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Gadts vekdt HAMEIE Attt Bordetella(B.) bronchiseptica
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=3 WY J|FoA WAV 9NSS Ho|=X|, 181l B bronchiseptica

ol M hyopneumoniae®] W& WAl adjuvantZ=A4 &I7F =X tfs)
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Abstract

Immune memory responses and vaccine
adjuvant effects of Bordetella bronchiseptica

antigen on bone marrow cells

Supervised by professor Youngheun Jee

Seol-Hwa Yim

College of Veterinary Medicine,
Graduate school,

Jeju National University

Bone marrow is the main organ for hematological and immunological
function and plays a critical role in the efficacy of vaccination by
providing multiple immune cells including lymphocytes. In our previous
report, we demonstrated that Bordetella (B.) bronchiseptica antigen
has high immunogenicity in mouse spleen cells while Mycoplasma
(M.) hyopneumoniae showed low immunogenicity in mouse bone
marrow cells (BMs). In this follow—up study, we investigated if the
host immune cells can recognize both antigens and if ZB.

bronchiseptica antigen may enhance the immunogenicity of M.



hyopneumoniae antigen. It turned out that the stimulation of B
bronchiseptica antigen significantly increased the cellular activity and
proliferation rate of the primed cells. Also, in BMs primed with B
bronchiseptica antigen in vivo, the production of immunoglobulin G
(IgG) was increased by B. bronchiseptica antigen treatment. The level
of each antigen—specific IgG in immunized mice sera was all elevated.
Especially, M. hAyopneumoniae—specific I1gG was more enhanced in
mice sera immunized by both antigens than those by M
hyopneumoniae antigen alone. Also, the levels of nitric oxide and
tumor necrosis factor—a, typical signaling molecules for producing
antigen—recognized phagocytes, were increased more in BMs treated
by both antigens than those by M. Hyopneumoniae antigen alone.
Taken together, present study demonstrated that B. bronchiseptica
antigen recalls the immune response of the primed bone marrow cells
and boosts the immunogenicity of M. Ayopneumonrae. This study
provides an experimental proof that B. bronchiseptica antigen can be
used as a vaccine adjuvant as well as vaccine antigen itself, and
information valuable in the development of 5. bronchiseptica and M.

hyopneumoniae vaccines.

Keywords: Bordetella bronchiseptica, Mycoplasma hyopneumoniae,

vaccine, adjuvant, bone marrow, immunogenicity, immune memory
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Mycoplasma(M.) hyopneumoniae2} Bordetella(B.) bronchisepticay™= A
3571 A% dAdAeltt. M hyopneumoniaer w373 ¥ ¥ (enzootic
pneumoniae) &] AJAAZ, =X T 7] Hube] FAsle] ARl AIAMEE
EAAZT [9]. o] WA= 38~100%°] =HA] Frtel HEF wE wds)] 3l
o} [23]. ¥, B bronchiseptica= 9157 W4 (atrophic rhinitis) &] AJVAZ
4 Aol Feb, 571 gl A H = (colony) = FAdske] I F-IALS

(dermonecrotic  toxin) &  AYAFste]  FAES E&AAZIYE (8], M
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hyopneumoniae®t B. bronchiseptica®l &5 AL TE7|A HAze &4
WSk 9k S U Porcine circovirus type 2(PCV 2), Pasteurella multocida
e A Ast E4e dskA 9o (18,
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=40 gEAolty. Alum> 7P g 2olw kiAol {iFH =Zoly, T
helper(Th) 1 39 WHIWSS FEoFA Folar, A WAl (combination
vaccine) = AZRE  AHF  @&o] Hoyxtes R0l
oil—in—water %8¢ adjuvant®, alumel H|3s] Xt} Hystar 7
ol Wonk-s-S Frdttl ARF alum¥ vREIAE Th 1 F89 d9uksS
TieetA xetal, T Fol Wt particles WEA AFsof e b F
of A&7l ofHu [14, 22]. ol Hestr] 9@ JHdE Bacillus
Calmette—Guerin(BCG) = Al el o ZEst Axwday
(cell-mediated—immunity, CMD <& =&t [11]. spxvk & Ao 54
o7 s HF Folol JAF 5o 24 EdE FEIT webA =A s ZFE
dEs=olAde AF 7HE "oyl wiiEeo] ARgshrlels A gtskA] gtk
[26]. s, FdWAI A Ao A= nanoparticle adjuvant® €2l Immulant—
as AHEste]l #AA HHS AFA el did WMAS AAsta dd o]
adjuvant= CMIS®} ARF WY BFE F2 & AT, AFst7] oy
particle A9 Aol glom el 3o A liposomal delivery system©] &
tgstthi= ol ok [2]. wEbA] AlFFQA o]lE adjuvantE R 4 Qe

