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MUCIN-ASSOCIATED SURFACE PROTEIN AS VACCINE AGAINST CHAGAS
DISEASE

FEDERAL FUNDING

{0601] The invention was supporied by Federal Funding awarded by the National

Institutes of Health. The Government has cerfain rights in the invention.

TECHNICAL FIELD

(006027 The present invention relates (o the field of human health and in parlicular {o

vaccinalion approaches for control of Trypanosoma cruzi infection and Chagas disease.

BACKGROUND OF THE INVENTION

{06031 Trypanosoma cruzi {T. cruzi) is a flagellate prolozoan that causes Chagas
disease. Chagas disease affects millions of people worldwide and has become a larger
concern in the United States with growing numbers of immigrant population. The human
infection begins with the metacyclic trypomastigote form, present in the vecior's
{iriatomine) feces. The infection is introduced into the blood stream through the bile
wound or mucosal tissues. After infection, the metacyclic form of this parasite
transforms info the proliferative amastigote, which then fransforms info trypomastigotes
in the host cells. The lrypomastigotes are released info the bloodstream and go onto
infect other cells and tissues. The parasiie can also be transmitted through other routes
such as biood fransiusion, organ transplant, and congenital fransmission. Currently,
benznidazole and nifurlimox are the only available drugs for treating Chagas disease,
which are extremely toxic, less effective in the chronic stage {especially the late chronic
stage), and a growing number of resistant strains are arising. While vaccination has
been demonstrated {0 be a cost-effective approach o illness and death caused by

infectious diseases, there is not yet an effective vaccine for Chagas disease.
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BRIEF DESCRIPTION OF THE FIGURES

[0604] The accompanying figures, in which like reference numerals refer {0 identical
or functionally-similar elements throughout the separate views and which are
incorporated in and form a part of the specification, further lllustrate the embodiments
and, together with the detailed description, serve to explain the embodiments disclosed

hersin.

(00051  FIG. 1 illustrates resulting parasitemia and survival for each of the control and

experimental groups;

{0808] FiG. 2 illustrates cylokine profiles of immunized mice following parasite

challenge;

[GG077 FIG. 3 illustrates the effect of in vivo depletion of CD4+ or CD8+ T cells in
mice immunized with KLH or MASPsyn-KLH and Kaplan-Meier curves for survival and
parasitemia of mice immunized with MASPsyn-KLH or KLH, and then treated with anti-
CD4 or anti-CD8 mAbs; and

{00081 FiG. 4 contains common alleles within at-risk populations and predicted
binding siles for MASPayn.
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DETAILED DESCRIPTION

{0609 The embodiments will now be described more fully hereinafter with reference
to the accompanying drawings, in which lllustrative embodiments of the invention are
shown. The embodiments disclosed herein can be embodied in many different forms
and should not be construed as limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention {o those skilled in the art. Unnecessary
detail of known functions and operations may be omitled from the current description so
as not to obscure the present invention. Like numbers refer (o like elements throughout.
As used herein, the ferm "and/or” includes any and all combinations of one or more of

the associated listed ilems.

{00101 The terminclogy used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the invention. As used herein,
the singuiar forms "a", "an”, and "the" are intended 1o include the plural forms as well,
urless the context clearly indicates otherwise. 1 will be further undersiood that the
terms "comprises” andfor "comprising,” when used in this specification, specify the
presence of sialed features, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, integers,

sieps, operations, elements, components, and/or groups thereof.

[0811] Unless otherwise defined, all terms {(including fechnical and scientific terms)
used herein have the same meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. It will be further understood that terms, such as
those defined in commonly used diclionaries, should be interpreled as having a
meaning that is consistent with their meaning in the context of the relevant art and will
not be interpreted in an idealized or overly formal sense unless expressly so defined

herein.

{06121 The term “antigen” as used herein is defined as a compound, compaosition, or
substance that can stimulate the production of anlibodies or a T-cell response in an
animal or human, including compositions that are injected or absorbed. An antigen

reacts with the products of specific humoral or cellular immunity, including those induced
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by heterologous immunogens. The term "antigen” includes all related antigenic epilopes.
“‘Epitope” refers 10 a site on an antigen that is recognized by the immune sysiem,

specifically by antibodies, B cells, or T cells.

