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Anti-inflammatory Mechanism of Lactobacillus rhamnosus GG in Lipopolysaccharide-

stimulated HT-29 Cell
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Department of Internal Medicine, Institute of Gastroenterology, Yonsei University College of Medicine, Seoul, Korea

Background/Aims: Probiotics are live non-pathogenic organisms that belong to the resident microflora, and confer health benefits
by multiple mechanisms. Lactobacillus rhamnosus GG (LGG) is one of the probiotic bacteria that ameliorates intestinal injury
and inflammation caused by various stimuli. We aimed to evaluate the anti-inflammatory effect and mechanism of LGG in

lipopolysaccharide (LPS)-stimulated HT-29 cells.

Methods: HT-29 cells were stimulated with interleukin (IL)-18 (2 ng/mL), tumor necrosis factor (TNF)-o. (20 ng/mL), and LPS
(20 ug/mL) in the presence or absence of LGG (107-21.09 colony forming units/mL). Production of the pro-inflammatory chemokine
IL-8 was measured by ELISA and semi-quantitative PCR. Transcriptional activity of NF-kB-responsive gene was evaluated by
luciferase assay with reporter gene. Toll-like receptor 4 (TLR4) mRNA expression was assessed by semi-quantitative PCR. The
IkBa degradation was evaluated by western blot and intranuclear translocation of NF-xB was determined by western blot

and immunofluorescence.

Results: LGG did not affect the viability of HT-29 cells. Pretreatment of HT-29 cells with LGG significantly blocked TNF-c,
and LPS induced IL-8 activation at both mRNA and protein level (p <0.05). Pretreatment of HT-29 cells with LGG attenuated
LPS-induced NF-kB nuclear translocation and also blocked LPS-induced IkBow degradation. LGG also down-regulated TLR4 mRNA

activated by LPS.

Conclusions: LGG attenuates LPS induced inflammation, and this may be associated with TLR4/NF-kB down-regulation. (Korean

J Gastroenterol 2012;60:86-93)
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1. e Mzt MY ofE

49t AlEFEQl HT-29 (ATCC HTB 38)¥ SWA480
(ATCC CCL 228)2 American Type Culture Collection
(Rockville, MD, USA)CZHE Fsleion, zH72+ 100
IU/mL penicillin, 100 pg/mL streptomycin 9 10% $-gfjo}
A o] ZIE McCoy's BA H|A|(Gibco-BRL, Gaithers-
burg, MD, USA)2} RPMI H|#|(Gibco-BRL)E ©]-&3%}o] 5%
COy, 37°C Z7dol|lA Hjoslditt. B A¥S HT-29 Al25
1x10Ywell?] ¥% & 6 well plate (Coster, Cambridge,
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MA, USA)o| =33t & 24A17F Fof| Al3YsGict. HT-29 A
Eo] $24 WA vIAE FPS BAS] 9iste] mumor
necrosis factor-o (TNF-o; Sigma Chemical Co., St. Louis,
MO, USA) 20 ng/mlL, interleukin-1f (IL-1f; Sigma) 2
ng/mL, FEscherichia coli (serotype 0111: B4)9] LPS
(Sigma) 20 ug/mLE 27} 4AIZE Aot 3 Alare} A5ole

#1559

2. LGGY Az

o] A¥of ARE-H Lactobacillus strains2 LGG (ATCC
53103)EA] Man-Rogosa-Sharpe (MRS) broth (Difco Labo-
ratories, Detroit, MI, USA)o] F-SA]Zl Zof, MRS agar
plated]] FEWA 5% CO,, 37°C ZAof|A HieFslitt. MRS
agar plateo 4] Bi¥E 272+ colonyEa THAl 10 mL2)
MRS broth® $AA 16A17F wijeFstaitt o]Fef 600 nm<]
ol Al B33 T AUV 1601; Shimadzu, Kyoto, Japan)S
o] gsto] AlutE £33t LGGE MRS broth2H-E &
23}7] 9J8iAl YAE2](3,000 rpm, 165)3F Sof] A|X B}
GAYA7F TE A 942 10 mLe] McCoy's bA Hl Aol %1
t}. LGGY] B3-S HT-29 A% vk F 107, 10°7} 10°
colony forming units (CFU)Q] =52 A& 3}9ct LGGE=
ohE Aol eAlE W] SlelA el To] s

MRS broth®} agar plate®]| A< wjFst&ct.