A28 adjuvant 7fHto] & Q 3t}
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71E AFE AN, M hyopneumoniae®] ©|3¥ #HA 9] TE&V] EH|E
(bronchoalveolar lavage fluid)°lA4 IL—6, tumor necrosis factor (TNF),
[L-13 72 o8 7FA cytokines HE3FH O™ [3, 4], B. bronchiseptica®l
ojgtel =|A ] A& H= WA sdel dist oy A Rk itk [7,
10]. stAIRE o= & AAlol dig Wgdd e A+ vEFsith webs A
Aol A= BERHA 7] H] v Aol A o
Hth. M. hyopneumoniae 39 BHIZAAIES GAE 2 TNF-e 5 I54
cytokine AJabFe] W7y A A et A|INE (28], B. bronchiseptica 39> ©
2oz AYSHUS ArolE WAAZE FHoR BYsI TNF-a 9 2

2 cytokine #H|E xS [15, 27]. AxA OS2 M. hyopneumoniae ™
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HPERE QYNE Hhol o)A Aol AFTSEL ook SHelM ALgH

2. In vivo BF Ad A
BALB/c w25 AFEsiSlow, dxyols PBSE, AT

B
bronchiseptica(10  pg/mouse), M. hyopneumoniae(5 ug/mouse), B.

—

bronchisepticat+ M. hyopneumoniae &d= 27 BW HF5 A 25+ 3H
Aol 23] HE F XA HAFAA0 =
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Z1S phosphate buffered saline (PBS, Life Technologies,

USA) S % flushing 3} AFASSH. o] AxsLS 1023F ammonium

chloride—potassium lysis buffer® gl AIFE AASITE ©]F 40

gm cell strainer (BD Bioscience, USA)°ll d& o EFAHEE 538131
&

o Al3xE 96—well WiF &7 wikate] Aol Al



Loty 5%, AU/ AEZAER|A 100 U/mL, L—glutamine 2 mMo]
slel RPMI-1640WA1 & ARESISt A2 nfoAE ckEALe 5 A

= B3 d& JHNS microcentrifuge® F88to] FEF T
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4. B. bronchiseptica 92 W73

4.1. B. bronchiseptica 3% P29 EFHAXE 843 4 AZEE 53

3— (4,5—dimethylthiazol—2—yl) —2,5—diphenyltetrazolium bromide MTT)+
AolQlE AlaEeA  HERMO formazanl®  FAEE EHolth. Bkl
formazane] et FHEE FATOEZN AEe AEE AT F Ut}
[25]. B. bronchiseptica ¥de HET vh¢28 =FALE 247 v &
MTT assays AAst] FFAEY] @43t A= SHSAT wiest Ao
MTT €95 0.5 pg/mL FEZ A sto] wjekst 3 10% sodium dodecyl
sulfate 85 A g|ste] wjeFslqltt. I ¥ microplate reader (Multiskan FC,
Thermo Scientific, USA)E ©]&3] 570 nmelA F3=E F54sk3ch b4,
carboxyfluorescein succinimidyl ester(CFSE)E AX F344°9 non-—
fluorescent pro—dye® Ao}l MES] AXE U] esteraseo] 28] &3) F o
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bronchiseptica A& JET vh¢A9 =FAE FAsE AEE S5
$&l CFSE cell proliferation assays AA|FAT. &5 41X CFSE £9%
S5peM FER AP & ZFAEE ASFSte] 96—well plated] Yi B
bronchiseptica Y& AHElste] 4UzF wjsAt. dwidH HMEE 1%
paraformaldehyde €° 2 733 ¥ FACSCalibur (BD Biosciences) & ©]

