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ABSTRACT
Article Info: C [N The genus of Lactococcus lactis belonging to the Lactic Acid Bacteria (LAB) group, is
26 Feb 2020 : agram-positive, faculative anaerobic, non-spore-forming, and non-motile bacterium. The present study
12 Aug 2020 aimed to introduce LAB, especially non-pathogenic, non-invasive, and safe Lactococcus lactis. Accord-
01 Feb 2021 ingly, we examined the previous studies concerning the advantages, limitations, promotion methods,

and future prospects of oral vaccines based on this bacterium. This is because it is a potentially promising
strategy for the vaccine production and prevention of some infectious diseases.

In this review article, 62 studies related to Lactococcus lactis and its application in
producing oral vaccines were collected through searching databases, such as PubMed, Google Scholar,
Scopus published from 1981 to 2020.

This article was approved by the Ethical Research Committee of Arak University of
Medical Sciences with the number 1396/99.

I Lactococcus lactis, as a safe microorganism, is widely used in the food industry. Live recombinant
Lactococcus lactis as a "biologic drug" is orally administered as one of the live vaccines expressing viral
and bacterial antigens.

Keywords: Recombinant Lactococcus-based vector can be suitable substitutes for live attenuated vac-
Immunity, Lactococ- :  cines. Moreover, it can be a safe and food-grade host for manufacturing the desired products of human
cus lactis, Mucosal, consumption over other systems. It also presents a high potential for vaccine delivery, especially through
Vaccine ' mucosal methods to prevent or treat certain diseases.

tifying the immunogenic antigens capable of eliciting the
necessary immune response to fight pathogens and their de-

1. Introduction livery system [7]. The present review study aimed to intro-
duce non-pathogenic, non-invasive, and safe Lactococcus
accines used to prevent and control patho- lactis bacteria. Furthermore, we evaluated the advantages
gens include DNA vaccines, subunit vac- and limitations of using recombinant Lactococcus lactis-
cines, attenuated live vaccines, as well as based vaccines; review studies on oral vaccines based on
vector (carrier) vaccines. Current strate- them; vaccine promotion methods and future prospects, as
gies have focused on developing novel a promising strategy for vaccine production, and preventing
vaccines against infectious diseases; they are based on iden- some infectious diseases.
T e u
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Figure 1. The mechanism of the anti-inflammatory effect of the oral administration of Lactococcus lactis strain NCDO2118 [31]

2. Materials and Methods

In this review article, 62 articles related to Lactococcus
and its wide applications concerning oral vaccine production
were collected from 1998 to 2020. Accordingly, we searched
the following databases: Scopus, PubMed, and Google
Scholar databases. The keywords used in this study included
“Immunity, Lactococcus lactis, and Mucosal, Vaccine” (Fig-
ures 1,2, 3,4 & Table 1).

3. Results

Lactococcus lactis is Generally Recognized As Safe
(GRAS) and can be widely used in the food industry. Live
recombinant Lactococcus lactis, as a biopharmaceutical, is
administered orally as a live vaccine expressing viral and
bacterial antigens.

Figure 2. Anchor protein antigens delivery system purified with GEM particles [33]

4. Discussion and Conclusion

Vectors based on recombinant lactococci can be desirable
alternatives to attenuated strain vaccines. Furthermore, they
can be considered as a food-grade and safe host for pro-
ducing human products, compared to other manufacturing
systems. It also has a high potential for vaccine delivery,
especially through mucosal methods for the prevention or
treatment of some diseases. Additionally, Lactococcus lac-
tis is among the most suitable cellular plants for the expres-
sion and secretion of heterologous proteins. A reason for the
widespread use of this bacterium is the rapid secretion of
protein in this bacterium and the feasible purification of the
protein. Moreover, Lactococcus lactis is an efficient host for
producing recombinant proteins for therapeutic purposes
[34]. Lactococci, for several main reasons, can induce mu-
cosal immunity (secretory IgA secretion) and systemic im-
munity, resist acidic gastric conditions, bind to the intestinal
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Figure 3. The gene map of pNZ8122 expression vector in Lactococcus lactis host [36, 49] <22 Arak University of IViedical Sciences

epithelium, and enhance the immune response as an adju-
vant. Besides, the poor immune response against them, less
immunity tolerance to them, also less adverse effects make
it an appropriate option of live vectors in immunotherapy
and immunoprophylaxis. With these characteristics, LAB-
based vectors are a suitable alternative to vaccines for the
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attenuated strains of pathogenic microorganisms, lipo-
somes, and microparticles [1]. Recombinant lactococcus,
as a food-grade safe host for producing the desired product,
food, or other human consumption is safer than other pro-
duction systems. However, using such genetically modified
microorganisms requires extensive clinical and controlled
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Figure 4. The induction of mucosal immune response during oral vaccine use
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Table 1. Experiences with using recombinant Lactococcus lactis as an oral vaccine

