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Keywords: apy strategies. The aim of this study was to design a multiple-epitope candi-
Leishmania date vaccine using leishmaniolysin (GP63) and rK39 proteins against Leish-
Vaccine; mania major and L. infantum for monocyte-derived exosome preparation.
Epitope; Methods: This study was carried out in Faculty of Veterinary Medicine, Uni-
Exosome versity of Tehran, Tehran, Iran, 2023-2024. Effective immunodominant

epitopes were selected from two antigenic proteins of GP63 and K39 using
‘Correspondence various immunoinformatics and bioinformatics approaches. [7brio cholerae 3-
Emails: subunit was used as an adjuvant to stimulate immune responses. Then, ap-
nabian@ut.ac.ir; propriate linkers were selected for the fusion of epitopes. The 3D model of
shjamshidi@ut.ac.ir candidate vaccine was predicted and validated.

Abstract

Background: 1 cishmania is a vector-borne protozoon, which causes visceral,
cutaneous and mucocutaneous leishmaniosis in human and animals. Mono-
cyte-derived exosome vaccines can be used as prophylaxis and immunother-

Results: This designed candidate vaccine could effectively be used as a
prophylaxis strategy against leishmaniosis.

Conclusion: A candidate vaccine was designed using bioinformatic and im-
munoinformatic studies with virtual acceptable quality; however, effective-
ness of this vaccine should be verified through further zz-vitro and in-vivo
studies.
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Introduction

eishmaniosis is a vector-borne parasitic

infection in humans as well as animals

such as dogs and rodents. Leishmania
species cause visceral (VI), cutaneous (CL) and
mucocutancous (ML) diseases. Naturally,
GP63 is a metalloprotease, playing critical
roles in parasite migration and escape from
the host immune system. Moreover, this met-
alloprotease plays important roles in enhanc-
ing parasite survival via modulating macro-
phage-killing mechanisms (1). The rK39 is
used as a biomarker for visceral leishmaniosis
diagnostic assays. Technically, /K39 is a gene,
encoding for a kinesin-linked protein of L.
infantum with multiple 39-amino acid (AA) re-
peats. The multiple repeats can induce anti-
bodies with strong affinity against the anti-
gens. High concentrations of antibodies
against 7K39 can be detected in patients’ sera
with VL but not in patients with ML or CL
(2). Exosomes are small extracellular vehicles
(EVs), secreted by various cells. Naturally,
EVs include important cell-derived bioactive
molecules such as proteins and RNAs, which
regulate immune responses (3). A previous
study has shown release of exosomes from
cell infected with intracellular pathogens such
as Toxoplasma gondii and Mycobacterinm tuberculo-
sis. Furthermore, vaccination of mice with ex-
osomes containing pathogen antigens has re-
sulted in activation of CD4" and CD8" T-cells
(4). Leishmania spp. included important viru-
lence factors such as GP63 (5).

Studies have used dendritic cell-derived exo-
somes as vaccines to induce specific immune
responses (6, 7). Various pathogen-associated
molecules such as peptides, recombinant pro-
teins, whole cells and lysates can be used as
sources of antigens. Loading of antigen pre-
senting cells (APCS) with crude antigens leads
to stronger stimulation of antigen-specific T-
cell responses, compared with peptide-loaded
exosomes (8). However, advantage of subunit
vaccines include that the host immune re-
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sponses can be focused on recognition of a
few special target antigens, but subunit vac-
cines do not always induce strong immune
responses, compared to that the whole antigen
vaccines do (9). In general, EVs derived from
stimulated monocytes with multiple-epitope
proteins can induce CDs and CDy responses
because of MHC-I and MHC-II molecules as
well as high levels of costimulatory molecules
(6).

In the current study, a multiple-epitope vac-
cine was designed using GP63 and r£39 viru-
lence factors against leishmaniosis for the
preparation of recombinant proteins.