LT

ofo

4.2. B. bronchiseptica % w29 &9 Eol3Q A7l =A
B. bronchiseptica FH9S HAE3 wleRoA EEd ZFAEE 96—well

platee] 1x10° cells/mLe] ¥%% Y B bronchiseptica 39S &3t 3



AZE wfeFst FH AMEnjFAS o] &ste] A 5o]4 <l Immunoglobulin G(IgQ)
IS enzyme-—linked immunosolbent assay(ELISA)Z =433t B
bronchiseptica YL 5 pg/mLe] ¥ X= carbonate—bicarbonate buffer (pH
9.6)° 3XAA F8 Maxisorp Nunc—Immuno module (Thermo Scientific) il
ol IEAIZY 1 F 5% FHoEAH S X3S PBSE ©]&3to] blockingst
At} PBST(PBS containing 0.05% Tween20) & A &3 3 0.5% $FejoldA
& XFe PBSE MR A xS Mk, tha] PBSTE Al

ro

% horseradish peroxidase—labeled goat anti—mouse IgGE 0.5% -F-FEl
ofd = T PBSel 80009 3Asto]  REFAIZTE AH A F
tetramethyl benzidine€ %S Yol ofF% oA 5~1023F TAA]7]3L 1IN
hydrogen chloride €402 FAWSS FTWHAZ] & microplate reader®

&
450 nmolA FFEE SH3AL

5. M. hyopneumoniae &9l st B bronchiseptica &Y adjuvant &3}
5.1. FFAXY 43 53

B. bronchiseptica &9 M. hyopneumoniae %95 *glste] 447F vk
k-0 TFEAEE o] geto] A ol &ttt A= fl&l A AAE
How MTT assays sttt

r—|~'

5.2. Nitric oxide(NO) assay

Ao FFEAELE 2x10° cells/mLY EEE 96—well culture platese] 2

2 % B. bronchiseptica &3} M. hyopneumoniae &9 A& stAY &3}t
a3 ZF wpeksklvh. AlE A ATEs S F EAbelA Alwsks W

ol ek NO detection kit (NtRON, g=) & o] &3to] NO<| Fatgs 543t

ATt &3 5=+ microplate readers ©]€3F] 570 nmolA 743t}

5.3. ELISAE o]&3% cytokined &%
npe Aol FHEMEZE 1x10° cells/mLe %% 96—well culture plates®] 2

2 & B pronchiseptica Q3 M. hyopneumoniae 9 AgstAY =2l sf



A ¢kl 39 b wjeFstSith AlEM|) AT AE A T FALoA Al TS W
Hol we} ELISA kit(Invitrogen, USA)E o] &3to] TNF— ¢ o AAES =3
A=

O

l

oo

& ¥ S+ microplate readers ©]€3+%] 450 nmellA 73St}

5.4. B. bronchiseptica R M. hyopneumoniae 3% w329 g Eo|F<l
FAZLY &H
B. bronchiseptica @ M. hyopneumoniae 39S £ np-¢-29 JAHo|A &

2 Eo])AQl [gG £ =457 Yol odA AAE HHO R [oG ELISAS A

6

2 AP 92 A Afo]o] F-o 3= ANOVA 4] Fo Turkey
Ao Z FoAs Fdsrt gz dish AdY Fod2 #(#)p<0.05,
wx (##)p<0.01, == (###)p<0.001 %2 JeRJ T}
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B. bronchiseptica % vl
AxEL 7t
PBS Y+ B bronchiseptica FYS HEI vwhgAo FFAXEe B
bronchiseptica 395 A glsto] wjerst
des SA8t(Fig. 1A). %3 A
2 Zde AT v aFAIEE =4 4FQ CFSER ¢ Aste] by
Gt Fl FACSCaliburs ©]&8f =483tk (Fig. 1B). MTT assay A =
T RUY B bronchiseptica &Y Q57X B. bronchiseptica 3l 2&l A
g3t A7t S/ 53] AdelM 7P W2 =AW 1.6 ng/mL9
TR FAHFTLY EFAEIE =2 AEEHAEE B AN =
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PBS
injected
Events

Events
Events
Events
Everts

B. bronchiseptica
injected

FL1-H

0.1 1
B. bronchiseptica (ng/mL)

Fig. 1. Enhanced cellular activity and proliferation of the bone marrow
cells primed with B. bronchiseptica upon the same antigen stimulation in
vitro. The cellular activity and proliferation rate were measured by MTT
assay (A) and CFSE assay (B), respectively. The cells were cultured in
the presence of B. bronchiseptica antigen at indicated concentrations for
2 days (A) or 4 days (B). Data are mean * standard deviation (SD)
from four individual wells. Significant difference is expressed as
*p<0.05, **p<0.01, ***p<0.001 for a comparison of the PBS group and B.
bronchiseptica treated group (A). The number in histogram indicates the

percentage of proliferating cells with low fluorescence intensity (B).

