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Immune enhancing effects of Weissella cibaria JW15 in C57BL/6J mice

aged 28 months

Ho-Eun Park, Ho-Seong Ahn, Wan-Kyu Lee”

College of Veterinary Medicine, Chungbuk National University, Cheongju 28644, Korea

Aging is a growing concern of age-associated aberra-
tions in immune system or immunosenescence. Probi-
otics contain not only these general health advantages
but also other the regulation of host immune function.
Among those probiotics, the immunomodulatory ef-
fects of Weissella cibaria JW15 (JW15) strain has
already been reported in our previous studies. The
objective of this study is to assess improved immunity
of JW1S5 strain in aged mice. In experiment, mice were
divided into five groups. Twenty eight-month-old
C57BL/6J mice were given a daily dose of 1x10° CFU/
mouse (JW15-H group) and 1x10° CFU/mouse (JW15-
L group) of viable JW15. The young mice group (YM)
and old mice group (OM) were given PBS. After four
weeks of administration, mice were euthanized. Mice
blood was collected and analyzed for complete blood
cell count (CBC). Then, mice spleen was weighed and
analyzed for splenocyte. Finally, we measured the
concentration of cytokine secreted by splenocyte and
serum. The results showed splenocyte proliferation
of JW15-L group by the addition of LPS and con-
canavalin A was significantly higher than that of OM
group. Splenocyte TNF-a production was significantly
increased by JW1S5 intake. In particular, splenocyte
TNF-a production of JW15-L group by the addition
of LPS (5 pg/mL) was significantly greater than that
other group. Splenocyte IL-6 production was also the
highest in JW15-L group. Serum IFN-y production
of JW15-L (59.13 £+ 16.13 pg/mL) group was signifi-
cantly higher than that of OM group (39.71 + 2.51 pg/
mL). When compared to the OM group (32.22 + 1.92
pg/mL), Serum TNF-a production was significantly
increased by JW15-H intake (69.01+ 26.51 pg/mL).
In conclusion, JW15 enhanced immunomodulative
effects. In particular, the effect was significantly excel-
lent in JW15-L group (1 x 10° CFU/mouse). Therefore,

*Corresponding author: Wan-kyu Lee,

Weissella cibaria JW15 would be suitable for consider-
ation as a helpful functional food for companion ani-
mals and humans.
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Introduction

w3 e WA A AR o] Faste], FHA
o= Hgol 01274] i ARAY G Hg L o)
Sok1]. 4AA w3t s =9 Aol kel ddd |
A7 o golit wele el HAA gaE 2t ¥
of, THHORE gAY W, WA AFH A3 wA

w3hel #E Wl $d4 W (adaptive immunity)
A2EAA F2 BST AL AAY T cellst AN B

cell AYHEE 25 wsbd oo WA gk gado] gtk 53]
3l whgh UERhE T cell 7159 #HAE W8S A3
A7l ¥ dloln] FEY ’\}%L% doz sk e A
TFolA dFE v T3], =steEl] A dxd el
2] Naive T cell®} %i*ﬁ Hl& 9] a7k e, vk
2 memory T cell?} effector T cell?] 7-¢-ol&= #3}
H njgo] S "ok [4]. CD8 T cell? H&2 F7}
StAl CD4 T cell®] H&& 7HAsh7] wjiell, CD4:CD8
T cellq] v]&& FHA4stA €k B celld] 4= w3ho &
7l Z7FsHAl Hv, o] 3 Wl E2 5 o] AYato] 24 H X
o X AVE Ao E AT A58 (inflam—
maging) ¢ 7d ii} wE v S AEHE Qvlst

é

W, w3 §5 Ae v WY Y TS YERA FEd],
IL—153 % TNF- aSi]ré lf%é}% ytokine®} 1#o] gl
o2, 5]. IL-1 8 & @ZFolv 7497 22 Z7del disiA 4

AbgS sk 2719 34 gl Fast vyEAo]
th TNF—a = MAdge] ST A oo d538S =4
shar, T A U e JAE Fake] 5o WA AdA
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FH S FFE v XA BH[6]. IFN- 7y &= 43 THZ
T2 di A e oJste] AAako] Ei= cytokine & E Ho]#]
s}

star Welg s 5 zha ATHT].