Materials and Methods

Retrieving sequences of rk39 and Gp63 from
L. infantum and L. major and the adjuvant

The current study was carried out in Faculty
of Veterinary Medicine, University of Tehran,
Tehran, Iran, 2023-2024. Furthermore, the
study was carried out based on the ethical
principles for medical research from Declara-
tion of Helsinki. Complete AA sequences of
rk39 and GP63 were retrieved from NCBI
database (https://www.uniprot.org). These
antigens included L. znfantum rk39 (accession
no. CAC9469802.1), L. major rk39 (accession
no. XP_001687710.1), L. infantum Gp63 (ac-
cession no. XP_003392249.1) and L. major
Gp63 (accession no. ACL01096.2). Putative
adjuvant sequences of 17brio cholerae toxin B-
subunits (accession no. AAVG67882.1) were
downloaded in FASTA format.

Prediction of MHC-1 and MHC-II epitopes
Cytotoxic T-lymphocyte (CTL) epitopes
play key roles in induction of MHC-I depend-
ent cellular immune responses. In this study,
epitopes were predicted using netMHCnpan-
4.1
(https:/ /setvices.healthtech.dtu.dk/service.ph
p*NetMHCpan-4.1). Thresholds for strong
and weak binders were reported as 0.5 and
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2%, respectively. All the parameters for this
server were stored as defaults. In addition,
MHC-I epitopes were analyzed for frequent
HLA subtypes in Iran, including HLA-A*02,
B*35 and C*12, based on previous studies.
These subtypes were shown to cover approx-
imately 88% of the total ethnic population.
For helper T-lymphocyte (HTL) epitopes that
play key roles in induction of MHC-II regulat-
ed cellular immune responses, epitopes were
predicted using netMHC2pan-3.2
(https:/ /setvices.healthtech.dtu.dk/service.ph
p*NetMHClIIpan-3.2). Thresholds for strong
and weak binders were reported as 2 and 10%,
respectively. All the parameters for this server
were stored as defaults. Additionally, MHC-II
epitopes were analyzed for frequent HLA sub-
types in Iran, including HLA-DQA1*01,
DQB1*03 and DRB1*11, based on previous
studies. These subtypes were demonstrated to
cover approximately 88% of the total ethnic
population (10).

Prediction of B-lymphocyte (BL) epitopes
Naturally, B-cell epitopes include important
roles in inducing humoral immune responses
against infectious agents. In the current study,
Bepipred2
(http:/ /www.cbs.dtu.dk/setvices/BepiPred//
) was used for linear B-cell epitope predic-
tions. The threshold was set as 0.5. This serv-
er allowed users to predict B-cell epitopes
through their physicochemical characteristics
(e.g., flexibility/mobility, hydrophilicity, po-
larity, accessibility, exposed surface and turns)
and a combination of these characteristics.

Construction of the multiple-epitope vaccine
To construct an efficient multiple-epitope
vaccine, a pool of epitopes were extracted
from the highlighted sequences and epitopes
with binding capacity to their respective HLA
alleles were selected as joined via appropriate
linkers. The linker sequences were selected
based on the previous studies (11). Further-
more, the PAPAPA linker was used to con-
nect adjuvant sequences to N and C terminals
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of the multiple-epitope peptide. The AAYKK
linker was used to connect the CTL epitopes.
This linker can be cleaved by cathepsin B,
producing double lysine (KK) site and AAY
motif (12). The AAY motif is appropriate for
binding to TAP transporter, which includes
significant roles in epitope presentation to the
host immune system (3). Glycine-rich linkers
such as GSGSGS can improve flexibility and
solubility. These were used to join the HTL
epitopes. The B-cell epitopes were connected
to each other using KK rigid linkers.

Cleavage site prediction

Cleavage sites of the peptide sequences from
human proteasome multi-complex were pre-
dicted using NetChop 3.1
(https:/ /setvices.healthtech.dtu.dk/service.ph
p*NetChop-3.1). In this study, threshold was
reported as 0.5. The server was able to pro-
duce reliable cleavage-site predictions for the
mammalian proteasomes.

