RJVR

Korean Journal of Veterinary Research

Original Article

pISSN 2466-1384 - elSSN 2466-1392
Korean J Vet Res 2022:62(3):e20
https://doi.org/10.14405/kjvr.20220014

*Corresponding author:
Hong-Gu Joo
Laboratory of Veterinary Pharmacology,

College of Veterinary Medicine, Jeju National
University, 102 Jejudaehak-ro, Jeju 63243,

Korea

Tel: +82-64-754-3379
Fax: +82-64-756-3354
E-mail;jooh@jejunu.ac.kr

ORCID:
https://orcid.org/0000-0002-1505-8761

Conflict of interest:

The authors declare no conflict of interest.

Received: May 16, 2022
Revised: Jun 21, 2022
Accepted: Jun 24, 2022

M) Check for updates

© 2022 The Korean Society of Veterinary Science.

€ This is an open-access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial license (http://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestrict-
ed non-commercial use, distribution, and repro-
duction in any medium, provided the original work
is properly cited.

www.kjvr.org

St2tH| (5—fluorouracil, doxorubicin,
vincristine)2 215t H[ZM|IZ 2| HHAAK|0] CHSt
Bordetella bronchisepticall 2 &1}

The protective effects of sonicated Bordetella
bronchiseptica bacterin on the
immunosuppression of spleen cells induced
by anti-cancer drugs (5-fluorouracil,
doxorubicin, and vincristine)
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Laboratory of Veterinary Pharmacology, College of Veterinary Medicine, Jeju National University,
Jeju 63243, Korea

Abstract

5-Fluorouracil, doxorubicin, and vincristine are chemotherapy agents used to treat
various cancers, such as breast cancer and lymphoma for decades, and their effects
on cancer have been proven. On the other hand, these anti-cancer drugs cause fatal
side effects, including immunosuppression. This study investigated whether soni-
cated Bordetella bronchiseptica bacterin (B. bronchiseptica) can attenuate the immu-
nosuppression of spleen cells induced by these chemotherapy agents and which
subsets of spleen cells were affected. B. bronchiseptica increased the metabolic activ-
ity of spleen cells treated with 3 anti-cancer drugs. Cell death analysis using Annex-
in V/propidium iodide showed that B. bronchiseptica markedly decreased the death
of spleen cells. The subsets of spleen cells were analyzed by flow cytometry using a
surface marker-specific antibody. B. bronchiseptica increased nitric oxide produc-
tion in the spleen cells treated with anti-cancer drugs (p < 0.0001). Despite the
pharmacological effects of anti-cancer drugs, many patients suffer from the fatal
side effects of immunosuppression. This study provides valuable information on
how to overcome chemotherapy-induced immunosuppression.

Keywords: anti-cancer drugs; spleen cells; immunosuppression; Bordetella bronchi-
septica; cytokine production
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AAQ Vinca alkaloids A129] FAACITH3]. F+ FAAE A=
A AEEY, B2 SF & AR 53] AZFo] 2HE U
ERditH4], W2 Ao wh=w, A o8t sfstaro] &8
HIF Y FXE A2A7IY, AAY B A wet Bdd d=7 3
232 4279 ol SRS BE & TS UAA o5l

Bordetella bronchisepticar= 18573 Zttolw, &4 287]
FEE FE dov|= BIAE EHA Uk B. bronchisepticas At
HolA 2 gol A9 LojuA] ghon, AlgolA HAS|E Lo
= Bordetella pertussis@t WAT o] SItHe6,7]. B. pertussiss
TLR2E &° vh-¢-29] A gA 29 tiAA 25 &g3tetaL, 732
3t HY A= 23 9 adjuvant 347} Aok Ao] Y FTHs)

o] AollAl, B. bronchisepticas TF-20l BE3S o HIZA
27} Z4] 93-S Ho|X T helper 1 AZ ¥H-3-& F =8 4 Qlth=
Zo] B EATHI]. & AFHL B. bronchiseptica F2°] Myco-
plasma hyopneumoniae 5012} 1gG9] A= 57]-/‘] 713, A
25 ZAstotal WY 7|9 53k =the RS B3l B. bronchi-
septica’t B o] &= vFth= A& ‘?—I SkTHiol. ®3F B.
bronchiseptica AtAI7F FAVIAZ ] FA AN 58S 9 WAl
adjuvant FEEHEA ARSE 4= Q52 HAFCHL1L

o]t Aol A= B. bronchiseptica’t FLACl o] vIZFA|Z

£ B3 ¢ YEAE s, FAAR A B A 724
= S5 et Histe] gopr gttt

Mz H A

MES

£ Aol AH8-E EL-4 (murine T lymphoblast cell line; Kore-
an Cell Line Bank, Korea) A%
(FBS), 100 units/mL penicillin/streptomycin, 2 mM L-gluta-
mine ©] 23 RPMI 1640 2] o)A ojF3Act. EL-4 M Z= o
AlEZo|H 1 x 107 cells/mL9] HE2 vt