A+ Al (probiotics) of] thdk AWEA 2l o= &5 TE2
AUPAEZ 73S FIAA s 48 st Aot
A MAEZ QA% Q([8]. Akt (lactic acid bac—
teria) = A A Z 7 w@ol Abgetal e P EEA,
FE SR ES uA o R ARy fio] HE A}
AHE R fARS Akt gAY, Jlitd], skl Vs
AW Hadzd & AR ow A W 8 232 ey
=02 dEA Qub[9-11]. 53] 4 fAHe F5 W

ANA W7 s& SN, e o] &3 Fo] Bl
3 QATF (13, 14].

Weissella %7 b2 19939l Colinss©l Leuconostoc <5
ol A Tt FE 3 ko]l & K.O|= Leuconostoc paramesenteroi-
des 153} Lactobacillus % 552 MZ2 % (Genus) &2 A
QPO 2 M HFOo® EHYUTH15]. Weissella <5 At
% A TR A oE F0] glon, Fheetet
Al gAdolm Aaka) o) absler S A sk o) E (het—
erofermentation) & §3to] =TS FAt¥) o] AbstEkA
EFEAZIG[16]. XA F2 8 Weissella cibaria W15
UW15) & HA dAs, uag, g, uigs4d 3 28
AaARAL S-S 2 e 2 0% B C ™ mac—
rophages cellelA 2] NO, NF—-«B, [IL-18 % TNF-«
AFE FAANA AAzxd axr) s oz FAFn
(17]. 22l Ao go] Aste wshgiolae] Wolxd &
el i A = AT7F Ho] YA ¢S Aol

wepa] B Ao A = AAAR] 3 E W Hol At
287147 e C57BL/6] w3} w928 WO R, Weissella
cibaria JW15 175 471 750 8tar, ol 4l n] e A
thekst WAARES SHFOEA JWIH T2 WF3l

A
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EIE FAEE AP BHow DAY,

L)

o

o oL

i

Materials and Methods

S Y

AR AN B3 Weissella cibaria W15 (JW15, KACC
91811) #2} Lactobacillus rhamnosus GG (LGG, ATCC
53103) ¥+ De Man Rogosa and Sharpe (MRS) broth
(BD, USA) & AM&3te] 377C, 24412 Ml oFaholct. vk
TS S A NA[18] 2 4% &4 3ke] MRS plateo] =%
SHQLaL 4817 vk & AtgE S48l h[19]. st 6l
ool AAZE 10%7F4CoA 12,000 rpm oz 44 ¥ 3}
o] S He Wl #ANS B ¥ phosphate buffered
saline (PBS; pH 7.2) 0% 23] Al¥ ¥ #5E A5E%
o] 1.0 X 10° CFU/mouse, L5 EFIFE 1 x 107
CFU/mouse ¥ %% 34]8to] A EEol 47 Folatsitt
[20].

AlEE
APFELS d57 24 dAFA(KOREA BASIC

SCIENCE INSTITUTE, Korea) ¢] C57BL/6J mouse 8
B A sEY 2871€ 9] wilsES Tt Al
AbgEITH BE S EAY S FEUSy AdsE &89
A3 2 HE $Ade WO (CBNUA-978-16-01), &
Soietu AP TEAAME L] AR 2ol wheba @ (21
+20), FHFGB0 £ 20%), 12413 244 (08:00~20:00) 2]
FF7 R QAT 2o ARSE Rt AET S A
A (young mouse group; YM, n=3), =3} (old mouse
group; OM, n=3), JW15 A¥% T (Weissella cibaria
JW15-Low 1.0 X 10® CFU/mouse; JW15-L, n=3),
JW15 11§ % FoI - (Weissella cibaria JW15—High 1.0 X
10Y CFU/mouse; JW15—H, n=3), LGGF%I* (Lactoba-
cillus rhamnosus GG 1.0 X 10° CFU/mouse; LGG, n=3) 2|
SATFOZ BASIAT A 47 AT Folsgl o,
859l YM¥ ¥ 28711 OMell= Ak dial PBS
£ 473 Folskslvh[20].