Physicochemical characteristic assessment
and tmmunogenicity, allergenicity and toxict-
ty predictions

Immunogenicity is the ability of antigens to
bind to T and B-cell receptors, inducing im-
mune responses against infections in hosts. In
this study, antigenicity of the vaccine con-
struct was predicted using Vaxifen 2.0 (http:
//www. ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html).
Allergenicity of the vaccine construct was ana-
lyzed using AllerTOP v2.0 (http://www.ddg-
pharmfac.net/ AllerTOP/). Suggested epitopes
might be allergen, causing serious problems.
Toxicity of the epitopes was investigated using
ToxinPred
(https:/ /webs.iiitd.edu.in/raghava/toxinpred/
algo.php). Furthermore, assessment of physi-
cochemical characteristics of the designed
vaccine such as molecular weight (MW), net
charge and half-life was carried out using
ProtParam

(http:/ /web.expasy.otg/protparam/).

Structure analysis, modeling and validation
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Secondary structure of the final multiple-
epitope vaccine sequence was predicted using
PSIPred (http://bioinf.cs.ucl.ac.uk/psipred/).
The 3D-structure prediction of the designed
vaccine was assessed using I-TASSER
(https:/ /zhanggroup.org/I-TASSER/). The
3D-structure model subjected to Ramachan-
dran plot server
(https:/ /swift.cmbi.umen.nl/servers/html/ra
maplot.html) to validate its tertiary structure.

Codon optimilation and in-silico cloning
EMBOSS Back-

transeq(https:/ /www.ebi.ac.uk/Tools/service
s/web/toolresult.ebi?jobld=emboss_backtran
seq-1202302006-103555-0550-44267292-p1m)
was used for the reverse translation and JCAT
(https:/ /www.jcat.de/Start.jsp) for codon op-
timization and quantitative analysis. The serv-
er calculated codon adaptation index and GC

content as essential parameters for cloning,.
These parameters play critical roles for high
quantity and quality expressions of the con-
struct in Escherichia coli hosts. Open reading
frames (ORFs) of the highlighted sequences
were investigated using ORFfinder database
with default E. co/i

(https:/ /www.ncbi.nlm.nih.gov/orffinder).
Moreover, BamHI and HindIII restriction en-
zyme sites were added to two terminals of the
multiple-epitope DNA sequence for cloning
in pET-28b (+) vectors.

Results

Epitopes of CTL, HTL and BL were pre-
dicted using netMHCnpan-4.1, netMHC2pan-
3.2 and Bepipred 2, respectively. Amino-acid

sequences of the chosen epitopes are listed in
Table 1.

Table 1: Amino acid sequences of the selected epitopes

L. m Lz CTL epitope

HTL epitope

BL epitope

Gp63  Gp63 KHLIPQALQLAVA SNTDFVMYVALTM  QLHTERLKVRQVQDKWKVIGMGDDVCS
KAREQYMPWGR  AIFQDVKHLIPQAL ~DFKVPPAHITDGLCQGNVQAAKDGGNAA

NAGCAF
k39 rk39

AGRRGPRAAA

SQLEATAAAKML  LASQLEATAAAKM RERMRVTLEERLRVAELRAAELAGVLEATA

ASQLEATAAAKM  SAARTAELASRLKA AAKTSAEKGALEQQLRESEASAAELAGVLE

SARAAELASQL TAA ATSAAKTAVEEDLEKIKG

L. m, Leishmania major; L. I, Leishmania infantuns; CTL, cytotoxic T-lymphocyte; HTL, helper T-
lymphocyte; BL, B-lymphocyte

Sequence of the multiple-epitope vaccine construct

Sequence of the multiple-epitope vaccine
construct was as follows:

