SRS 71 71E USRI X|
Korean J. Dairy Sci. Technol.
Vol. 30. No. 1, pp. 31~36(2012)

Lactobacillus rhamnosus GG HAxHM=t2nl Zhj =M

E}Ct2 ALOIE - AZA™

a0 FAAHANE, T ARLE FYATL

Immunogenicity and Survival Strategy of Lactobacillus rhamnosus GG
in the Human Gut

Tadao Saito and Kwang-Sei Lim"™

Graduate School of Agricultural Science, Tohoku University, Miyagi, Japan
'R&D Center, Maeil Dairies Co., Ltd., Pyeongtaek 451-861, Korea

ABSTRACT

Lactobacillus rhamnosus GG(ATCC 53103) is one of the best researched probiotic strains in the world. Studies in children
have shown that Lactobacillus rhamnosus GG effectively prevents early atopic disease in patients with high risk. The active
molecules associated with the immunostimulatory sequence and anti-allergy effects of L. rhamnosus GG have not yet been
identified. Unmethylated CpG motifs in bacterial DNA have a mitogenic effect in mouse immune cells, CpG-containing ISS
oligodeoxynucleotides are potent Thl adjuvants, effective in both preventing and reversing Th2-biased immune deviation in
allergy models. The genomic DNA of L. rhamnosus GG is a potent inducer of murine B cell and dendritic cell
immunoactivation. In L. rhamnosus GG genomic DNA, ID35 shows high activity in ISS assays in both mice and humans.
The effects of ID35 result from a unique TTTCGTT motif located at its 5'-end, and its effects are comparable with murine
prototype CpG 1826. L. rhamnosus GG is known to secrete proteinaceous pili encoded by the spaCBA gene cluster. The
presence of pili structures may be essential for its adhesion to human intestinal mucus, explaining the prolonged duration
of intestinal residence of this bacterium, compared to that of non-piliated lactobacilli.
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AR Wol7l e @73 A Q) gl T gl |
AqWH-S-9] ZA ol th(Isolauri e al., 2008). < LE=7] AW
I AdE Ankg A ETIs Aol Hek Z2utel L
gne] gEge] A7EL Ak
ol GE2717F QX okETY F1E 7H o™ ol
g 72hg) Sk oz Aol M, F(EFDEEl AIAE Lacro-

bacillus rhamnosus GG 2|07} S48 Fo)x o7 w24 7

2 i, 1997). ¥ F9] Ao EFHS
4 B8t Ao A5 AxE S48, INF-a 7}
ol B3l L. rhamnosus GG ZLFoA 8o 2 w=
stk ol mE IS I&ES v
TolA olETA] FXlo] Ue, Bt
FllAl L. rhamnosus GG B+ bifidobacteria
A Ao E HHAAFE , 2149 &
Hlo] & IFeA olEDA FXlo]
(Isolauri ef al., 2000). AT} &2¥19] A5 A &
| 228k, €3¢ F954 TGE-B87F 7kl
o w2 I ES ousit}. olEHY IRFLE
fobel]l th3k & T2 AFol AN L. rhamnosus
GG &35 Ye A &tk (Brouwer et al., 2006; Folster-
Holst et al., 2006; Gruber et al., 2007).

2Fo dE 2715 7HA AL e Frotoll daf A ZEuto]
29 vt goprt olE Ry FX# 9 SAS AL F
AEA o e+ A (Viljanen et al., 2005¢)°1 4, 2507 &]
ofol| Al F-21$] olEm Ao WHO Z L rhamnosus GG, 47}
A zZupo]| Q¥ 29| EIN(L. rhamnosus GG, L. rhamnosus
LC705, Bifidobacterium breve 99, Propionibacterium shermanii
spp. freudenreichii JS) =& $19FS 2+t 47 Al F A
ot AA 25l A HdF SCORAD(Severity Scoring of Atopic
Dermatitis) <71 71553 32.590 H]38l 65% Ao,
A F7Re] FrolH <l Aol AT IgEdll WS fol
735, L. rhamnosus GG “L&°l A1 SCORAD A7} $] kol
vls) Sokoh(—-26.1 vs —19.85, p=0.036). L. rhamnosus GG
o] Fof7} IgEell WI7Heh frote] olEwA FX% AR 9 S
A F Atk AES AU, IgBol WIEkA] &
frotll Al EH7F IlTh 22 AFdA, A5 § Ee
IgA 0] $1FFel Hla] Z2ulo] 08 TIFdA =2
35 B A (p=0.064), THIEHAL L rhamnosus GG
FolA FasFo, & A FdAe oo 2 A
YEPHA] 2F9kTh o1& L. rhamnosus GG7} oYEI A &
774, CMA7E Sl frote] AdS5s dsiAE 3l
o u| stk Viljanen ef al., 2005a). ZZZ2H}O] L €Y= I
2" Al A3 thEA =38 L rhamnosus
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IgES} B E HRAAE Th BAZANEE A3k