3. MTT assay

LGG7} HT-29 AlZ£2] AEgol n|X]= JeFs Yot 7]
QA 3-(4,5-dimethylthiazol-2-y1)-2, 5-diphenyl-tetrazo-
lium bromide assay (MTT assay)S A3ttt 1x10%
well $E& HT-29 A5 #50to] 24417k i3t & LGG
£ HjFag 10° 10°% 107, 10° 10°%} 10" CFUQ| &
Helssick. gl AA 35 50 wLS| MIT §42 ug/ml)
& H7hstol a7k e WALk, A5l AARIL 50
uL9] dimethyl sulfoxide® A7}t & 1087F A3}l 570
nmof| 49| optical densityE &4 3}

4. IL-80l Cist enzyme-linked immunosorbent assay
(ELISA)
IL-8 Tl 2.8 R&D SystemsAH(Minneapolis, MN, USA)
oA TL4J3t ELISA kitZ o]-8-3to] 450 nm 1o A ELISA
reader (Gibco-BRL)E &4 3}t

5. Semi—quantitative polymerase chain reaction (PCR)

Trizol reagent (Invitrogen, Carlsbad, CA, USA)Z ©o]&
slo] HT-29 NEZZHE RNAE FE319tE cDNA A4S
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0lo

S 1 uge RNAO| 10 mM dithiothreitol, 50 mM
Tris-HCl (pH 8.3), 76 mM KCIl, 3 mM MgCl,, 1 uM
dNTPs, 10 U RNase inhibitor, random primer (0.05 uM)
@} 200 U Superscript 1I reverse transcriptase (Invitro-
gen)& 47Fste] WRGAIZIYE PCRE 1 ug c-DNA%L, 2.5
mM dNTP, 1XPCR buffer, 10 pmol primer, 18|21 1.5 U
Ex Taqg Polymerase (TaKaRa Bio Inc., Shiga, Japan)E ©]
45191 95°Cof|A] B&, 58°Cof|A] 45%9} 72°Co|A] 182
208 F 32-389]9] FES AR PCR ¥H-9] gl
< 919l PCR A= 10 uLE 2% agarose gels ©|-§5to] 7]
=319 o ethidium bromide® @AslATh 7+ AZ9
RT-PCR AtE& 593 A&0] Yeil= GAPDH 41419
PCR AH=9] 5= & 0]838}o] densitometry (Raytest, Strau-
benhardt, Germany)& ©]-&olA g2t Lo FABFRH AF
€5 primer:= th23 Zt} [human TLR4 (438 bp), 5-
TGTCCCTGAACCCTATGAAC-3'sense, 5'-GCCTTTTGA-
GAGATTTGAGT-3' anti-sense; IL-8 (965 bp), 5-CTCTC-
TTGGCAGCCTTCC-3'sense, 5-CTCAATCACTCTCAGT-
TCTTTG-3  anti-sense; and GAPDH (200 bp), 5'-TCTA-
GACGGCAGGTCAGGTC-3" sense, 5-ACCCAGAAGAC-
TGTGGATGG-3" anti-sense].

6. NF-xB luciferase 24

LGGE] NF-kB HAfof| oot ok H7] $IsiA sw4so
M| EE NF-kB binding siteS ¥3}3F HIV-1 long-terminal
repeat luciferase construct®} H4& ¢JefA4] pCMV-B-gal

ot
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plasmidE transient transfectionA]Zth. Transfection
LipofectAMINE PLUS reagent (Life Technologies, Carls-
bad, CA, USA)E o|&3}%tt EE transfectionS 6 well
plateo| A 70% confluence Ao A A3}t Transfec-
tion 24AI7F o]Fo] LGGE 1AIZF MAX|stAL LPS 20
ug/mLE 4A|7F A2 39 firefly luciferase @4 =5 luci-
ferase reporter assay system (Promega, Madison, WI,
USA)E o] &34 =43}t B-galactosidase enzyme as-
say system (Promega)S ©]-83f B-galactosidase =S