MIKLKFGVFFIVLLS-
SAYAHGTPQNITDLCAEDHNTQIHTLND-
KIFSYTESLAGKREMAIITFKNGAT-
FQVEVPGSQHIDSQKKAITERMKDTLRI-
AYLTEAKVEKLCVWNNKTPHATIAAIS-
MANPAPA-
PASQLEATAAAKMAAYKKRAAELASQLAA
YKKLASQLEATAAAKMSAAAYKKKHLIPQ
ALQLAAYKKMPWGRNAGCAFAAYKKA-
VAKAREQYGSGSGSARTAELASRLKA-
TAAGSGSGSLASQLEATAAAKMSAGSGSGSS
NTDFVMYVGSGSGSALT-
MAIFQDGSGSGSVKHLIPQALKKQLH-
TERLKVRQVQDKWKVTGMGDDVCSDFKV
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PPAHITDGLKKCQGNVQAAKDGGNAAA-
GRRGPRAAAKKRERMRVTLEER-
LRVAELRAAELAGVLEATAAAK-
TSAEKKKGALEQQLRE-
SEASAAELAGVLEATSAAK-
TAVEEDLEKIKGPAPAPAMI-
KLKFGVFFIVLLS-
SAYAHGTPQNITDLCAEDHNTQIHTLND-
KIFSYTESLAGKREMAIITFKNGAT-
FQVEVPGSQHIDSQKKATERMKDTLRI-
AYLTEAKVEKLCVWNNKTPHAIAAISMAN
Cleavage site

Cleavage sites were predicted using
NetChop 3. Servers have predicted 162 cleav-
age sites for the multiple-epitope protein (data
not shown). The proteasome multi-complex
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consisted of enzymes that cut the proteins via
the peptide bonds, altering the proteins into
peptides. Peptides from proteasome cleavage
connect to class MHC-I molecules, move to
the cell membrane and then are presented to
cytotoxic T-cells.

Physicochemical characteristics

In general, number of the AAs was 588,
MW was 62752.09 Da and the theoretical
isoelectric point was 9.55. The total numbers
of negatively charged AAs (Glu and Asp) and
positively charged AAs (Arg and Lys) residues
were 55 and 80, respectively. The instability
index was computed as 37.33. Protein struc-
ture included a stable form. Half-life of the
protein was estimated nearly 30 h in mamma-
lian cells, more than 20 h in yeasts and more
than 10 h in E. /. The aliphatic index was

80.58 and the grand mean of hydropathicity
(GRAVY) was -0.244.

Prediction of immunogenicity, allergenicity
and toxicity

Results of the servers showed that the mul-
tiple-epitope vaccine was not allergenic.
Vaxigen server predicted possibility of the
multiple-epitope vaccine antigenicity as 0.7
and scores indicated that the currently de-
signed vaccine could produce effective im-
mune responses. All the selected epitopes in
the scaffold were predicted as non-allergenic
and nontoxic epitopes.

Secondary and tertiary structure prediction
Secondary and tertiary structure prediction
of the designed vaccine are shown in Figs. 1,

Fig. 1: Graphical output from the secondary structure prediction of the designed vaccine. Prediction was car-
ried out using PSIPRED server. Blue bars show confidence of the prediction
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Fig. 3: Ramachandran plot analysis of the peptide sequence

Geometric quality of the primary model was
analyzed using Ramachandran plot (Fig. 3),
showing that a majority of the peptide bonds
have rotated near axes of the helix. The 95%
residues were in the most favored allowed re-
gions. Therefore, geometry quality of the pre-
dicted vaccine was validated based on the Ra-
machandran plot.

Protein reverse translation and construct de-
sign for recombinant expression

Technically, it is necessary to reverse trans-
late AA sequences into nucleotide sequences
to construct cassette in plasmid vectors for the
expression of the protein. A 1764-bp opti-
mized codon sequence of the vaccine con-
struct was achieved using JCAT server. The
codon optimization index was reported as 1.0
and 50% of the GC content of the improved
nucleotides, revealing its higher expression
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possibility in E. co/i cells, cloned into the ex-
pression vector pET28a (+) virtually. Howev-
er, further analyses and laboratory orientations
such as macrophage loading and EVs purifica-
tion are necessary.