PAFAS e AT Fol FRYQ 28UA | HAIs}
Atk wheAE A 14413 ARE ZA e, Ad
< ethyl ether® vF¢-2F pHFAZ & AGANES &
g st AP FAo] FATH HA= WY
(white blood cell, WBC), & &7 (red blood cell, RBC),
hemoglobin (HGB), 4% &% (platelet, PLT), ¥+
hemoglobin 3] (mean corpuscular volume, MCV), &
7+ hemoglobin ¥+ %% (mean corpuscular hemoglo—
bin concentration, MCHC), & hemoglobin &% (mean
corpuscular hemoglobin, MCH) %<& &34]7] (Ad—
via2120, USA) o] &3ato] 73kl

OI12A HIZME 2] 2 ME = =3

43 o] T ml A F QbetAbste] T v S 38t
itk v FAE F4 ¢ 7, Cell strainer (SPL, Ko—
rea) ¢} 1 X PBS 5mLE o|&3lo] v]gA xS Ealssit)
e vAAEE 1023 4TelA 1,500 rpme.2 94
Flste], AF N2 W FH 1x RBC lysis buffer (0.154
M NH4Cl, 10 mM KHCO3, 0.1 mM ethylene diamine
tetra—acetic acid (EDTA))E 2 mL Y1l 2%3F WX
1087 4ColA 1,500 rpme® 94 Raednh. A
NS WY F 11X PBS 5 mLE splenocytes 3|4 F
hemocytometers ©]-&3Fo] v 4] AX F5 SH3AT}
[21].

OIRA HIZEMESAS =3

B A vpeAzRE BAAZE EEste] 5.0 x 107/
wellZ 96—well plate®] &F3tAth T A2 F2AF%=
= #1310 pg/mL2] concanavalin A (ConA; Sigma—Al—
drich, USA) 8 B A2 9] S 1525 91§ 5 ng/mLe] LPS
(Sigma—Aldrich, USA)E Z+7} x7}slar 48A1%F vl oks)
STt wieF T 10mMe PMS (Sigma—Aldrich) ¢ 1 mg/
mLe] XTT (Sigma—Aldrich) §4& 2% 7] £33t
o], $1¢] 96—well plate®l] #F3Flt}h. 2417+ ¥-& & 450
nmo| 4] ELISA reader (Tecan, Austria) & AF&3lo] =
AetArH12].

i
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0124 Cytokine 4
WA 3] FA]o gl Bl FAES] AT NS 3] 55t
cytokine A S 54383 th IFN— 7y, IL—-6, TNF—«a 9
%= ELISA klts (eB10501ence UQA) E ol g3t 574
t9th. Sandwich ELISA Wog =480 zF A
= 33] wiE o7 AdEF}, 2k 12} aLx] AL coat—
ing ¢+F8& oﬂﬂ &7 HES A5k, 96-well
5 & 5, 4CoAA st whgAIZI T v
= —?7] Aal Aol A 1AIZE At ) A=
? WAL 2417 - 3] 4]
Bt Aol A A AT H T

1 % Avidin—HRP £8L 3087F A& A wke-A1 7] &
3 3'=5,5'tetramethylbenzidine (TMB) substrate-§ 1S
Fato] 155 &t ehalelA HAAZTE 2N HSO48 9
‘47}6}05:’*1 Ll *LOP“OE’% whgo] &y plate

1

o
= 450 nmoﬂfﬂ 5@3}3_ 3

w DY

Olv

tm

microplate ]l
5ol&l wt

SHEAM 2 904 AN

FAA Y= SPSS (Window ver. 12.0; SPSS, USA) & ©]
L3t om 1E7E Fo4d HFAH2 ANOVAS Duncan's
testsE AHESFATH(p < 0.05).

ol 455 Foll AAjR ety 74 A3t Bd g (WBC)

= YMTo] 3.6 X10%/mm®, OMi°] 2.7 X 10%/mm’= =
7% ] o] Hﬂr? Qs WBC 4 FME ®elew, JW15-L
9] WBCE 3.9 X 10°/mm’°S. & OMT- R}l =& oyt
FE YERJAA T, BAA ] F24 Q1 ZFoli= YElLEA] &
¥t} (data not shown). LA N shd B oM =
¥ fo] A el Aol sk 4= ¢lel ) (data not shown).

