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Efficacy of polylactide-co-glycolic acid (PLGA) microparticle encapsulating
Edwardsiella tarda formalin killed cell (FKC) vaccine
in Israeli carp (Cyprinus carpio)

Tae Won Jang, Eun Chong Yang, Jae Hoon Kim and Sanghoon Choi'

Department of Aquatic Life Medicine, College of Ocean Science and Technology,
Kunsan National University, 558 Daehak-ro, Gunsan-si, Jeonbuk, Korea

This study evaluated the effectiveness of polylactide-co-glycolic acid (PLGA) as a vaccine delivery
vehicle in fish. Israeli carp were immunized with a formalin-inactivated Edwardsiella tarda vaccine
(PLGA-FKC) encapsulated in PLGA microparticles using the W/O/W emulsion method, administered
both orally and via intraperitoneal (I.P.) injection. Immune responses were analyzed, including antibody
titers, cytokine expression, and antibacterial activity. Results showed that PLGA-FKC maintained anti-
genicity longer than FKC, with elevated antibody titers and immune responses at weeks 8 and 10.
The PLGA-FKC vaccine demonstrated enhanced pathogen resistance, with survival rates of 60% for
oral and 70% for i.p. administration. As results, the study confirms that both oral and i.p administration
of PLGA-FKC vaccines in adult carp elicit immune enhancement and pathogen resistance. These
results support the need for further studies on PLGA-encapsulated oral vaccines targeting various
pathogenic microorganisms, including bacteria like E. tarda and viruses.

Key words: formalin-inactivated vaccine, poly lactide-co-glycolic acid, agglutination, immune-related
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E. tarda= KCTC
(12267)°1 4] £ 80°Coll A HA3Z F5
£ AH&stt A3 TFE 3535 Brain
heart infusion (BHI, BD, New Jersey, US) brotholl
HFEskaL 25°Col A 24A17t Bl F & Salmonella shi-
gella (SS, BD, New Jersey, US) agar= Alt] =i 3}
Atk olF FA4E 54 == Fslke] BHI broth
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x 10° CFUmMIZ THEo] X223 1% 25°Co A
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Poly lactide—co—glycolic acid (PLGA) HHiAl9|
ZH|

Water-in-oil-in-water (W/O/W)2] t}5 o2 A &
v S W o2 FKCE +$F PLGA (MW 66,000
—107,000, Sigma, USA) microparticles (MPs)E A &
S tH(Pérez et al., 2002). A|ZE PLGA 210 mgs
3 ml Dichloro methane®l] vortex mixer®. 2 83} 3}1L
o] FKC 500 plE gL2oA 1% 59 13,500 rpm
9] #&A7|(Ultr a Turrax T25 Stirrer Janke & kunkel,
Staufen)o| A &3+ & F-3}A]71 3 12} water-in-oil
(W/0)S] & dEdE FAZAFHS o] & 50 mlo]
4% Poly vinyl alcohol (PVA, MW 89,000-98,000,
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RNA extraction and reverse transcription PCR
(RT—PCR)

o]zetd Jol¢] total RNAE w2]3t7] A3l &
Zd F41& homogenizerZ #43+ & Tri reagent
(Sigma, USA)E A g]star Aol 5483t ‘:]'7}
chloroform (CHCL;, Sigma, USA)S 3 7}3 }04 S
g 5 Aol 3&3 WAsAT. 2 ¥ 4°C°ﬂ’\1
12,000 x g2 153+ A4l #ejste] dojxl £
=5 N 22 eppendorf tubedll 271 Isopropyl alco-
hol (CH;CHOHCH;, Mallinckrodt, UK)& ¥ U}
wRkake] 1087 A $ T oA 44 4
sttt A4 EE 3 RS BF A AL 75%
ethyl alchol2 2o 4°Col|A] 7,500 x g2 5&-7F 4]
T e B HEa Aol 1587 AXAIA
t}. o] % Diethyl pyrocarbonate (DEPC) waterE 50
ul ¥ RNA pellete] ¢33 ZAX =& wHt 3
%Gth RNAY FE9 X+ spectrophotometry
(Infinite M200, TECAN)Z ©]&3}o] =43}
1% agarose gelS ©]&3F H7|FFOZ RNAZ
qualitys &1ttt dojxl RNAE M-MULV
cDNA Synthesis kit (Enzynomics, Korea)2] ol
u}2} cDNAE A&t it

Quantitative PCR(gPCR)

Interleukin-1p (IL-1p), IL-6, IL-10, tumor necrosis
factor-a. (TNF-a), IgM, T cell receptor (TCR), MHC
class I % B-actin®] gene expression 412 Exicy-
cler™96 (Bioneer, Korea)S ©]-&3}o] &213} 4t

