preceding claims, wheren two or meore of the
first CD40 agonistic antibody and two or more of the second antibody are bound to the
15 linker motety to form a complex.
4. The adjuvant composition of any one of the preceding claims, wherein the fabel s
covalently attached to each of the antibodies.
5. The adjuvant composition of any one of the preceding claims, wherein the label on each
of the first CD40 agomistic antibody and the second antibody 1s biotin.
20 0. The adjuvant composition of any one of the preceding claims, wherein the linker motety
1s avidin or streptavidim.
7. The adjuvant composition of any one of the preceding claims, wherem the
microorgandsm to which the second antibody specifically binds is a bacterium or a virus.

8. The adjuvant compesition of claim 7, wherein the second antibody specifically binds a

25 microorganisim selected from the group consisting of influenza viras, Salmonella,
Clostridiuvm, Campyiobacter, Escherichia, Shigella, Helicobacter, Vibrio, Plesiomonas,
Fdwardia, Clostridia, Klebsiella, Staphylococcus, Streptococcus, deromonas, Foot and
Mouth viras, porcine epidenic diarrhea virus (PEDv), and Porcine reproductive and
respatory syndrome viras (PRRSYY.

30 9. The adjuvant composition of claim 8, wherein the second antibody binds Influenza M2e.
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18. The adjuvant compasition of any one of the preceding clamms, wherein the first CD40

agonistic antibody or portion thereof 1s selected from the group consisting of at least one

of:
a.
b.

An antibody comprised of SEQ ID NO: 2 and SEQ ID NO: 4 (205

An antibody comprised of SEQ 1D NO: 14 {DAGT):

An antibody or portion thereof comprising a heavy chain variable (Vi) region and
a hght cham variable (V) region, wherewn the heavy chamn variable region
comprises a CDR1 comprising the amino acid sequence set forth 1n SEQ 1D NO:
S, a CDR2 comprising the amino acid sequence set forth 1 SEQ ID NO: 6, and a
CDR3 comprising the amine acid sequence set forth in SEQ ID NO: 7 and
wherein the light chain variable region comprises a CDRI comprising the amino
acid sequence set forth m SEQ 1D NO: §, a CDR2 comprising the anmyino acid
sequence set forth in SEQ ID NO: 9, and a CDR3 comprising the amino acid
sequence set forth 1 SEQ 1D NO: {0; and

An antibody or portion thereof comprising g heavy chain variable (Vi) region and
g hight chain variable (Vi) region, wherein the heavy chain variable region
comprises a CDR 1 comprising the amino acid sequence set forth in SEQ D NO:
20, a CDR2 comprising the amino acid sequence set forth in SEQ D NO: 21, and
a CDR3 comprising the anuno acid sequence set forth in SEQ 1D NO: 22 and
wheren the light chain vaniable region comprises a CDR1 comprising the anuno
acid sequence set forth i SEQ ID NO: 17, 2 CDR2 comprising the amino acid
sequence set forth in SEQ 1D NO; 18, and a CDR3 comprismg the amino acid

sequence set forth in SEQ D NGO 19

11. The adjuvant composition of any one of the preceding clanns, wherein the first CD40

agomstic antibody is specific for a CD40 polypeptide from a species selected from the

group consisting of chicken, turkey, bovine, porcine, fish, goats, sheep, dogs, cats and

other domesticated animals.

12, A vaccine comprising the adjuvant comaposition of any one of the preceding claims and

further comprising the microorganism, wherein the adjuvant composition is specifically

bound to the microorganism.

13, The vaccme of claim 12, wherein the microorganism is an influenza virus.
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14. The vaccine of any one of claims 12-13, wherein the microorganism is killed or

mactivated.

o
¥y

. The vaccine of any one of claims 12-14, wherein the vaccine s comprised withia alginate
spheres.
16. The vaccine of any one of claims 12-15 or the adjevant composttion of any one of claims

I-11, wherein the serotype of the microorganism is unknown.

-3

- A UD40 agonistic antibody or a portion thereof comprising at feast an F(ab) region, the
CD40 agomstic antibody or portion thereof selected from the group consisting of at feast
one of:

a.  An antibody comprised of SEQ 1D NO: 2 and SEQ 1D NQO: 4 {2035y,

b. An antibody comprising SEQ 1D NO: 14 (DAG1);

¢. An antibody or portion thereol comprising a heavy cham variable {(Vy) region and
a Hght chamn variable (V) region, wherein the heavy chain variable region
compnises a CDR1 comprismg the amine acid sequence set forth in SEQ 1D NO:
5, a CDR2 comprising the aminoe acid sequence set forth in SEQ D NO: 6, and a
CDR3 comprising the amino acid sequence set forth in SEQ IDNO: 7 and
wherein the light chain variable region comprises a CDRI comprising the amino
acid sequence set forth in SEQ ID NO: 8, a CDR2 comprising the amino acid
sequence set forth iy SEQ 1D NO: 8, and a CDR3 comprising the amino acid
sequence set forth in SEQ 1D NG 10 (2C5); and

. An antibody or portion thereol compnising a heavy cham variable (Vy) region and
a hight chain varigble (V) region, wherein the heavy chain variable region
comprises a CDR1T comprising the amino acid sequence set forth in SEQ 1D NO:
20, a CDR2 comprising the aminoe acid sequence set forth in SEQ ID NO: 21, and
8 CDR3 comprising the anuno acid sequence set forth in SEQ 1D NO: 22 and
wherein the light chain variable region comprises a CDRI comprising the amino
actd sequence set forth in SEQ ID NO: 17, 4 CDR2 comprising the amino aad
sequence set forth in SEQ 1D NO: 18, and 3 CDR3 comprising the amino and

equence set forth in SEQ 1D NO 19 {(DAGH.