F+ 10% fetal bovine serum

Al
=

St 4=

FEE2 GMELE BIO (Korea)ollAl Algwtol AlF=ofghw
5 EAE A FAIFoH, 8-12F3 9] Balb/c "F-AE AT
o AHESHtE S EARL AFdsty sEAER AL &
Blof] A|JSFATHEAM S 2021-0047). 5-FU, DOX, VCRS &
Sigma-Aldrich (USA)°lIA +945to] AR&-5H%it.

mt odt

rO, ool

-ln

B. bronchiseptica®| ZH|2} X2

B. bronchiseptica®] ¥IE|¥2 next generation sequencing®
€ B. bronchiseptica #F5 A&-5HAtt. Luria Broth agar©]Al
24X 7 ¥FRE F 25THE 60% amplitude® 3024 3 cycles A
sto] E24J3} sHSith. B. bronchiseptica BYE|R19] Thald oF2
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Bradford assay= &35ttt A|ZEof| X 2jst= WH R 5= H]
AHEE &d3kst7] 913t lipopolysaccharide 5% 525H] 1
pg/mLE Asto] AE-5HITH12].

HIZMZS| Z=H]

A ZE 2 AdA gRE AP wet EHIsHTHI2).
ojitglgtAE o]-g5to] ke AE AR £ HIRS H &5t
ACK lysis buffer (Thermo Fisher Scientific, USA)Z J&+& &
A F M EHBLZ cell strainer (sieve size, 70 um)°ll SIHAIF
o}, HZAIZE= 10% FBS, 100 units/mL penicillin/streptomycin,
2 mM L-glutamine, 1 mM sodium pyruvate, non-essential ami-
no acid, 10 mM Hepes buffer, 55 pM 2-mercaptoethanol©] 23t
© RPMI1640 iAol 4] BlgSgTE. MAAE= 1 x 10° cells/mL
9] =2 culture plate®] Y2 ¥ E2-& A[5tFrt.

MEo| LAY =1

UG 9} EL-4 AEE Z2F 1 % 10° cells/mL, 1 x 10° cells/
mL9| FEE 96-well culture plate®]l #53}] 5-FU, DOX, VCR
9} B. bronchisepticas 2|3t F 347t w53t Cell counting
kit-8 (CCK-8; Dojindo, Japan)& 10 pL/well =2 A5} 4
A B Rt & S8 S S5t Bl Z9t EL-4 Al
9] F3%+= microplate reader (Multiskan FC; Thermo Fisher
Scientific)E ©]-8-5t9] 450 nmIA S451

AO|E7 QI Wit £

YA 9] interleukin (I1)-29} IL-49] AAFE &7g517] Sls)
o] HIZA| | 5-FU, DOX, VCR} B. bronchisepticaS A 2|g+ 3
347t vigstginh. A4S HE 25t enzyme-linked immuno-
sorbent assay (ELISA) kits (Thermo Fisher Scientific)® 435+
ot BAL2 A2AE AR B o= JRYE e w 450 nmolA &
A=

MZEA 24

2SS AT vRA R AZATES EA45H7] 918 Annexin
V-fluorescein isothiocyanate (Annexin V-FITC; BD Bioscienc-
es; USA)®} propidium iodide (PT; Sigma-Aldrich) 8402 A&
£ GA5IAt. BIAAMEE 24-well culture plated]l 1 x 10° cells/
mLo| =& BFoto] 285 A2 st 24417 wigst ATt A2
£ A5°] 1x Annexin binding buffer (Thermo Fisher Scientific)
2 N=ZE AlFe #, 1 L Annexin V-FITCZ 1083t F4511,
FAIZEA 58 Hof| 20 pg/mL P1 & 5 uL2 1027+ A4S
LSRFortessa flow cytometer (BD Biosciences)2 75+ FlowJo
software (BD Biosciences) 2 #4519t}
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HIA9] oby £42 flsl 22 A= vIAA| =zl 13 A Bi-
otin-labeled CD4, CD8, CD19 antibody; BD Biosciences) 1 pL
£ 4Co0A 3022t ARt ¥ 29 AlHsIATt. o]ojA 27 A (al-
lophycocyanin-streptavidin; BioLegend, USA) 0.25 uLE 4Tl
Al 3087 @A 2% Al- s3I LSRFortessa flow cytometer®
Z74319 FlowJo softwareZ EA45t}.