{00131  The term "antibody” as used herein includes immunogiobulin molecules and
immunoiogically aclive portions of immunoglobulin molecules utilized by the immune
sysiem o identify and neulralize foreign objecis within the body, such as bacteria and
viruses. Antibodies are typically composed of basic structural unifs—each with two large
heavy chains and two small light chains. There are several different types of antibody
heavy chains and several different Kinds of antibodies, which are grouped into different
isotypes based on which heavy chain they possess. Five different antibody isotypes are
known in mammals, which perform different roles, and help direct the appropriate
immune response for each different type of foreign object they encounter. It has been
shown that the anligen-binding funclion of an antibody can also be performed by
fragments of a naturally ccourring antibody. Thus, these antigen-binding fragmenis are

aiso intended {0 be designated by the term "antibody.”

{06141 The term “cylokines” as used herein encompasses a group of small proleins
that are imporiant o cell signaling. Cytokines are released by cells and affect the
behavior of other cells, and sometlimes the releasing cell ifself. They act through
receplors and are especially important in the immune sysiem as oyiokines modulate the
balance between humoral and cell-based immune responses, and they regulate the
maturation, growth, and responsiveness of particular cell populations. Non-limiting
examples of cytokines include chemokines, interferons, interleuking, lymphokines, and
tumour necrosis factor, Cylokines are produced by a broad range of cells, including
immune cells like macrophages, B iymphocytes, T lvmphocytes, and mast cells. A given

cytokine may be produced by more than one type of cell.

[08158] T cruziis encompassed by a thick layer of glycosylphosphatidylinositol (GPI)-
anchored proteins that are encoded by mulligene families like mucins (TeMUC), mucin
associated surface proteins (MASP), irans-sialidase/gp85, and gp63 glycoproteins.
MASP was first described upon the completion of the T. cruzi genome and il is now
known {0 be the second largest gene family with 1,377 genes, about 6% of the 7. cruzi

genome. Like other GPI- anchored proteins, they have a highly conserved N- and C-
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terminal regions and possess N-O-glycosylated regions, Furthermore, since this family
does not have any genes orthologous 1o other sequenced kinetoplastid, it makes it very

specificto T, cruzi.

061687 7. cruzi uses several of these surface proteins o invade the host. In their role
of protection, they ensure the targeling and invasion of specific cells or lissues. A
conserved region in the Tamily of MASPF was used to analyze the expression of MASP at
different points of invasion. it was found that there was an increase of expression in
trypomastigote and amastigote forms of PAN4 and CL-Brener strains. This supported
the already establish notion that MASP is upregulated in the infectious stages. Proteins
found on the surface of the parasite such as prolyl cligopeptidase (FPOP TcBC) have also
been shown {0 be secreted in the culture medium of infectious forms of the parasile.
Also, MASPS2Z, obviously part of the MASP family, was shown {o play a role in the
process of host invasion, as well as being secreted by metlacyclic typomasligote. in
other work, antibodies against a conserved motif of MASPs reacted {o the supernatant
of parasites, leading to the belief that MASE family members are shed info the culture
medium. Hence, MASP is important for host cell invasion. MASP is up regulated in
resistart strains of 7. cruzi compared o those susceptible 1o benznidazole, therefore,

suggesting that MASP could be a good target for vaccine development.

{00171 The ideal vaccine against the complex intraceliular and extracellular 7. cruzi is
ene that can elicit both a humoral and cellular immune response. The ability of a
synthetic peptide (MASPsyn} having an amino acid sequence represenied by
DAENPGGEVFNDNKKGLERY (BEQ D No. 1) (also referred to as MASPpep),
conjugated with keyhole limpet hemocyanin (KLH) 1o provide protection against 7. cruzi
was studied. Though KLH was used in the study, other pharmaceutically acceptable
carriers may be combined with the MASPsyn in order to enhance immunogenicity. The
study also attempted {o stimulate the immune response with a known human adjuvant
aluminum hydroxide {AIOH) because of its known role in stimulating CD4+ T cells. AIOH
was shown {o stimulate a Thi-type immune response and help regulate the infection.
Based on in silico analysis, MASPsyn has the characteristics to be able to stimulate the
adequate immune response and thus help control parasite amount and/or increase
survivability of the host. In order to address, experiments were conducted that showed

that MASPsyn, without the aid of any additional adjuvants, was able to stimulate
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antibody and cytokine (e.g., IL-4, IL-10, {L-12, IL-17A, and IFN-y) production that are
crucial for resistance against the parasite, as well as increase survivability 1o

immunized-infected mice.