Total volume®] 20 ul7} ¥ == cDNA 2 pl, Accu
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Power® 2X GreenStar™ qPCR Master mix (Bioneer,
Korea) 10 pl, forward primer®} reverse primerS 1
pl#® % 2 ul, 28] 3 DEPC water 6 plE &334
t}. qPCR 95°C (10%) 28] 3L 95°C (30%), 60°C
(30x), 72°C 30%)Y] AL Z 40 cycless A XIS}
St} PCRo] £ F melting curveE E4]3}o] ©
A hEo] AAHISTS St o™ 24249 tar-
get gene expression< B-actin gene expression S Z 5
B BA3le] 244 method®E =74 80tk qPCRO
AL&-E primer= Table 1] AA]SFA T

23% M8

FKC$} PLGA-FKCE ®4 dz <0, 2, 4,
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100 pl A EFSAT 1 5 o S-S s
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F % 25°Col A 2447t B v A AT o) F
o' FA 9 & A7tE #EEU
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AAE -
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Zt o HE2 109 7 AEE olxgd o]
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AFE T8l 42 ¢©
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Table 1. Primers used for amplification of specific transcripts by quantitative PCR.
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Target Sequence(5’ to 37) Product size (bp)  Accession number
™S b TGGAAGACACCTGGCTGTA 16 An11800
1D R AGGTAGAGGTTGCTGTTGGAA 206 ABOIGTO
6 R GCATGACCCATATATGACCCA 256 AY 10263
10§ CCCOCTTGAGATCCTGAAATAT 12 ABIIOTS0
WM b GeGTCATCGGTICACCCTTT 1 ABODAL05
TR R GECAATTICATCCACTGTGC 269 ABA30330
disl R CAGAGAGATTAATIG 2 BU203656
Bain  p  CCGTCAGGCAGCTCATAGET s M
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REEREEEPOT
AP BIVESH o Fel vhel Al REH ~E
H 27 A7) Wi "S53 AdSA &
IE 7| = glvke= @ o] A th(Heppell and
Davis, 2000). ©]21gt A& TFA17]7] AdiM e &
3] Fo2r 5ol WY ghgo] Z77 A&
28 EPJW}X] a4 —’F %E HAZAA 7} @ F
Fof7} o Fo

714 ol A= 9l
W o g Wy 3 A)\U]-(Park et al., 2010).
PLGAE ThJ3t 9|8 &8 HofdA = 4

Ao A, #E wA 2 HF: FHYG 22 Ré?féﬂ
7 Alzol AHgE Ao AR TEAZA <F
E Ag Al=HoF ARE-E AL 9ITHYoon, 2008). &
AFolM = Wale] a4 AGAZA PLGAS
o] -&3le] wW/Oo/W B H Wy o & PLGA-FKCH
A& AzsAY. £33 A ZH PLGA-FKCH A
Atz el Frhste] Foste tial 4 Ao gk
N1z A8E FHE3A; zondeE ©] &3t AT
Fol stlem FAle Bog Fojd Wt
WY wkg 2ol & Felstax} %}ﬁt} H“*J ?04

N7

KUN

G oA(Cyprinus carpio)ell 1Xe B

FKC7} A3 A o2 &Y HA=A &13t7] 9130
Aol Q= E tardas FL3 WO R oH A S
= wj e =@stth 1 AR E tarda®] F o] @
AAEom o]gdt A= PLGA-FKC7F 44
02 AzxHATE AM S FAlskaL AThFig. 1).
Fig. 2= FKCS} PLGA-FKC ¥Wj4lg 77 & 57
o2 5% & AFA Al EFRIS dE<] TNF-
a, IL-1p % 1L-6, 2831 FFZA Aol E71 9]
A< IL-109] th3t F-AA FH S BHoqFa Q)
o @54 AllEZRlE HETE AR EA4st
(Huttenhuis et al., 2006)8} 71} T2 A £, 2} 2
A EZ(NCC) ¥ T& Ato]EFIRI e 847 W&Es
FedozN WY ¥hg& A53tal &
THLow et al., 2003). G543 Alo| B2l 1t
A& BW FKCT 2 PLGA-FKC—TL TNF-ql A 25
2k g 45 Aol HayS Holw 65 ARE A
&=, PLGA-FKC°] FKC the] 2hutslA 7+
Aste S Bola ok o] A= FKC
ZHA 9] ghelo] A3} glo] AR Fojxo] @A
F el ko] 543 doljyton AJ7te] A
ol wet Aol §435] agithe AMES ¢
A& Fa1 Qi) A PLGAE o243} ¥ PLGA-
FKC®] 7-F ©AIZF Yo+ FKCS 553 394
< HolA|RE A|Zto] Aol &= EF-8Fal FKCOl H]