Nitric oxide 485 H7t
HIZA| 229 nitric oxide (NO) A3/85 B7FE 9150 Griess reagent
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(0.1% N-1-naphthylethylenediamine, 1% sulfanilamide, 5%
H.,PO)E ol-&stitt. B4 A3t vPgAZ o FSAT Griess
reagentS 96-well platel] Z+2} 50 uL¥ &gsto] 108 §H8 &
570 nmolA FF=E 2454t Nitrite 52 sodium nitrite
£ 08¢t standard curveE °]8-5}0] AAteHtt.
SH=EA

Figs. 1-39] ‘:1]°]E1L B + BFUAE YEYOH, 2-way
ANOVA #4 # Sidak’s multiple comparison testE ©]8-51%] B.
bronchiseptica X&) D v]A 2l 7t 2}o]9] Fo)4e BRIsHAT
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Fig. 1. Bordetella bronchiseptica increases the metabolic activity of chemotherapeutic agent-treated spleen cells but not EL-4 cells.
Spleen cells and EL-4 cells were cultured in a 96-well culture plate at a concentration of 1 x 10° cells/mL and 1 x 10° cells/mL, respec-
tively, and treated with O to 5 ug/mL 5-fluorouracil (5-FU), doxorubicin (DOX), and vincristine (VCR) and 1 ug/mL B. bronchiseptica for 3
days. The cells were incubated with a CCK-8 solution for the last 4 hours and the optical density (0.D.) was measured at 450 nm using a
microplate reader. Data are presented as mean + standard deviation. Significance at *p < 0.01, *p < 0.001, and ***p < 0.0001, respec-
tively compared to the group not treated with B. bronchiseptica. ns, not significant.
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Fig. 2. Effect of Bordetella bronchiseptica on the production of
interleukin (IL)-2 and IL-4 in spleen cells. Spleen cells were treat-
ed with 0.2 pg/mL 5-fluorouracil (5-FU), doxorubicin (DOX), and
vincristine (VCR) and 1 ug/mL B. bronchiseptica for 3 days. The
supernatant of cells was collected and used for enzyme-linked
immunosorbent assay. The optical density was measured at 450
nm using a microplate reader. The data are presented as mean
+ standard deviation. Significance at *p < 0.05, *p < 0.01, and
*p < 0.0001, respectively compared to the group not treated
with B. bronchiseptica. ns, not significant.

0.05 "7 p-valued Zt= ¢ 7ol 202 wesiyi.
2}

SIAME &2 gt HIZMELL EL-4 MZ0IM B. bronchiseptica
Ofl oI5t CHAMRHE 3t

YAAE At B A Z e} EL-4 A Z ] PAZAZ 0] B. bron-
chiseptica”t Y2 WIA=A] LotE7] 18] CCK-8 assayS 533}
Ach(Fig. 1). BIAZES] F%, 5-FUSH VCR Aol A& 0-1 pg/
mL 5E1A4, DOX Aol 4= 0-0.2 pg/mL 5=IA B. bron-
chiseptica’t HIZAI O] AR S F-oJ5HA] S7HAZT 5 pg/
mLY] FEoAE BF ROoHA F71okA] gk HhHol, EL-4 &
AZ 9] 7%, 5-FU A2t 1 pg/mLE-H, DOX$ VCR A 2]t
0.2 pg/mL =7 AT 34 ZAstgoH, BE =
ZA B. bronchiseptica®l 2 AR = F7h= WERA] 39ttt

B. bronchisepticat 2YHME *M2|gt HIZMZES| AIO|EF}2I
LR CHgt 0IX|= &

B. bronchiseptica’t FYAE A7 HIZA| L] Alo]E7IQ] &

4/8
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Fig. 3. Bordetella bronchiseptica increases NO production in che-
motherapeutic agent-treated spleen cells. Spleen cells were treat-
ed with 0.2 ug/mL 5-fluorouracil (5-FU), doxorubicin (DOX), and
vincristine (VCR) and 1 pg/mL B. bronchiseptica. NO production
was determined using a NO assay, as described in "Materials and
Methods". The data are presented as mean * standard deviation.
Significance at ***p < 0.0001 compared to the group not treated
with B. bronchiseptica.