{0818] InViro and in Vive Trypomastigote Culture

(006191 7. cruzi Y strain trypomastigoles were kept in culture by allernating infecting
BALB/c mice and monkey kidney epithelial cells. After five passages, BALB/c mice were
infected with 1x10% trypomastigotes. After 3 days, bloodstream trypomastigotes were
obtained and were used {o infect LLC-MK2., Cells were kept at 37°C in & humid
atmosphere supplemented with 5% CO:; in Dulbecco’s modified Eagle’'s medium
(OMEM) containing 10% inactivated fetal calf serum and 5% antibictics {(ampicillin/

sireptomycin).

{0620] Selection and Production of the Synthetic MASPsyn

{06211 Using adequate computational analyses (ABCpred prediction server Tor B cell
epitope recognition, ProPred |, SYPEITHI, and HLA-BP for MHC |, and TEPITOPE and
ProPred for MHC I recognition) a peplide from the protein that seemed o have a high
score of epifope recognition in B-cell recognition was chosen, MHC |, and MHC Hl in
humans and mice. The MASPsyn peptide was then synthesized utilizing convention

techniques. The peptide was then conjugated to KLH,.

00221 Immunization

[0023] C3H/HeNsd female mice {6-8 weeks old) were separated in five groups (4
micefgroup). The immunizations were performed via intraperitoneal {i.p.) injection. One
control group was immunized with phosphate buffer saline (PBS, placebo). Two conirol
groups for the adjuvants were given 0.9% aluminum hydroxide (AIOH) and KLH at 10
ug/mouse. Two experimental groups were administered 20 pg/mouse of MASPsyn
alone and combined with 0.8% aluminum hydroxide, respeclively. A total of 3

immunizations every 10-15 days were administered.

1006247 Lvaluation of the Humeral Iimmune Response
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[0625] Ten days after the last immunization blood was collected by {ail bleeding and
serum was separated from blood by centrifugation at 2,000 rpm for 10 min. The serum
antibody titers were determined by an ELISA. Human Chagasic and normal serum were

also tested for antibody titers against MASPsyn.

[0626] Immunogiobulin Isotyping

[0627]  immunogiobulin isclyping was examined using Mouse Immunogiobulin
Isotyping ELISA Kit. The serum from the placebo and MASPsyn immunized groups was
obtained as described above. The positive control was provided in the kit The assay
was performed following the manufaciure guidseiines; each sample was done in triplicate

and read at an absorbance of 450 nm using a microplate reader.

(00287 Trypomastigote Lysis Assay

{00291 Pool of serum was collected from both non-infected placebo {complement
system aclive) and MASPsyn immunized mice (inactivated complement system, 56°C
for 30 min). Trypomastigote suspensions (200 yl of 1107 parasifes/ml in DMEM) were
incubated with 0.8 pl (1:250) of either serum at 37°C for 1 hr. Then, propidium iodine
(P} was added (0.5 pg/mL) and cells were incubated for 5 min. at 24°C, followed by
three washes with PBS. The pellel was re-suspended in 4% paraformaldehyde,
incubated at 24°C for 15 minutes, and then washed with PBS. Finally, the peliet was re-
suspended in 300 yb PBS. The positive and negative controls {live and dead parasiles,
respectively} were prepared similarly. Brigfly, the rypomastigote suspension (200 pb of
1x107 parasites/mb in DMEM) was washed three times with PBS and Pl was added (0.5
ug/mb), then followed by three washes with PBS, the parasites were then fixed with 4%
paraformaldehyde, followed by three PBS washes, and finally resuspended in 300 gl
PBS. in the negative control, the trypomastigote suspension was freated with hydrogen
peroxide (200 yM), then washed with PBS, the peliel was resuspended in Pl (3.5
ug/ml), then followed by three washes with PBS, the parasiles were then fixed with 4%
paraformaldehyde, followed by three PBS washes, and finally resuspended in 300 yL
PBS. The samples were evaluated by flow cytometry. The experiment was performed in