B. bronchiseptica 8% V204 & AR ol FFMEL I Fol
7 A yAarge St

PBS X% B bronchiseptica FHE HES w2 EZFAME B
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ArE) A okkdl Wk B pronchiseptica BY HETAAE T Eo]Ael dHA|

o] AAteko] =A vebwttl E3) B bronchiseptica 42l AE F%7F 10

O

ﬂﬁ = sksksk
0.5 -
E 0.4 -
~
= g
d 02 - -4=FBS
o =-5. bronchiseptica

0.1 1 o—e ————¢

0.0 T T T T T .
0 0.1 1 10 100 1000

B. bronchiseptica (ng/ml)

Fig. 2. Production of B. bronchiseptica antigen—specific IgG antibody of
bone marrow cells primed with 5. bronchiseptica antigen. Mice were
injected with PBS or B. bronchiseptica antigen (10 pg/mouse). After 2
weeks, the bone marrow cells were cultured and stimulated with the
same antigen for 3 days. The culture supernatant were used for the
measuring the production of B. bronchiseptica—specific IgG antibodies by
ELISA. The antibody titer was determined with optical density (O.D.) at
450 nm by a microplate reader. All data are mean = SD from four
individual wells. Significant difference is expressed as ***p<0.001 for a

comparison of the PBS group and B. bronchiseptica treated group.
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B. bronchiseptica @ M. hyopneumonize &9 Aol 23t ZFAEL EAE
H 5}

M. hyopneumoniae FY9S 0 ~ 10 pg/mL FEZ A3t ZFAHE B
bronchiseptica &9 0.4 pg/mLE A3 & MTT assays ©| &3] =4
Eo] BEE 58t (Fig. 3). B. bronchiseptica $9°] A= 54|12
o] A x| FoFel WIE YehlR kvt 3 M hyopneumoniae F

of e TEAEE FEAEA Fbe BREA G, F A4 FA Apoo)

.5 3

g 04 W

=

e 0.3

it

= 02

- —+—Control

© 01 | =p bronchiseptica 0.4 ug/ml
0.0 . ' ' : ' '

0 Wo25 125 25 5 10
M. hyoprneumonia(pg/ml)

Fig. 3. The effect of B. bronchiseptica on the viability of BMs. Cells
were cultured for 4 days treatment of O to 10 wpg/ml M. hyopneumoniae
with 0.4 pg/mL B. bronchiseptica. MTT solution were treated at the
concentration of 0.5 mg/mL. The O.D. was measured at 570 nm by a
microplate reader. All values are represented as mean £ SD from four

individual wells.
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B. bronchiseptica &9l &3 FFAHEL NO BAEF F71

M. hyopneumoniae F¥S 0 ~ 10 pg/mL FEZ At FFAE B
bronchiseptica 45 0.4 pg/ml =2 g s & NO assay= o] g3slo] &

FAIEZS] NO Az= S (Fig. 4). M. hyopneumoniae 3= 2%
ol FE oFEHOFT NO AAFFol Frbskglt. 53] M
hyopneumoniae®l 5%7F 0 ~ 2.5 pg/mL WA B. bronchiseptica ¢

S T A s A vzl vlE NO2| Aareke] fo8 oz Frtshalth.

