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Immunization has been performed for centuries and is generally accepted as a sustainable method of
controlling bacteria, viruses, and mediated and infectious diseases. Despite many studies having been
performed on animal subjects to demonstrate the importance of toxin immunity, the use of toxoid vac-
cines in humans and animals has been limited for a long time. Recently, the development of the tox-
oid antigen delivery system has been facilitated using novel nano-medicinal technology. The mi-
cro/nano-carrier has been used to improve vaccination coverage as well as reduce vaccine costs. A
micro/nano-carrier is a micro/nano-sized material that delivers immune cargo, including recombinant
or peptide toxoid antigens. These toxoid antigens are either encapsulated in the interior or displayed
on the surface of micro/nano-carriers as a way to protect them from the cellular machinery. In partic-
ular, the combination of toxoid antigens and micro/nano-carriers can induce phagocytosis through the
specific interactions between GCs and macrophages; thus, the toxoid antigens can be delivered easily
into the macrophages. This paper reviews recent achievements of micro/nano-carriers in the field of
vaccine delivery systems such as microbial ghost cells (GCs, Bacterial ghost cells and Yeast ghost
cells), gene-manipulated outer membrane vesicles (OMVs) and biocompatible, polymer-based nano-
particles (NPs, NP-Carrier and NP-Cage). Finally, this review shows various aspects in terms of the

hosts” immune responses.
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Ghost cells (GCs)

Ghost cell (GCs)= M| FHE 7HA L gov EE3
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A AEe u guld & lipopolysaccharide (LPS)9F 2 o]
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Bacterial ghost cells (BGCs)

BGCs<= Escherichia coli, Vibrio cholerae, Mannheimia haemo-
Iytion &3 2 I8 £ Aol A Fed AE & on|
SHT}25, 26, 43, 62]. Al W F-9] EAste FHAEH, AX &
1% & AASY) Siste] dWAd E-ujs) &3 (Protein
E-mediated lysis)e o] &3t @32 E-m7) &3 bac-
teriophage OX1748] SFAE &3 oA 2 ATH[96]. &
By Ee &4 @ dldZRN E coli M2 Y EE
£4go] Y= polar F&o = ot #Fsh= HY
T2E 490 AEA G wjek wjA o AFEY Aol o]

Table 1. Classification of toxoid antigen delivery system using micro/nano-carrier

Micro/Nano-carrier Classification Additional linkage step for toxoid antigen
GCs BGCs Non-necessary
YGCs Necessary (chemical treatment)
OMVs OMVs Non-necessary
NPs NI\I;I;C_::;? Necessary (chemical treatment)

Table 2. Delivery of toxoid antigen using GCs delivery system

Type of GCs Pathogens Antigen Reference
. ) MOMPs
Chylamydia trachomatis PmpC [64]
E coli OI57-H7 Shiga toxin ?St?dB, Stx2A) [14]
Intimin [52]
K88 (serotype K88ab, K88ac)

K99 [51]

FasA

BGGs Enterotoxigenic E. coli (ETEC)

FedA
FedF [52]

F41
Haemophilus influenzae Omp26 [74]
Streptococcus  iniae GAPDH [71]
Hepatitis B virus Hepatitis B core antigen (HBcAg-149) [47]
F18" E.coli FedF [2]
YGCs Hepatitis B virus Hepatitis B surface antigen (HBsAg) [84]
Polyoma virus U65 (self-aggregating peptide scaffold) [87]
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Fig. 1. Delivery of toxoid antigen using GCs and induction immune response. (A) Preparation of GCs and toxoid antigen-GCs.
(B) Signaling of dectin-1 on phagocytes by administration of GCs [6].
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Yeast ghost cells (YGCs)