friplicate in three independent experimenis. For each individual sample, approximately
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10,000 events were acquired and analyzed using specialized software. The resulls were

piotied as a percentage of dead parasites.
{06307 Challenge - Parasiternia and Survival

{00311 Ten days after last immunization mice were inoculated via intraperitoneal
injection with 1x10° trypomastigote Y strain, the parasitemnia and survival were
monitored. The parastemia were evaluated every day for the first 12 days then svery
third day for a total of 21 days. FiG. 1 dlustrales the resuiting parasitemia and survival

for each of the control and experimental groups.
{00321  Evaluation of Cylokines

{00331 Four weeks post-infection, the biood was collected by tail-bleeding and a pool
of serum from each experimental group was oblained as described above. Cylokines
were measured using Mouse Inflammatory Cylokines Multi-analyte ELISArray Kit. FIG.
2 illustrates cylokine profiles of immunized mice following parasite chalienge. Anti-
nflammatory (IL-4 and IL-10) and proinflammalory (IFN-y, 1L-12, and IL-17} cylokines
were assayed in triplicate by ELISA four weeks after the last immunization and
approximately two weeks after the challenge. Each bar represents the mean valuszSEM

{n=4 animals per group) for each treatment.
0834 DNA Preparation

[0635] In the terminal stage of the disease, mice were euthanized and the heart,
fiver, and spleen tissues were collected. This procedure was performed at different end
points upon the protection offered by the immunization. DNA was extracted and

guantified by spectrophotometer.
(00368} Real-time PCR
{06377 Each PCR reaction conlained 50 ng genomic DNA, 0.5 pM of T. cruzi 195-bp

repeal DNA-specific primers TCZ-F §'GCTCTTGCCCACAMGGGTGC-3 (SEQ 1D NO.
2} where M=A or C and TCZ-R 5-CCAAGCAGCGCATAGTTCAGG-3 (SEQ 1D NG, 3}



WO 2015/048072 PCT/US2014/057124

primers. In addition, 12.5 yl of 1Q SYBR Green Supermix and RT-PCR-grade water
was added to a final volume of 25 pl.  independently, reactions containing 50 ng
genomic DNA, 0.5 uM of murine-specific tumor necrosis factor-a (TNFQ) primers TNF-
5241 5-TCCCTCTCATCA- GTTCTATGGCCCA-3 (SEQ ID NO. 4) and TNF 5411 5-
CAGCAAGCATCTATGCACTTAGAC- CCC-3' (SEQ 1D NGO, &), 125 plL of IQ SYBR
Green Supermix and RT-PCR-grade water were added o a final volume of 25 pl.
Negative controls with no DNA added were done. Al reactions were performed in
triplicate. The reactions were placed onto a 96-well plaie (Bic-Rad, Hercules, CAj,
centrifuged for 2 min at 2000 rpm, and placed in the Eppendorf Mastercycler ep
Realplex {(Eppendorf, Hauppauge, NY). The reactions were exposed to four phases:
denaturation, amplification, melting, and cooling. In the denaturation phase, the plate is
heated to 95°C for 2 min, the amplification was done during 35 cycles for 7. cruzi
primers {45 cycles for TNFa primers) at three steps: 95°C for 15 g, then 65°C for 10 s,
72°C for a & s hold, and then 79°C for 20 seconds, at which the fluorescence intensity is
acquired. The melt phase then begins with 95°C for 15 seconds, then 60°C for 15
seconds, and finally 85°C for 15 second hold. Also, the amplification products for sach
sample were subjected to ethidium bromide, ran through an electrophoresis 1% agarose
gel, and finally viewed under UV light. Briefly, to 150 mg of normal tissue was added 3 x
10° T. cruzi trypomastigotes and then the DNA was exiracted and guantified. The

standard curve obtained was used {o determine the parasite nad of infected tissues.