O}, £ A9 IL49] #HE S 7HA1F th(Pohjavouri

et al., 2004). IgE &H olEnA F313 3FEHo] 9= Fof

oNA L. rhamnosus GG= ¢ 2Fxtoll Hl3l] C-ub-g @ g 4
o

F2 = Hp=0.021)(Viljanen et al., 2005b). 522 IL-6
o] L L rhamnosus GGE X8 38l= X R NA 7151
S U(p=0.03), f1oFF ol ME vehdA stk 1
b B0 Aol B IL10 £ Z/MIA o)
ZEnfo] QE 2o o3 fFEE W FFEY dFo] ZEn
ol g9 olENA FX3 FJHH, CMAd thek 43
J E¥E AE F IE ovsitt o] Fe] B A =
FEutol o9 e gotE AT frote] 7 CRP(p=0.008),
= IgA(p=0.016), = IgE(p=0.047), IL-10(p=0.002) s=5=°] <
oftol] Hl&] =A UElsth(Marschan et al., 2008). 6719 H
9] fotol A &4 CRP 59 7 119 AF 749
#a o] 9T (odds ratio(OR) 0.41, 95% CI, 0.17~0.99, p=
0.046), 241 ojfole] A =27 AW AFe] HaoE #A
5o} 92UthOR 038, 95% CI 0.16~0.87, p=0.023).
ZEnto] Q¥ g lotE o] §3te] frofe] 7)o A
A E 2 S Foto] g2y AWE diE F JdeA
gk Ao A, G 27] o] v &2 159 9] AAIF
2 7297 MAA L rhamnosus GG(10" CFU)9l $] kS
E4td A 245 Mol vjd E&31=5 319 3 (Kalliomaki
et al, 2001), &4t & 67147+ Bf FHE 3l AR EE
Frotell Al friabts AFASHES shaith 21d $¢] ofdol9]
ol FX IS AN A, L rhamnosus GG 1]
23%, ?1ekto] 46%% UESth o] Aydds 4d, 79 &
A o M ol = ) thKalliomaki et al., 2001; Kalliomaki
et al., 2003; Kalliomaki et al., 2007).
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Fig. 1. Proportion of 2-, 4-, 7-year old children with atopic
eczema (%) in a follow-up study with L. rhamnosus GG
(Kalliomaki et al., 2001, 2003, 2007).
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rhamnosus GG 735 (genome) DNA -1 1}7]— murine BA| X Sl Hhgoll EH?} ID35«] B et e H So] 3| (OVA IgE)
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Fig. 2. (A) Mitogenic activity of synthesized phosphodiester ODNs toward splenic B cells. Eleven ODNs were selected and chemically
synthesized as containing predicted active motifs that frequently occurred in active clone sequences. They were tested for mitogenic activity
at a concentration of 10 mM. CpG ODN 1826, known for its strong immunostimulatory activity in the murine system was used as a positive
control. Each experiment was repeated five times using spleens from different mice. Statistically significant differences(*P<0.05, **P<0.01)
compared with cells cultured in absence of ODN.
(B) Detection of the active core sequences inside the ODNs and influence of the core sequence position on the activity of the ODNS.
The location of the core sequences(bold and underlined) were changed by shifting the ODN position frame from the 3 or 5 side of DNA
for the active ODNs ID35, ID2420 and ID20. Mitogenic activities of the ODNs were tested at a concentration 10 mM. The closed bars
correspond to the optimal ODN sequences, and the open bars show the variations in shifts during the confirmation of the core sequences.

Each experiment was repeated four times using spleens from different mice. Statistically significant differences(*P<0.05,

compared with cells cultured in the absence of ODN(*P<0.05, **P<0.01).

(Illev et al., 2005)

#P<(.01)
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Fig. 3. Decreased production of ovalbumin(OVA)-specific immuno-
globulin E(IgE) and total IgE in vivo after ID35 treatment(Illev et
al., 2008).

rhamnosus GG2] DNA7} Th2Z %€ Th17FA] Hguke-& =
aste = g =27] 28-S sk Aolthlllev et al., 2008).
LGG SAIRe| T FaH
FAEe] Al RS g, WEEd 59 S
A ZEnpo] 8 FAabte] A Al aEafof sk 7HE
Z 29 F dolth. Lactobacillus rhamnosus GG in-vitro
2E A3k 3, AL E, Caco2 Al E Sol| 71 e HZ}H
< 7FA 3L 9091 lactobacilli ZollA] 7} -2 0] &
2t ZF SPUE & A Utk Alander 5(1997) Lactobaczlhas
rhamnosus GG2] A2 dist AA LA L Y33,
AN AAE 3t Lactobacillus rhamnosus GGE 221315
o, in vivo'doN A Lactobacillus rhamnosus GG7} ) 7ol -
2k &S ALt
Z 2 Lactobacillus rhamnosus GG7} A B2 2 (pilus fiber)
S AHEske] QiAo A ek (mucus layer)oll F&st= A S
7HA AL 5] 88 A thKankainen et al., 2009). Lactobacillus
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Fig. 4. Identification of pili in L. rhamnosus GG by immunogold
electron microscopy.

(A) High-resolution electron micrograph showing multiple pili and
an isometric bacteriophage(black arrow). Also included is a panel
inset adjusted for heightened contrast and darkness to highlight the
pilus ultrastructure(white arrow).

(B) Electron micrograph showing pili clustered at the cell poles
(Bars: A, 200-nm; B, 500-nm.)(Kankainen et al. 2009).
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