H] 52of ojd g n|AE=A] Eot] f1s) ELISAE &30 IL-
2, IL-49] RAFES S48 HFig. 2). 37 FYAE 0.2 pg/mL
9] 5% &, B. bronchiseptica’= 1 pg/mL SE=2 2[5}t VCR
o A= ZA 9 IL-2 BAFE AQsta, 2E AdAZolA B.
bronchiseptica®ll 2J3l IL-2, IL-42] A4kgo] 5-9JstA 7ttt
B. bronchiseptica® ©|3t IL-29] $7F &= DOX A ZFolA,
IL-49] 7} A= 5-FU A=A 11 #2/dol 71 =3kt

B. bronchiseptica®ll 2/t BIZMIZS] NO Yds 57t

B. bronchiseptica’t FUA A2 BIFA| O &S S7H7]
A LotE7] fsf NO B85 B7He AAIsHATHFig. 3). Al 7HA]
FAAE A3t vIFAIRZY] NO 852 dz2d 2 o7t ¢
et e A E:Eo) A B. bronchiseptica®ll €13 NO 450l 34
S7IIAaL, 1 Aol SAA LR 2.

B. bronchisepticaZt SLH(0fl 2t HIZMIZES| MIZEALEO| O]
X= B

B. bronchiseptica7t A0l 23 vPFAIZ] NEATES £Y
=R It A B4 237t AW FEA
5521 0.2 pg/mL¥} 1 pg/mLE HIZA|EE A 2519t Annexin
V-FITC®} PI B4< 510 AJEA|2.9] H|-&3} early/late apoptosis,
necrosis9] Hl&-& SA5IAH(Fig. 4). 5-FUS DOX, VCRY] 7t 1
pg/mL SEONA B. bronchisepticas 1 pg/mL =2 2[5l
o BEAM Z(annexin V-/PI-)9] W& 42} 8.1%, 7.5%, 7.8% <
7¥5191 1L, early apoptosis (annexin V+/PI-)%} late apoptosis (an-
nexin V+/PI+)9] ¥l&2 22} 10.6%, 8.0%, 9.1% #astyrt. vt
™ necrosis (annexin V-/PI+)9] H[&2 5-FUE 2.5%, DOX+
0.5%, VCR2 1.2%2 °FoHA S7Fotgiet.
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Fig. 4. Bordetella bronchiseptica reduces the cell death of spleen cells caused by chemotherapeutic agents. The cell death of spleen cells
was analyzed by staining with Annexin V-FITC and propidium iodide (PI) followed by flow cytometry. The percentage of the cell popula-
tions is indicated in quadrants: viable cells (lower left), early apoptotic cells (lower right), late apoptotic cells (upper right), and necrotic
cells (upper left). 5-FU, 5-fluorouracil.
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A gotr 7] 3l Flow cytometers ©]-85t0] I o}y
SFRTHFig. 5). FAA GEAZS tixZ] B H%E"—ﬁ}
Ho]z] gttt B. bronchzseptzcaa g=o = AsIAE
o] H]5} CD4" AlZ 9] H]&2 5% E°153L CD8’, CD19" A2
H-&-2 27} 2%, 4% S7Yot3iet. §HA B, bronchiseptica S5A 2]

of vlsl] FAA} B. bronchisepticas 7 A& etU S Hell=
CD4" M2} CD8" M 29| Hj&2 S7Iet ¥, CD19" AlZ=
DOX, VCR A2 2ol 22 14%, 11% &2t
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K o
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rok
ﬂu