Target Microorganisms Antigen Findings Study Methods Reference
Producing recombinant Omp16 fusion protein (interleukin-2
Brucela Milli Tennessee  Omp16-1L2 |ncorporated). & prqducmg recombmanF Lact.ococcus lactis In V‘IVO on (38, 50]
MG1363 strain carrying this immunogenic antigen as an oral animals
vaccine against brucellosis.
Expressing CaglL and developing a recombinant strain of Lac- In vivo on
Helicobacter pylori CaglL tococcus lactis MG1363 expressing Cagl protein as an oral animals [51]
vaccine against Helicobacter pylori.
- . Toxin B cloning an ression in L lactis with th .
Clostridium difficile Toxin B oxin B cloning a d expression | actococcus lactis with the In vitro [52]
aim of future oral vaccine use.
9? Developing the recombinant strain of Lactococcus lactis ex-
Q
o ) . pressing UreB, increase in serum IgG and fecal IgA levels after In vivo on
= Helicobacter pylori UreB L . ; - ; 53
2 I pylort the oral administration of the recombinant strain and protec- animals (3]
g.. tive effect after challenge with Helicobacter pylori.
23 . - Increase in serum IgG and fecal IgA levels after the oral ad- ]
e Enterotoxic Escherichia - . . . - In vivo on
< coli ETEC K88 F4 ministration of recombinant Lactococcus lactis and protective animls [17]
% effect during challenge with ETEC.
2 Increase in 1gG and lethal T lymphocyte levels after the oral Invivo on
Listeria monocytogenes LLO administration of recombinant Lactococcus lactis and protec- . [54]
. . IR animals
tive effect during challenge with Listeria monocytogenes.
Increased serum IgG and IgA levels and increased cellular im-
. . mune response after the oral administration of recombinant In vivo on
Yersiniasodotuberculosis LerV . . . ) ) [55]
Lactococcus strain and protective effect during challenge with animals
Yersiniasodotuberculosis.
Increase in serum IgG and fecal IgA levels after the oral admin- In vivo on
Avriziplottrix rosiopathy SpaA istration of recombinant strain of Lactococcus lactis and pro- animals [56]
tective effect against inoculation with Ariziplotrix rosiopathy.
Increase in serum IgG and fecal IgA levels and increase cellular
V2-V4 Loop . L . . .
. immune response after the oral administration of recombi- In vivo on
HIV Coating . ) L . [45]
Protein nant Lactococcus lactis strain and decrease in viral load after animals

challenge with HIV vaccine expressing HIV coat protein.

The elevation of I1gG and virus-neutralizing antibodies after ;
In vivo on

g Dengue virus EDIII the oral administration of recombinant Lactococcus strain animals [57]
5 expressing a viral antigen.
F‘g"' The elevation of I1gG and virus-neutralizing antibodies after In vivo on
= Rotavirus VP7 the oral administration of recombinant Lactococcus strain animals [58]
& expressing a viral antigen.
Q . . .
@ Increase in serum IgG level, IgA level in feces and secretions,
= . llular immune r nse, and virus-neutralizing antibodi In vivo on
2 Rotavirus VP4 cellula une response, a d virus eut_a g antibodies ivo o [59]
after the oral administration of recombinant Lactococcus animals
strain expressing the viral antigen.
Increase in serum IgG level, IgA level in feces, and virus-neu- Invivo on
TGEV S protein  tralizing antibodies after the oral administration of recombi- animals [60]
nant Lactococcus strain expressing the viral antigen.
- Increase in serum IgG and decrease in parasitism after the
3 . oral administration of recombinant Lactococcus strain ex- In vivo on
& Rodent malaria Mspl ) . . 5 . ; [61]
Qg pressing the antigen and during challenge with Plasmodium animals
g g.. parasites.
w § Increase in fecal IgA and decrease in the number of excretory In vivo on
<) Giardia Lamblia CwP2 cysts after the oral administration of recombinant antigen- animals [62]
v expressing Lactococcus strain during challenge with Giardia.
. . . . . . In vivo on
z Inflammatory bowel Interleukin  The expression of interleukin 10 in recombinant Lactococcus
<] ) . ) ; humans; phase  [30, 43]
3 disease (crown shape) 10 lactis by replacement with thymidylate synthase gene. L
=f one: clinical
3
g_ Inflamed intestine (coli- Interleukin  The expression of interleukin 10 in recombinant Lactococcus In vivo on (30]
g tis with the ulcer) 10 lactis by replacement with thymidylate synthase gene. humans
o Oral mucositis (inflam- . . . . In vivo on
® . ( The expression of trophovirus factor in recombinant Lacto-
3 mation of the oral TFF1 factor . . X humans; phase [44]
@ coccus lactis by replacement with thymidylate synthase gene. e
mucosa) one: clinical
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studies and the proper evaluation of the performance and
safety of such drugs, especially for humans.
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10. Trefoil Factor
11. Tumor Necrosing Factor (TNF)
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12. Gram-Positive Enhancer Matrix (GEM)
13. Protein anchor
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15. Green Fluorescent Protein (GFP)

14. Nisin Controlled Gene Expression System (NICE)
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16. Multiple cloning site
17. Antigen Presenting Cell (APC)
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20. Genetically Modified Microorganisms (GMM)
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18.The International Council for Harmonisation of Technical Re-
quirements for Pharmaceuticals for Human Use (ICH)

19. Good manufacturing practice (GMP)
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