74

18. A vaccine comprising the CD40 agonistic antibody or portion thereof of claim 17 linked

te an antigen by a linker motety.
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. The vaccine of claim 18, wherein the Imker motety is a peptide.

The vaccine of claim 18, wherem the hinker moiety is streptaviding, the CDA0 agonistic
antibody is biotinviated and the antigen is biounylated such that the linker motety is
capable of linking the CD40 agonistic antibody to the antigen.

. The vaccine of any one of claims 13-20, wherein the antigen is & vaccine.

2. The vaccine of any one of claims 18-20, wherein the antigen 1s an influenza virus.
3. The vaccine of any one of claims 18-20, wherein the antigen is 8 microorgamism.

24. The vaccme of elaim 23, wherein the microorganism s selected from the group

consisting of Salmonella, Closiridium perfringens, Campnlobacter, Escherichio, Shigella,
Helicobacier, Vibrio, Plesiomonas, Edwardia, Clostridia, Klebsiella, Staphvlococcus,
Streptacaccus, deromanas, Foot and Mouth virus, porcine epidemic diarthea virus

{PEDv), and Porcime reproductive and respiratory syndrome virus {(PRRSV).

. The vaccie of any one of claims 18-20, wherein the antigen 15 a peptide.

. The vaccme of any one of claims 18-25, wherein the vaccine 1s comprised within alginate

sprhares.

. A pharmaceutical composition comprising the vaccine of any one of claims 12-16 and

18-26 and a pharmaceutically acceptable carrier.

A method of enhancing an immune response in a subject comprising adnministening the
vaccine of any one of claims 12-16 and 18-26 or the composition of claim 27 to the
subiect i1 an amount effective © enhance the iImmune response to the antigen or

ARCTOOIEanism.

. The method of claim 28, wherein adnumistration 18 vig a mucoss! or subcutaneous route.
. The method of claim 29, wherein the mucosal route 13 oral. cloacal, nasal, or ccular.

. The method of claim 28, wherein the vaccine is admmistered m the foed or drinking

water.

. The method of any one of claims 28-31, wherein the 1gG and IgA response is enhanced.

Po

3. The method of any one of clanns 28-32, wherein the immune response is enhanced

within 7 days of administration.

. The method of any one of claims 28-33, wherein a single administration 1s sufficient to

induce the fmmme response.
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. The method of any one of clatms 28-34, wherein the CD40 antibody is selected to be
specitic for the CD40 of the subject’s taxonomic species, gemas or family.

. The method of claim 35, wherein the CD40 antibody is specific for chicken 1240 and
the subject is a chicken.

A construct comprising a first polynucleotide encoding a CD40 agonstic anttbody heavy
chain comprising SEQ ID NO: 5,6, and 7 or SEQ 1D NO: 20, 21 and 22 and a CD40
agonistic antibody light chain comprising SEQ 1D NO: 8, 9, and 10 or SEQ ID NO: 17,
18 and 19 and wherein the first polynucleotide is operably connected to a promoter to
allow for expression of the CD40 agonistic antibody.

. The construct of claim 37, further comprising a polyvnucleotide encoding a secratory
signal such that the CD40 agonisnic antibody can be secreted from cells.

~y
4
14

. The constract of claim 37 or 38, further comprising a multi-cloning site to enable
mcorporation of additional polynucleotides encoding antigens in the construct,
. The construct of claym 37 or 38, Tarther comprising a second polynucleotide encoding an

antigen.

|, The constract of clainm 40, wherein the antigen is selected from SEQ 1D NOs: 26-53 or

57-83.
. The construct of claim 40 or 41, wherein the second polvnucleotide encoding the antigen

is linked in frame to the polynucleotide encoding the CD40 agonustic antibody.

3. A cell comprising the construct of any ong of claims 37-42.

4. The cell of claim 43, wherein the cell is a plant, algal, bactenal, insect or yeast cell

. A method of epitope mapping a polvpeptide comprising:

a. Generating labeled peptides of 8-20 amuno acids from the polypeptide;

b. Attaching the labeled peptides to a labeled CD40 antibody via a linker motety to
create a CD40 antibody-peptide complex;

¢, Administering the CD40 antibody-peptide complex to a subject;

d. Collecting sera from the subject;

e, Testing the sera for the presence of antibodies able to recognize the polypeptide;
and

. Identifying the peptides capable of producing antibodies to the polypeptide as

antigenic epitopes.
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46. The method of claim 45, wherein the label is biotn.

47. The method of any one of claims 45-46, wherein the linker motety is streptavidin.

48. The method of any one of claims 45-47, wherein the testing step nchudes at least one of
an ELISA assay, Western blot, immunofloorescence or a neutralization assay.

49 The method of any one of claims 45-48, further compnising developing a vaccine

nchuding the identified antigenic epitopes.
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