Discussion

In this study, a multiple-epitope peptide
vaccine was designed for Lezshmania species
via monocyte-derived EVs preparation. For
this purpose, 11 class-I and class-II HLA
epitopes from GP63 and r&39 proteins of L.
major and L. infantum were selected to con-
struct a multiple-epitope candidate vaccine. In
recent years, use of dendritic cell-derived exo-
somes as vaccines has demonstrated promis-
ing results, compared to dendritic cell-based
vaccines. Studies have shown that mice ad-
ministrated with APC-derived exosomes as a
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prophylactic strategy were completely protect-
ed against pathogens (13, 14). Presence of
MHC classes I and 1I on exosomes with high
numbers of costimulatory molecules and ad-
juvant effects of the exosome lipid composi-
tion make the exosome effective as good im-
munotherapy vehicles (15). Dendritic cell-
derived exosomes used in antitumor vaccines
are effective for boosting prophylactic im-
munity in animal models. However, this study
have shown less effective immune responses
of the hosts in clinical trials (15).

In personalized immunotherapy, isogenic
exosomes derived from the patients’ APC,
including isogenic MHC-I and MHC-II haplo-
types, are loaded with antigens (e.g., Leishmania
lysate). This can be incorporated by Leishmania
associated peptides, shifting leishmanial cells
into immunogenic targets. Furthermore, acti-
vation of CTL clone and efficient anti-parasite
cellular responses occur through release of
interferon y (IFN-y) and promotion of specif-
ic parasite-cell lysis. This process is significant-
ly further efficient when exosomes are derived
from mature lipopolysaccharide-treated APCs
(2). DC-secreted exosomes pulsed with T.
gondi-derived antigens 7z vitro could induce
strong activation of systemic and mucosal
immune responses in syngeneic and allogeneic
mice (14).

Practically, vaccines with broad ranges of re-
activity for approximately 90% of the ethnic
populations may be admissible for public use
due to the highly polymorphic nature of MHC
molecules. This could be achieved using 11
uniquely described HLA-restricted CD8"
epitopes (16, 17,18). They suggested that ex-
traction of four CD8" epitopes or more might
provide at least 90% coverages for Asian and
African ethnic groups. As a solution, a combi-
nation of class-I and class-1I epitopes could be
used for a wider population coverage of the
vaccine. Anam Naz et al. used a combination
of class-I and class prioritized epitopes for
designing multiple-epitope vaccines against
COVID-19 using MHC restricted alleles
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(A*01:01, A*03:01, A*02:01, A*24:02,
A*26:01, B*07:02, B*08:01, B*15:01,B*27:05,
B*40:01,B*39:01, B*58:01, HLA-
DRB1*03:01, and HLA- DRB1*15:01,
DRB1*07:01) and reported a population cov-
erage score of nearly 94% (19). Doolan et al.
identified HLA degenerated T-cell epitopes
trom Plasmodium falciparum validated for devel-
oping broadly efficacious epitope-based vac-
cines against infections. They designed a mul-
tiple-epitope vaccine that its epitopes bound
to 5-11 various HLA-DR molecules, covering
of nearly 90% of the ethnically diverse popula-
tion (20).