(00381  In Vivo Depletion of immunea Cell Subsels

[0638] One week after the last immunization, mice received Lp. injections of 500 ug
anti-CD4 or 1000 ug of anti-CD8 maAbs. Unspecific IgG was given {o the conirol groups.
Depletion was analyzed by flow and the data were acquired using a flow cytometer. For
each individual sample, approximately 10,000 events were acquired and analyzed.
Mice were then challenged with 1x10° trypomastigotes 48 hours after last dose of anti-
CD4/CD8. Parasitemia and survival were followed as previously described. FIG. 3.
iHlustrates the effect of in vivo depletion of CD4+ or CDE+ T cells in mice immunized with
KLH or MASPsyn-KLH and Kaplan-Meier curves for survival and parasitemia of mice
immunized with MASPsyn-KLH or KLH, and then treated with anti-CD4 (A and B) or
anti-CD8 mAbs {C and D). N=2 animals per group.
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{0840] Ut should be noted that based on immunoinformatic analysis through the Allele
Frequency Net Database (hitp://'www allelefrequencies.nel/}, the combination of putative
MHC- and MHC-H epitopes on MASPsyn, may be able to elicit immune responses in
approximately 22 1o 90% of the population in endemic countries such as Bolivia, Brazil,
Peru, and Venezusla. FIG. 4 contains common alleles within these populations and
predicted binding sites for MASPsyn. This suggests that further experimental studies
should be conducted to validate MASPsyn as potential candidale for a vaccine against
Chagas disease in humans. it should also be noted that while MASPsyn has been
studied as a monocomponent vaccine, there is evidence o suggest that it can be

effective if included in a mulliple antigen vaccine as well.

006417 it will be appreciated that variations of the above-disclosed and other features
and functions, or alternatives thereof, may be desirably combined info many other
different sysiems or applications. Also, that various presently unforeseen or
unanticipated allernatives, modifications, varigtions or improvements therein may be
subsequently made by those skilled in the art which are also intended to be

encompassed by the following claims.

10
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CLAIMS
What is claimed is:

1. A pharmaceutical composition comprising:
a peplide comprising an amino acid sequence of DAENPGGEVENDNKKGLERY
(SEQ D No. 1); and

a pharmaceutically acceptable carrier.

2. The pharmacsutical compaosition of claim 1 further comprising a human adjuvant.

n

3. The pharmaceutical composition of claim 2 wherein the human adiuvant is

aluminum hydroxide.

4. The pharmaceulical composition of claim 2 wherein the human adjuvant is

kevhole limpet hemocyanin.

5. A vaccine composition comprising an immunologically effective amount of a
peptide having an amino acid sequence of DAENPGGEVENDNKKGLSRY (SEQ 1D No.

1),

6. The vaccine composition of claim 5 wherein said vaccine composition is a

therapsutic vaccine.

7. The vaccine composition of claim § wherein said vaccine composition is a

prophylactic vaccine.

8. The vaccine composition of claim & further comprising a human adjuvant.

4. The pharmaceutical composition of claim 8 wherein said human adjuvant is

aluminum hydroxide.

10. The pharmaceutical composition of claim 8 wherein said human adjuvant is

kevhole limpet hemocyanin.

11
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1. A method for preventing Chagas disease comprising:
administering, o a patient, an effective amount of a peptide having an aming acid
sequence of DAENPGGEVFNDNKKGLERY (SEQ 1D No. 1) to induce immune

response to an antigenic region of the peptide.

12.  The method of claim 11 further comprising adminisiering, to a patient, said

effeclive amount of peptide in combination with a pharmaceutically acceptable carrier.

13. The method of claim 11 wherein said peplide is conjugated with a human

adjuvant.

14.  The method of claim 13 wherein said human adjuvant is aluminum hydroxide.

15,  The method of claim 13 wherein said human adjuvani is keyhole limpet

hemocyanin.

16. The method of claim 13 wherein said peplide is administered as a therapeutic

vaccing.