2
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2 AFoME= ‘Q"%}Zﬂi AUt wgAI 2] B4 B AEE ASHE B.
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B. bronchisepticar= 0-1 pg/mL2] 5-FUS+ VCRe] A4 H|%
Az A =S FASH S7HA132H, DOX7F A=A
= 0-0.2 pg/mLe] FEoIM F2AsHA S7HAIATH(Fig. 1). HA]
9t B. bronchiseptica®l 2J3t S7F A= FUAA Q] 527t S71t
w2} kA 3}. B. bronchiseptica®ll 213 AR E S7F B3} A
I 5ol A Lotr7] Y3l EL-4 AlZOI%= B. bronchisepticas
A28t 1 23, FAACl sl EL-4 A2 A7t =
of| =A ZASFGATE, B. bronchiseptica®l 3t AR E F7H=
Ho|7] &¥rhFig. 1). o1& B3l B. bronchiseptica’t FA|ZES]
EL-4 Al 29| A eole 92 vAA oA vlA L]
WA= S7HI71E AMde & & AT Al S579] F4A
0.2-1 ug/mL9] 504 B. bronchiseptica’t 2514 AR =
£ 7R, FAAE A2lE vlAA =z et B. bronchi-
septica®l IS AAs] A5 915] o] w5 AH&SHT vIg
AlEZ) A EH] == NOE Nitrite®] FEIZ S45IRET], NO A4
5 B89 A3 CCK-8 assay®t 4ARE A2 B3t B. bron-
chisepticas A 2I5t%2 T NO2| A1kl BE oA S7H6IA2
o, FAAE A2 HIBA A = A 5] S7FSHATHFig. 3).

[L-2%= T HEF9] 235 A=A171H, &/dshe CD4' T |2+
9} CD8" T FEF7} A= Ao E71RIe|tH13]. IL-4% naive

A7} T helper 2 (Th2) HEFE E36HEE of= AlO|EF}

)
_°.
I‘_E,
0.1., u:Z‘., oX
°l
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]lojw], #3hd Th2 HEF= F7H4]L IL-48 AaksieHi4]. 1L-2
9} IL-4% HEZF9 BE H E3lof 232 Q] Aol & Alel&E7L
Qlojm2[15,16], HPAIEl B8 A2]sto] IL-29F IL-49] P4t

= SRlstirt. oiF=o] Aol A B. bronchiseptica©ll 23]
IL-23} IL-49] AAFgo] S718t2H, IL-2& DOX A Zj2ofA,
[L-4%= 5-FU A22oA 7P 2 37 BAn(Fig. 2). E3F B,
bronchisepticas A5t 4k w9} vl wsto] Afo] &7kl A4t
o] 34 F7Vok= AR Ho}, B. bronchiseptica= HE-9] A&
I} 235 do7l= AIEARIS AAtete] FAAR 7t H A
3kE €€ 4 A& A2 oH. BT Annexin V-FITC®
PI @X& B3l B. bronchiseptica®) BIZGA|Z A ZAL] thgt FF
SISkt Annexin V-FITC®} PI 4] A3}, B. bronchiseptica
€ YA A= A HZFY A 2AF B2 FaAF e, AE
Az o] Hl&2 SR £35R1 T FEFoA IL-28 AAR
= ) o] AAE Eut obyT} AlZAEAE AR eH[17],
IL-4= T HI79] 843}, 23}, Argol= #olE k(151 9+
AIES 1514 B. bronchiseptica®l 28 TL-29} 1L-49] YA
S7PHAIZAL AR olojal Ao F4HH

Hut oty B4 A}, B. bronchiseptica® A E|5HA] %S o
€ dE2L% A A2 Arolo] skt (U W B. bronchi-
septicas AR Wolle FZF9 ofgol HgE EATKFig. 5).
iz B3| B. bronchisepticas &5 A2 FPS o CD4" AZ2
H] &2 451l CD19" |29 Blgo] 713t A3t 22, Al +
B. bronchiseptica A 2| B. bronchiseptica S5 2|0l H
3 CD4" A 29| H]go] F715ta CD19" A9 H]&o] ZH4gr}.
ELISAS] Ao} st A HH ol IUAE Ae
B. bronchiseptica'= CD4", CD8" M|Z9] F&&Z JHFH o & 37}

AA CD19" Al29] W& ZHad Ao AZErt.

£ Aol B. bronchiseptica’t TUAI7F A2]H BIZA 2]
AR, APOIE71Q1 Ak, NO BA5S 7171 Al ZAT
= A2ATE AS FAsHAH. wetA B. bronchisepticas B
Az s TAL 4= Y= =T HE 9 A JA) s BT
aE M 4 IS BoiEY 18U FYA 9 SRl ol B,
bronchiseptica®ll BF-g-5h= F=7F th231, FEA o] u]X=
P th2rh= oA B. bronchisepticas FAAS} ojm gk 230
B ARGSfoF HE a7t EA 7MY A7 2 asith
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