ZA3St T luciferase TS HASIH T}

7. MEZ=3 Western blot

AlZdat e FsA S A7) Sl HT-29 Al
EE plate2HE trypsing o]§3] E|3F o 100 uLe]
hypotonic buffer A (10 mM HEPES, pH 7.9, 2.0 mM KCI,
3 mM MgCl,, 1 mM DTT, 0.5% NP-40, 5% glycerol)2}
inhibitors (1 mM phenylmethylsulfonyl fluoride, 1 ug/mL
leupeptin, 1 pug/mL aprotinin)g& X3}l G204 10E
HES-A1713L 422 (3,500 rpm, 54, 4°C)E ©]-&-lA 3t
Axd B3 B3t S buffer B (10 mM HEPES,
pH 7.9, 20 mM KCIl, 3 mM MgCl;, 1 mM DTT), buffer
C (20 mM HEPES, pH 7.9, 0.4 mM NaCl, 1 mM EDTA,
3 mM MgCly, 1 mM DTT, 25% glycerol)?} inhibitors *|
213t o] A42](14,000 rpm, 10 min, 4°C)d}o] FFHZ
Z3}4th Whole cell lysatesS ¢34+ 50 mM pH 7.4,
150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 5 mM MgCly,

B

200 A
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100 A
50 A
0 T T T T T
0 6 12 18 24

Incubation time of LGG (hours)

Cell viability (% of control)

Fig. 1. Lactobacillus rhamnosus GG (LGG) did not affect the viability of HT-29 cell. HT-29 cells were seeded at the density of 1x 10* cells/well
in 6-well plates and maintained in the medium with 10% FBS for 24 hours. (A) LGG were added to the HT-29 cell culture wells at the appropriated
dilution to reach a final concentration of 10%, 10°, 107, 10%, 10°, and 10" colony forming units (CFU) per mL of the incubation medium without
antibiotics. After 4 hours incubation, cell viability was determined by MTT assay. (B) The 10° CFU/mL concentration of LGG were added to HT-29
cell culture well and incubated with various time intervals (6, 12, 18, and 24 hours). Data are the mean of triplicate assays and represent the

relative viability compared to untreated controls.
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1 mM DTT, 0.5% triton X-1002} protease inhibitorsS ©]
L5}, @A HE = Bradford assay (Bio-Rad, Her-
cules, CA, USA)E 0]&3}%t}. Western blot2 -?45}]/\1 Al
32 A0 ug), AEH40 pg)t (10 ug) &3f== dena-
tureA]Z] Zof sodium dodecyl sulfate-polyacrylamide
gelso] oA F L. o]
B0 tris-buffered saline with 0.05% Tween-202} 5% -4
v 2og st S0 anti-IkBa antibody (1 : 1,000;
Santa Cruz Biotechnologies, Santa Cruz, CA, USA)¢} an-
ti-NFxB antibody (1 : 1,000; Santa Cruz Biotechnologies)
= Aelelg. o) whulo] AAHAEAL] oL an-
ti-pactin $A(Sigma) S E3to] elstsich. 24 3] A2
3 ECL-kit (Amersham Biosciences, Piscataway, NJ, USA)
£ 0] 834 bandE 7H=3}1 densitometryS ©]-8-3 A
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A
29 |3 3% formaldehydeZ X 2|3t o 387+ A
Lo ¥H23}1 acetone/methanol (50% v/v)S o|-&3A I
Ao}t 3% BSAE ¥ PBSE A|XEE XASt of an-
ti-NFkB antibodyg 4°CollA] hSAIFTh o]$of 2%} aFA|
(anti-mouse FITC conjugated)®} 4',6-diamidino-2-phenyl-
indole (DAP)E 14|17} HFS-A]71
(TCSNT; Leica, Switzerland)<