477 ok o] AT E NS o) vl A A
XS5 S S48 Mitogens A2 aHA o2 YMT 9]
FHEE 1% stof vin g A9AAE Fig. 19 YEh sl
Mitogen= A 2]8t4] &> A g elA, OM* (0.92 = 0.19)
Bt} JW15-L(1.11 * 0.04) 3 LGGY (1.06 * 0.06)
o] AIXZA S Fold oz F7FA AL B cell® mitogen?!
LPSE Agld AgdeolA JW15-L (1.28 = 0.04), IW15—
H (1.22 £ 0.03) 181 LGGF+ (1.21 £ 0.06) &.5F
OMA* (1.08 * 0.13) Rt} FoAo® w2 XTS5
YeR St B3 T cell®] mitogen?! ConAE &3k A3
A= OMTR T JW15-L, JW15—H 18 3L LGGT2] Al
IS5 B o4 o7 =rekgnt.

‘lo

{i
i

HIZMIZMIM2I cytokine B&S

LPS®} ConAE A gl slo] v vl A Eo A 9] TNF— a
SHIL-62] B Z= Sdstalvh. o1 mitogen’= A 2] 31
& W, JIWI5-La' 3} JW15-Hxro] OM<r 5.t} oF 23]
AL 2 TNF-ce¢ & fro8oz QAU LPSE whe
AR 73, OMT (46.71 £ 16.80 pg/mL) el H3} JW15-
L (110.40 + 23.38 pg/mL), JW15—H (89.10 + 34.27
pg/mL) 18]I LGG (106.95 + 9.85 pg/mL) & 5] A]

1.40 oYM
= OM
1.20 BHJIJWI15-L
BJWI15-H
= 1.00 HLGG
=2
=
S 080 [
=
S 0.60 |
(=9
= I
S 0.40
020
0.00

Without mitogen

(Sug/ml)

ConA
(10ug/ml)

Fig. 1. Effects of Weissella cibaria JW 15 on proliferation of splenocyte in C57BL/6J mice aged 28 months. Data represent
the mean = SD of three mice in each group. Different superscript letters (a and b) indicate the statistical differences
determined by ANOVA (P<0.05). YM, young mice group (no probiotic-feeding); OM, old mice group (no probiotic-
feeding); JW15-L, Weissella cibaria JW15-Low group (1.0x10° CFU/mouse); JW15-H, Weissella cibaria JTW15-High
group (1.0x10 CFU/mouse); LGG, Lactobacillus rhamnosus GG group (1.0x10° CFU/mouse).
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TNF— o AAHS FoH oz Z7AATHFig. 2). IL-6
o] 7, mitogene H7FsHA] & A A JW15-Lro]
60.21 * 6.33 pg/mL9 IL-65 AA38le] 42.02 = 1.88
pg/mLE A% OM R FoF s S7te Ave U
Efigith sk ConAs AH3E wolx: JW15-La*
(86.17 £ 15.95 pg/mL)°] OM*(66.88 £ 3.95pg/mL)
Ho 94807 22 [L-65 443t (Fig. 3).
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Fig. 2. Tumor necrosis factor (TNF)-a production in
splenocyte of C57BL/6J mice aged 28 months. Data
represent the mean + SD of three mice in each group.
Different superscript letters (a, b and c) indicate the
statistical differences determined by ANOVA (P<0.05).
YM, young mice group (no probiotic-feeding); OM, old
mice group (no probiotic-feeding); JW15-L, Weissella
cibaria JW15-Low group (1.0x10° CFU/mouse);
JW15-H, Weissella cibaria JW15-High group (1.0x10°
CFU/mouse); LGG, Lactobacillus thamnosus GG group
(1.0x10? CFU/mouse).