8 m Control
g 7 OB. bronchiseptica 0.4 ug/ml g xx
2 6 - 4 # *E

# e ok

251w 3 k.
T4 :
@ 3 -
£
z

-

0 - : : : L

tIJ 62‘5 1 2‘5 2.5 ) 10
M. hyopneumonia(pg/ml)

Fig. 4. B. bronchiseptica enhances the production of NO on the BMs.
After 3 days treatment of O to 10 pg/mL M. hAyopneumoniae with 0.4 ug
/mL B. bronchiseptica, the supernatant of BMs was collected for
measurement of NO. The O.D. was measured at 570 nm by a microplate
reader. All values are represented as mean = SD from four individual
wells. Significant difference is expressed as *p<0.05, =**p<0.01,
*%xp<(0.001 for a comparison of the absence and presence of M.
hyopneumoniae. Also, #p<0.05, ##p<0.01, ###p<0.001 express
significant difference for a comparison of the PBS group and BZ5.

bronchiseptica treated group.
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B. bronchiseptica &9l g3 SFHEL TNF—a AAF F71

M. hyopneumoniae &Y= 0 ~ 10 pg/mL FEZ At ZFAHE B
bronchiseptica 39S 1 pg/ml =57 A3 T ELISAE o] &3slo] Z5AE
o] TNF—«¢ AAFS =A39th(Fig. 5). thxol vl8l B, bronchiseptica
A= A ZFAET TNF-e 9 At fojdo= S718iih. M
hyopneumoniae &2 A=+ FFAM LS TNF—a Ao f2o#¢ W=

LR A ek

600 - OControl B B. bronchiseptica 1ug/ml
g s00 | *
Hit#
& 400 - g
%k
300 -
:
® 200 -
Z
e 100 -
n.d. n.d. n.d. *
[J X T =1 S | 2 =
0 0.625 2.5 10

M. hyopneumonia(pg/ml)

Fig. 5. B. bronchiseptica promotes the production of TNF—a on the
BMs. After 3 days treatment of O to 10 pg/mL M. hyopneumoniae with 1
rg/mL B bronchiseptica, the supernatant of BMs was collected for
measurement of TNF—a. The O.D, was measured at 450 nm by a
microplate reader. All values are represented at means = SD from four
individual wells. n.d. means not detectable. Significant difference is
expressed as *p<0.05 for a comparison of the absence and presence of
M. hyopneumoniae. Also, ###p<0.001 express significant difference for

a comparison of the PBS group and B. bronchiseptica treated group.
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B. bronchiseptica Q| &3 A U M hyopneumoniae ¥ Eo|FI
IeG 7}

PBS, M. hyopneumoniae(®lst MH), M. hyopneumoniae+B. bronchiseptica

Soldql 1gGel k2 #RIsky] 918 ELISAE ol&ste] & 5ol4<l IgGY
F& St (Fig. 6A). PBSE HEE vk @M= &4 50144
[gGe] AAte] Ao vebubA] gk o, MH E= MHBB #9& HE vhe-~
o @AM = grkel 39 5ol4el 1gGrt 54590 53], MHBB @
ds AT wene] d4 W 9 50149 1gGe ¢ MH Fd= HEH
2 2oy A vttt 548 dHelA B bronchiseptica @l 5olZ Q1
gGo & Far] A8 22 Wyew Fd Fold g6 ¥& FHsA
t(Fig. 6B). MHBB #d& HEe vhp2o] @M= %8 947ke) 34 5
o]#<l IgG7t 57 ¥ NHE, PBSY MH @€
A SolHql 1gG7F A9l et ks
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Fig. 6. M. hyopneumoniae—specific IgG was increased by B
bronchiseptica treatment. Mice were Injected with PBS, M
hyopneumoniae (10 pg/mouse), or B. bronchiseptica (5 pg/mouse). After
2 weeks, blood was collected by cardiac puncture after CO, euthanasia.
After generation blood clot, serum was purified by using
microcentrifuge. Serum was diluted, 5—fold serial dilution. The serums
were used for the measuring the production of both antigen—specific IgG
antibodies by ELISA. For serum IgG ELISA, the ELISA modules coated
5 pg/mL M. hyopneumoniae (A) or B. bronchiseptica (B) was used. The
antibody titer was determined with O.D. at 450 nm by a microplate
reader. All values are represented as mean = SD from four individual
wells. Significant difference is expressed as *p<0.05, =**p<0.01,
*%xp<(0.001 for a comparison of the PBS group and othes. Also,
#p<0.05, ##p<0.01, ##+#p<0.001 express significant difference for a

comparison of the MH group and MHBB group.
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