>«

3 Yol 94 AA(p<0.05) A& E ATt ©]
g3t 235 193] £ @ PLGAYl B Y% FKC
o] PLGAS AH-3 A Yo A HFS A
= 22k ¥

A5 A5H O AT HYL A

Fig. 1. Scanning electron micrograph of PLGA microparticles encapsulating E. tarda formalin-killed cells (A). Scanning
electron micrograph of PLGA microparticles encapsulating non-E. tarda formalin-killed cells (B).
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Relative expression of TNF-a gene

Weeks post vaccination

IL-6

Relative expression of IL-6 gene

Weeks post vaccination

=3 Control (I.P.)
B2 FKC (I.P.)
BE= FKC + PLGA (I.P.)
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[ FKC (P.O)
B FKC + PLGA (P.O.)

o
)
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o
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Relative expression of IL-1B8 gene

Weeks post vaccination

IL-10

Relative expression of IL-10 gene

Weeks post vaccination

=3 Control (I.P.)
B2 FKC (I.P.)
BE= FKC + PLGA (I.P.)

1 Control (P.O.)
[ FKC (P.O.)
Il FKC + PLGA (P.O.)

Fig. 2. Effects of FKC and PLGA-FKC on relative mRNA gene expression of TNF-a, IL-1f, IL-6, and IL-10 in
Israeli carp. I. carp were P.O. and LP. administered by FKC or PLGA-FKC (n=4). Bars represent means+standard

errors of the mean (p <0.05).

o7 FAdH
FASAA Al EZIY LFQ IL-102> 243}
B oA Ee} 24 TA X o8] AdE = o
AR E2 75 S JAlsts Ao Ruga o
(Fiorentino et al., 1991). & HFA Alo|EFIIE
] IL- 10‘4 l:ﬂ—tf:] a’koﬂ H] °H }\]—q] Aoz 1)-0]-1] L} 2
T 2F 9 45 Aol AFA Al EFRRIo]l HaH ¢
DEFS B o IL-105 SA o S35 &
Btk ol dye FEFA Aol BRI
FA ARl E7EQIFo] Ao Q1 2EA-8-o ¢
Ao 2 =2 4 AtH(Zhang and An, 2007).
PLGA-FKCT M= 77 2 57 HFl Jasl
o] 105 zpol] ZE A0 EFIJE ] do] U2
o4 A F7Hp<0.05)3F ATt
Walel A8 HABEHE dolr 7] A3 IgM,
TCR % MHC class IIol] o3t f-AA} @S 2293
Ay BT 65 A7 A= AR oY 8F AHEH
= shEshe e HAT(Fig 3). 1HAE =7
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3}l PLGA-FKCE oA+ 8F = & 105 = 5
oA iz dHl F94 Ae S7Hp<0.05)7F &
A At 8 THE S TCRS A A Z7} A
Alete 97 &9 ol =9k A%E MHCE A}
AFFoZHN T3 THE AA7F AstE o |

AAA S T4 Jde FHITE T3 HE TA
T W1 AEZE SHANTE Al EFIRIS #H]
st o= v BMIES] #3}, AlE5Ad THAE 3
A A E o} 2SS A E 9 %}”011 Lee F
A4S FPgrh. E4stE BAlZE v FEA
E(plasma cel)Z E3}F o] HEH o7 A2 IgM
< &H afh:‘r(Punt et al., 2018). ZLH 2 E IgM, TCR
2 MHC class II f32 &do] 3 45 =HAS
Aoz FHH

Fig. 4= E. tarda®] 3 o]A) W9 A I71=
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Fig. 3. Effects of FKC and PLGA-FKC on relative mRNA
gene expression of IgM, TCR and MHC classlI in I.
carp. I. carp were P.O. and LP. administered by FKC
or PLGA-FKC (n=4). Bars represent means + standard
errors of the mean (p <0.05).

0.05) zte] & BAFAA T, 1057 2} -5 F2
o] A (p<0.05) FKCT-oll %3] PLGA-FKCT
oA tlZT % FKCT tlEl §93< zho](p<
0.05)7} #Z = ATt 0|9} & AP+ PLGAS]
A g3} 28-S o8 Wlo] 7]E ARl FKC
WY WY FE FHA] AT} o
(Kunugi and Yamaoka, 2012), X< 7]3F =3+ 9

d oY (Cyprinus carpio)ell AAAY FF
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Fig. 4. Agglutination titer of I. carp serum against E.
tarda (n=4). Bars represent means + standard errors of
the mean (p <0.05).
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Fig. 5. Survival rates of 1. carp for 10 days following E.

I.P. administered by FKC, PLGA-FKC or PBS.
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