YGCsv= AR dd TE FolA Saccharomyces cer-
evisiae (Baker's yeast)oi—rﬁ %f& o3 FE< vy,
2~3 um A7]¢] &o] Hlof Q= Ak FEjo|th[42, 70, 95]. S.
cerevisiae ©] M E ¥ & ‘3_}‘:_‘?_}‘3“7& 2 W E}-(1,3)-= F1L, W E
-1L6)-=F7 To2 FA4H Jlon, YCCs= W E-(1,3)-2
F F9ths F25t7] o] WeE-2 73 YA (Beta-glu-
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Fig. 2. Delivery of toxoid antigen using OMVs and induction immune response. (A) A type of OMVs for delivery of toxoid antigen.
(B) Immune response of host cell by administration of OMVs [17].
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Jﬂ‘f s}7F A8k al, o] 21 0] Spleen tyrosine kinase (Syk) fam-
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2B).
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Nanoparticles (NPs)
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Fig. 3. Delivery of toxoid antigen using NPs and induction immune response. (A) A type of NPs for delivery of toxoid antigen.
(B) Size-dependent uptake of NPs on phagocytes. The scheme was adapted with modification from the paper (Reto A.

Schwendener) and Copyright has SAGE Publications [79].
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Table 3. Delivery of toxoid antigen using OMVs delivery system

Pathogen Antigen Reference
Acinetobacter baumannii Omp22 [41]
Borrelia burgdorferi OspA [75]
Bordetella pertussis Adenylate cyclase toxin (ACT) [23]
Brucella abortus S99 LPS [81]
Chlamydia muridaum HtrA [5]
ESAT6
Mycobacterium tuberculosis Ag85B [20]
Rv2660c
o L fHdp [75]
Neisseria meningitidis NadA [86]
SpyCEP
Sterptococcus pyogenes (Group A) Streptolysin O
Spy0269 [28]
Streptococcus pyogenes (Group B) SAM_1372

=2 TEo] 9lTh4, 18] & E9¢1, H
2 EaolE S Lﬁf?} PLA PEG 44 ¢] NP-cage™
FoF oFHE F syl
aluminum phosphate?] % 0.2 mg° Z ZoHARE 7IE H
BPrs a0l WAR fAS ZRE RATHE]. E=F,
PLGA £8M & HZH ot S40l= Fd3t A Aedlet
o] NP-cage® A& thg, cellobiose® IE 3t 4+ HF
A B0t FAS AR Lurd 5 9l A E NP<ages

ARt A7 237k 18],

NPsOl Qs === HYursS

NPs& Al Zste &4 2 AZ2Le] o =of upe} 2714 g
Bjoll A Ztol 7k U, Al Z 29| NPs &% 2ol & H
H, NPs& o] 83t HLdtes Eaolt FY E#%oh
&S 1 T3, 94]. NPse 2715 50 nmeol A 1 um7}A,
Y5 78, 4oy, 23 2 gysiste] Ay A Zof

Table 4. Delivery of toxoid antigen using NPs delivery system

Agetde W, 271e A4S P T NPso] Al £
29 FFEol 7 Bohe A7 A7t AE] ALAZFY
7| E4bE o] 8319 NP-cageE AXT AT HIAE 106
kDa®] 7]E4F NP-cageHTh 42 kDa9] A& 7]E4F NP-
Cage® IgG % IgA &A 477t O &S BoFE 97
A7E AATH1L, 67]. ol & NPs9| 717 M Z F4&20
ofUet A AHAE FFs & AR AZHTL, 30]
NPs?] i71—: F5E ool & HAIE Fgo] YEhE A4
X FHAE FFE vAH, 055 um 2719 NPs th2] A
X 46& AAZ Zgo] F2 YehL, 1 oste] &2 7]
(20~200 nm)®] NPs2 WA A E Rohs FA4 Axd o
AAE Ago] B dzst] Yehdt59, 69] (Fig. 3B).

2 =

SaolEt GO2E 47 % Es oo} 3, 1440z

Type of NPs Pathogen Antigen Reference
yp g 8
Bacillus anthracis Protective antigen (PA) [83]
NP-carrier Neisseria menmgltzées NadA. [92]
Streptococcus equi M protein [32]
Human immunodeficiency virus-1 (HIV-1) SF12 (envelope protein) [92]
Bordetella pertussis Pertussis toxoid [19]
Clostridium tetani Tetanus toxoid [4, 34]
Corynebacterium diphtheriae Diphtheria toxoid [18]
Bovine parainfluenza 3 virus (BPI3V) BPI3V antigen [60]
NP-cage Hepatitis B virus HBsAg [44]
Human T-lymphotropic virus type 1 (HTLV-1) Env13 [1]
ymp P yp Env23

Measles virus

Measles antigen [11]
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