In this study, 11 class-I and class-II HLA
epitopes from GP63 and r&39 proteins of L.
major and L. infantum were selected to con-
struct a multiple-epitope vaccine candidate.
The 1. cholerae B-subunit was used as an adju-
vant. Due to lack of an epitope prediction
server for canine MHC, multiple sequence
alignhments were carried out and similar hu-
man and canine MHC alleles were identified.
In the recent study, frequent human MHC
alleles were replaced for canine MHC alleles to
predict the epitopes. Similar allogenic MHC
alleles are suggested to include capacity for the
induction of canine immune responses. Thus,
EVs derived from the associated monocytes
loaded with a recombinant multiple-epitope
vaccine candidate may be useful to fight L.
major and L. infantum infections in humans and
dogs. Theoretically, exosomal vaccines can
activate T-lymphocytes in recipients via three
various mechanisms of i) exosomal MHC-
peptide complexes binding to T-lymphocytes
(direct activation); ii) recycling of the exoso-
mal vaccine MHC onto the surface of the re-
cipient APCs (cross dressing); and iii) peptide
loading on endogenous MHC molecules via
exosomal vaccine degradation and processing
by the recipient APCs. In the latter mecha-
nisms, MHC match between the patients and
exosome donors is not necessary and hence
allogenic exosomes can be used with further
viabilities (21).
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Exosomes lacking class-I MHC and those
with class-I and class-II MHC mismatches
induced promising results for cancer treat-
ment (22). Although MHC- identical exo-
somes can directly activate T cells via present-
ing peptide-MHC complexes to T-cells, their
study revealed that exosome-induced immune
responses could be independent of MHC
molecules. These findings have verified that
antigen delivery and presentation by the host
APCs are more important than direct T-cell
activation by exosomal MHC-peptide com-
plexes. Therefore, syngeneic and allogeneic
exosomes can induce stimulation of immune
cells and exosome immunotherapy can be ap-
plied using allogeneic APC-derived exosomes
(22).

Conclusion

A multiple-epitope peptide vaccine with
high antigenicity, no allergenesity and no tox-
icity was designed for monocyte-derived EV
preparation against the zoonotic parasite of
Leishmania, the agent of severe visceral and
cutaneous leishmaniosis. In conclusion, this
vaccine candidate can be used for further de-
velopments.

Acknowledgements

The authors thank Research Council, Facul-
ty of Veterinary Medicine, University of Teh-
ran. Moreover, they thank staff within Raste-
gar Reference Laboratory. The current study

did not receive funds/grants from grant bod-
ies.

Conflict of interest
The authors declare no conflict of interest.

References

1. Marshall S, Kelly PH, Singh BK, Marshall R.
Extracellular release of virulence factor

Available at: http://ijpa.tums.ac.ir

10.

major surface protease via exosomes in
Leishmania infantum promastigotes. Parasit
Vectors .2018; 11(1):355.

Rezaei Z , Van Reet N, Pouladfar G, Vera
Kuhne, Ramezani A, Sarkari B, Pourabbas
B, Bischer P. Expression of a rK39
homologue from an Iranian Leishmania
infantum isolate in Leishmania tarentolae for
serodiagnosis of visceral leishmaniasis.
Parasit Vectors. 2019; 12:593.

de Oliveira LMF, Morale MG, Chaves
AAM, et al. Design, immune responses and
anti-tumor potential of an HPV16 EGE7
multi-epitope vaccine. PLoS One. 2015;
10(9):e0139686.

Smith V L, Cheng Y, Bryant B R, Schorey ]
S. Exosomes function in  antigen
presentation during an in vivo Mycobacterium
tuberculosis  infection. Sci  Rep. 2017];
7:43578.

da Silva L F, Fajardo E, Chang K, Pauline
Clément, Olivier M. Leishmania
Exosomes/extracellular vesicles containing
GPG63 are essential for enhance cutaneous
leishmaniasis ~ development upon  co-
inoculation of Leishmania amazonensis and its
exosomes. Front Cell Infect Microbiol. 2022;
11:709258.

Taieb J, Chaput N, Zitvogel L. Dendritic
cell-derived exosomes as cell-free peptide-
based vaccines. Crit Rev Immunol. 2005;
25(3): 215-23.

Nikfarjam S, Rezaie ] , Kashanchi F , Jafari
R. Dexosomes as a cell-free vaccine for
cancer immunotherapy. ] Exp Clin Cancer
Res. 2020; 39: 258.