17.  The method of claim 13 whersin said peplide is administered as a prophylactic

Vacoing,

18. The method of claim 11 wherein said peplide is administered as a

mongcomponant vaceine.

19,  The method of claim 11 wherein said peplide is administered as a mulliple

antigen vaccine.

20, The method of claim 11 wherein said peplide is administered at least three times

at intervals of between {en and fifteen days.

12



WO 2015/048072 PCT/US2014/057124

551095

4510054
-w PBS
’ A AIOH
Wl - KLH
o
S

(93]

X

-

o
P
5
H

%
1

MASP,,/AIOH
MASP,,

Parasites
{irypomastigote/mlL)

e
*
=Y
o
[
Iz
]
=X

IRIC R (Sl |

088 S ’ .,:: ,, s .;. 1‘ z%: = B
1 3 5 7 ¢ 1 13 15 17 18 21
Days

PBS
AIOH

KLH
MASP,/AIOH
MASP,

60

Survival (%)
8
¢ ¢ 41k

1
3

‘Dh's(i*ursf L i fropp ey
G 5 1015202530 3540 100 200 300 400

Days



PCT/US2014/057124

WO 2015/048072

2/4

8000
7000,

€ i -
2D Q@ Q@ Q@
[ e B o B e )
O OosF NN T

14007

200-

4

0004

4

{

=
S
&

800
400

<
3
%

paBd} o

200

T T
[T < o o N N )
[ R T B B ]

< O N

-

{puyBd} 7 -0

G0

< (o) [e)
2 8
<Q {oh)
o o~

{uBd) zi-u

o]
o

)
!
r
[
H
H
4
H
H
H
H
H

L

1000

=) -
I S T T
z & & 9«

{uyfid) A-pgg

mmunization Group

FIG. 2



WO 2015/048072

E
herny
&
@
)
<
&
pod
&
4
E
L
£
-y
Row
fooe

£
vy
@
&
fhu]
Q
=
st
&
&
&
o
jo R
=
Soox
frooox

1.0x108

8.0x10°%-

4 Qw35

2.0x10°%-

6.0x10°5-

1.0x108-

8.0x105

6.0x105-

4.0x10°-

3/4

O KLH
& MASPpep-KLH

Day Post-Infection

O KLH
3\) & MASPpep-KLH
A
o
7e
f |
P
S A
f”zfz%r o8& &@

5 1 15
Day Post-infection

PCT/US2014/057124
100 ®
80 O KLH
<y € MASPpep-KLH
S~
= 60
2 S
£ 40
=
LCp]
20
O LIS ML rC,J L ML S T L R B
0 &5 10 15 20 25 30 35 40 45

100

Day Post-infection

. 80
§ |
= B0
= .
£ 40
o
O8]

20-

O KLH
B MASPpep-KLH

0 5 10 15 20 25 30 35 40 45

Day Post-infection



WO 2015/048072

4/4

PCT/US2014/057124

Aliele Predicted Binding Site Score
HLA-A1 DAENPGGEVFNDNKKGLSRY 12.2
HLA-AZ4 DAENPGGEVENDNKKGLSRY 48.59
HLA-B*2702 DAENPGGEVENDNKKGLSRY 10.66
HLA-B*2705 DAENPGGEVFNDNKKGLSRY 32.99
HLA-B*3701 DAENPGGEVENDNKKGLSRY 8.66
HLA-B*3801 DAENPGGEVENDNKKGLSRY 17.48
HLA-B*3902 DAENPGGEVFNDNKKGLSRY 12.65
HLA-B40 DAENPGGEVFNDNKKGLSRY 32.71
HLA-B*4403 DAENPGGEVENDNKKGLSRY 43.35
HLA-B*5101 DAENPGGEVFNDNKKGLSRY 52.16
HLA-B*5102 DAENPGGEVFNDNKKGLERY 34.34
HLA-B*B103 DAENPGGEVFNDNKKGLSRY 63.38
HLA-B*5201 DAENPGGEVENDNKKGLSRY 22.95
HLA-B*5401 DAENPGGEVENDNKKGLSRY 65.89
HLA-B*51 DAENPGGEVFENDNKKGLSRY 71.01

FIG. 4
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