SH0IAMO cytokine MAs

frabd ol 45 & AFe A A IFN- 7 9 TNF-«
o] A4 AEE Fig. 40 Vel 7 A3 IFN- 7 9] A
A AEE OMT (39.71 + 2.51 pg/mL) ol vl&] JW15—-L
T (59.13 £ 16.13 pg/mL)°] ¢ 30% = Fol4l &
7} AxE el =3 JW15-HT (69.01 = 26.51
pg/mL)°] OM+* (32.22 = 1.92 pg/mL) Rt} Fojxo=

70.00 ¢

5 60.00 = b b
é 50.00 .
& ) ab
s
2 4000 a
g 1
=
]
€ 3000
=%
j 20.00
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0.00 T o T
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Fig. 3. Interleukin (IL)-6 production in splenocyte of

C57BL/6J mice aged 28 months. Data represent the mean
+ SD of three mice in each group. Different superscript
letters (a, b and c) indicate the statistical differences
determined by ANOVA (P<0.05). YM, young mice
group (no probiotic-feeding); OM, old mice group (no
probiotic-feeding); JW15-L, Weissella cibaria JW15-
Low group (1.0x10° CFU/mouse); JW15-H, Weissella
cibaria JW15-High group (1.0x10? CFU/mouse); LGG,
Lactobacillus rhamnosus GG group (1.0x10° CFU/
mouse).
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TNF— o 8At& S7H1 3

Discussion

AX AN ¥ Weissella cibaria JW15 (JW15) = WA,
egsA, dd, 38285, a4 At Al 52 A+t
AZA Y] EAS 23 9l oA RAW 264.7 macrophages
A2 NO A4, IL-1 8 and TNF— a £} 22 cytokine
Aol QR T2 Lactobacillus rhamnosus GG (LGG)
TFET 58 FAE Tl Base] JduH[17]. Gill &
7} Hentges®] Rirte| &b fAlto] w3hs&Eo 74
o 3hal, Welg st folst adE Yehl= AL
A QA TH[13, 141, 28MLH 2] w3t E2 F9+=
AHS g o] 7 AL, A el ol vl go] ol A~ Qo] 4
Al AHE3EH] ol TEE G A Qo] oA B AT
T Ol F A A ok Aot whika] 2 Ao A = AFA A
Q1 gl® Welgo] Asky 2871 €™ el C57BL/6J =3} wt

¢kt o of

80 b
70
60

ab l__l ab

50 1

40

30

IFN-y production(pg/mL)

20

10

0 T

20 YM oM JWISL JWISH LGG

b
100

80

ab

60

40 a a

TNF-a production(pg/mL)

20

YM oM JWISL JWISH LGG

Fig. 4. Interferon (IFN)-y and Tumor necrosis factor
(TNF)-a production in serum of C57BL/6J mice aged

28 months. Data represent the mean + SD of three mice
in each group. Different superscript letters (a and b)
indicate the statistical differences determined by ANOVA
(P<0.05). YM, young mice group (no probiotic-feeding);
OM, old mice group (no probiotic-feeding); JW15-L,
Weissella cibaria JW15-Low group (1.0x10° CFU/
mouse); JW15-H, Weissella cibaria JW15-High group
(1.0x10° CFU/mouse); LGG, Lactobacillus rthamnosus
GG group (1.0x10? CFU/mouse).

A5 WO R Weissella cibaria W15 d+F5 457 74
Folstar, doeha] A v AME FAE, HgAE 2 Ed
oA 9] cytokine A5 IFN—- 7, IL-6, TNF— )59
e WA TES SYRO A IWIsTFY WeZH
£9% Aok e Ao B 1A,