Samuel M, Gabrielsson S. Personalized
medicine and back—allogeneic exosomes for
cancer immunotherapy. ] Intern Med. 2021;
289(2):138-146.

Moyle PM, Toth I. "Modern subunit
vaccines: development, components and
research opportunities”. ChemMedChem.
2013; 8(3): 360-376.

Abedini F, Rahmanian N, Heidari Z, Feizi
A, Sherkat R, Rezaei M. Diversity of HLA
class 1 and «class II alleles in Iran
populations: Systematic review and Meta-
Analaysis. Transpl Immunol. 2021; 69:
101472.

160



11.

12.

13.

14.

15.

16.

161

Iran J Parasitol: Vol. 19, No. 2, Apr-Jun 2024, pp.153-161

Dariushnejad H, Ghorbanzadeh V, Akbari
S, Hashemzadeh P. Design of a Novel
Recombinant ~ Multi-Epitope ~ Vaccine
against Triple-Negative Breast Cancer. Iran
Biomed J. 2022; 26(2): 160-74.

Minhas V, Shrestha A, Wadhwa N, et al.
Novel sperm and gonadotropin-releasing

hormone-based recombinant fusion protein:

Achievement of 100%  contraceptive
efficacy by co-immunization of male and

female mice. Mol Reprod Dev. 2016; 83(12):

1048-1059.

da Silva L F, Fajardo E, Chang K, et al.
Leishmania Exosomes/extracellular vesicles
containing GPG63 are essential for enhance
cutaneous leishmaniasis development upon
co-inoculation of Leishmania amazonensis and
its exosomes. Front Cell Infect Microbiol.
2022; 11:709258.

Beauvillain C, Ruiz S, Guiton R, et al. A
vaccine based on exosomes secreted by a
dendritic cell line confers protection against
T. gondii infection in syngeneic and
allogeneic mice. Microbes Infect. 2007;
9(14-15): 1614-22.

Hao S, Bai O, Fang Li, et al. Mature
dendritic cells pulsed with exosomes
stimulate efficient cytotoxic T-lymphocyte
responses and antitumour immunity.
Immunology. 2007; 120(1): 90-102.

Misra N, Panda PK, Shah K, et al
Population coverage analysis of T-cell
epitopes of Neisseria meningitidis serogroup b
from iron acquisition proteins for vaccine
design. Bioinformation. 2011; 6(7):255-61.

17.

18.

19.

20.

21.

22.

Longmate ], York ], La Rosa C, et al.
Population coverage by HLA class-I
restricted cytotoxic T-lymphocyte epitopes.
Immunogenetics. 2001; 52(3-4): 165-73.
Ishwarlall Z, Adeleke T , Maharaj L, et al.
Identification ~of potential  candidate
vaccines against Mycobacterium ulcerans based
on the major facilitator superfamily
transporter protein, Front Immunol. 2022;
13:1023558.

Naz A, Shahid F | Tahir Butt T, et al
Designing multi-epitope vaccines to combat
emerging  Coronavirus  disease 2019
(COVID-19) by employing immuno-
informatics approach. Front Immunol. 2020;
11: 1663.

Doolan D L, Southwood S, Chesnut R | et
al. HLA-DR-promiscuous T cell epitopes
trom Plasmodinm falciparum pre-erythrocytic-
stage antigens restricted by multiple HLA
class II alleles. ] Immunol. 2000
165(2):1123-37.

Andre F, Chaput N, Schartz NE, et al.
Exosomes as potent cell-free peptide-based
vaccine. 1. Dendritic cell-derived exosomes
transfer functional MHC class I/peptide
complexes to dendritic cells. ] Immunol.
2004; 172(4): 2126-21306.

Hiltbrunner S, Larssen P, Eldh M, et al.
Exosomal cancer immunotherapy is
independent of MHC molecules on
exosomes. Oncotarget. 2016; 7(25): 38707-
38717.

Available at: http://ijpa.tums.ac.ir