H

Hg2 o] W wkg-S Helehs dEAQd WAV 2 A,
Eo s Y A=l o8] HEZ g 2317
Adojup= F2 9 7|Ho|n g v AA T S22 WA
Ao A] A T3 on] & 7HxIt, 53] v A Ee] A
71 A7 AP AR ARE AREE 7 Slo] WS Aol
EAel dodx xR o] &5 1 Qlth[22]. Kaburagi 59 ¢
TR ostd 2071€ e C57BL/6n =3} mouses Ul
’$ 22 Lactobacillus johnsonii Lal At 5 27 Fo15k3)
= W uGA 2] AT S AEATE AE glssitt
[12]. & AFNAE JW15 779 LGG TF EF OM o1
o AR FA s @AY AYE 4 T A
t}. 53] mitogens H7Me 7oA JW15-Lo] 1 ¥
HWAF A o5 Bolnk weps] JW1sw 72 AH = =3hs=
oA HIEAIES] S DA A7 Ao R AdE ST
g zAo= B A, T AE 2 o Axe) 22 ofe] |
AAEZEo] Y3 Hxro] glon, AxFo] B3} ¥
W ooy WSS £H3E cytokines wH|EH] Wi
off HIZAES] cytokine “8/del dish W& welgd A
S0l ¥ (3], vlFAREdA 8l ¥ = cytokine
% IFN=7 3 TNF-a & T AlZA 44 == cytokine
oW, IL-6< B A2 A& A=dt= @54 cytokine
olt}, Sharma 52 AToNA Lactobacillus rhamnosus 2]
7F 167189 ] vk v Al oA IFN- 7 s 5
ZIN A S Baskal 9th[23]. Kaushal 52 A7oA =
Lactobacillus acidophilus} Bifidobacterium bifidum-< 57} A1
k= probiotics L TFEES] AFHFo7}t w3gE S vhg-A
HIZE AL A IL-2 A& S7HA1A W 7]s el 719
grobar Boarsklo (1], & Aol = JW159] 77} =3t
2 Q4] 7443 Thl cytokineq! TNF-« 9 B Al 45
FE38H= Th2 cytokine! IL—62] AAES Fod o=z
TIA A ol 9} e A WIS S5 T A E8 B cellE
RS 8434719, Th 1 A2 d9nkeS AsA 7t
=3 4= 9tk webA JW15E w35 E vpg-2olq T A
9 B A|Ze] #Hofski= 954 cytokined R FS St
A7 ARG S Frstes Zog duEn

IFN— 7 & H] 504 "o} Wh-go|l A nature killer cell (NK
celDoll ol&ll B =H npole el 32 HAd7S A4 A
gk Wk ofyel WA= WY xdsy S 2t vk &
B4 Qlvh[24]. A A Al i T AxEe 5
3 w31 S22 FFS W] 49 IL-29 IFN-7
T cell 75 49T F = thxzl ARz LA
tH25]. webA wsbh e whet IL-2¢F IFN- 7
Arkets T8-S A Ha WY Eo] Aetdtt Fu
o] A7-d el M= Bifidobacterium bifidum®] =815 = ]
g3 Ul IFN- 7y AAZFE S7HAA ddgs 35270 A
O F HuHI Jrh(26]. & AFANME JWIsHTE F9
ot w3} up-AoA A3 4 cytokine IFN—7, TNF—«)
o] OMell vl3l] Fejd o=z S7HE S A = A

w
X

m
N2

N =
&

ogﬂl,’ to

B

e, Ol
ojrt it xS | L
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t}(Fig. 4). o]&| 3t A= JW15 FAHEF7F Wl w32 &
OatA AAAIZI T AAA L] VTS FIAL T US4l

Abgtcharl Ay 7bE o)

B AT AEE(1.0 X 10° CFU/mouse) 8} 15 %
(1.0 x 10° CFU/mouse) & frAtt ol 2% Wl 24
T8 7HAE BoE Fl HY oY Akt AR T
&5 FoET spleen cell proliferation® splenocyte
cytokines FA O T FUIA7&= AL FQlstglty. fAr
7 WA 7S g3 e AFEo AFEI FAME Fo
FEE 2.0 X 10° CFU/mouse® ¥ A7 fAMHE AL
o} fAFSFLaL[12, 23, 26], o] &} &2 A= JW15H T
1.0 X 10® CFU/mouse ¥ %7} waful-$ 10 Wl s =
AANF = AHsEd Aoz s
o|e] AxtE Fete| B, JW1sHFE w3tEE o u%
oA WANEZT A TS TIHAI7IH, nIFAEeL DA ol A 9
cytokine®] 0| E T/ €S 7HAAL Sl o=
glx ], o9} e A¥E HIE O R JW1bit 7} 2871€
g w3 upeAal HAsH S SAANAT Aoz ke
w2k Weissella cibaria JW 1547+ &5 F714 <l Algh 4
FEAAM Y AL AFS vRRthd, WY T]50]
ok M EASEE v e s sl A TAE A
TAZA Apgo] 7hse Ao 7 et Tk & A =
248 75z & 48 LGGHFE Al & = Jd= o
FEAE s F o R JgE
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