3.9]| confocal microscopy
o|-g-3ff TAs}eItt

S|

9. 84 &4
E A BAL SPSS version 16.0 (SPSS Inc., Chicago, IL,

USAJE ol §81917, BE At B BEANE HAGHS
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Fig. 2. Attenuation of tumor necrosis factor (TNF)-a,, interleukin
(IL)-1P, or lipopolysaccharide (LPS)-mediated suppression of IL-8
expression by Lactobacillus rhamnosus GG (LGG) in HT-29 cells.
(A) HT-29 cells were pre-incubated with LGG (1x 10° colony forming
units [CFU]/well) for 1 hour before treatment with 20 ng/mL of
TNF-a, 2 ng/mL of IL-1f3, and 20 ug/mL of LPS. Supernatant were
harvested for IL-8 ELISA. (B) HT-29 cells were pre-incubated with
different concentration of LGG (1x10’, 1x10% and 1x10°
CFU/mL) for 1 hour before treatment with 20 ug/mL of LPS.
Supernatant were harvested for IL-8 ELISA. (C) Cells were harvested
for RT-PCR analysis of IL-8 mRNA expression. GAPDH expression
was used as control. The increases in the percentages of IL-8 mRNA
expression were quantified by densitometric analysis.
*p<0.05, **p <0.01 in Mann-Whitney U test.
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OIO

o} T & 7ke] ¥]il= Mann-Whitney U testS ]380
W, pZro] 0.05 mlgkel AL Gojsltty Fregitt

£ O

1. LGG7} HT-29 MIZe| M=o OiXl= &

MTT assayS ©]83to] LGGY] HelsE 3 A7t o=
HT-29 A& Wt Rg A8t |4 LGGe| A

o e gEre vkotely] 13 10°, 10° 107, 10° 10°
7} 10° CFU/mLY] 5= 4A)7F jekst A QoM s =gt
AEZAZ0] W3t QIQIthFig. 1A). LGG AP A7l o
ggFe mloksly] ¢Jste] 1x10° CFU/mLe] 5= 6-244]7F
B St & Al EAYES RARFA O U HefohA] g2tk
Hsto] AA S Zoli= §l%irh(Fig. 1B).

2. LGGZ} IL-1B, TNF-o, LPSOf| 23t [L-8 M0 O/X|=
%3

IL—lB TNF-0.2} LPS] «]ﬂ' IL-8 EPHHXE Wy H3lo

t}. HT-29 /\ﬂ_._Oﬂ IL-lB (2 ng/mL), TNF-a (20 ng/mL)%}
LPS (20 pg/mlL) ZHHe aA7F Zob A2lslaS o IL-8 whi
A "h¥o] Z71%9thFig. 2). 18U} IL-1B, TNF-0, LPS &
o] 1417k Aol LGGE 1x10° CFU/mLY] F5& # x|t
7 1L-1B, TNF-a, LPSO] ©J3t IL-8 ¥ 2717} 7H4H <
11, 0]% TNF-a, LPSo|| 9J3t IL-8 AF5e EA Ao ou|g)
A AAE A THFig. 24). E3] LGGE &5 o|&£#H0F LIPS
of o3} 1L-8 Tl A AFsS AR89, 1x10° CFU/mLY)
FEoA = FAXCE ougl= AfolE HitH(Fig. 2B).
LGGE LPSo] 93 IL-8 mRNAS] ¥ Z71% AAs+gich
(Fig. 2C).

3. LGGZ} IL-1B, TNF-o, LPSOll 2fgt TLR4 &% B3t O]

X= g

IL-18, TNF-o, LPSO] 2|3} TLR4<] W ®iz}e} ofof tf
S LGGE AES K] 9JeiA TLR4A mRNAC] tfeh =4
PCR otlth. HT-294 0] A TNF-oi= TLR49] W& ¥
SFA71A] okolt, LPS TLR4AS '&17\16] =7} A AThF
3). 181 LGGE S EHE AXA S o= Lpso] 4
St TLR49] V1= 7FA%HSth IL-1BE TLR4ES S7HAH L

 Lpse] BlsiAE ARk Aglon], Laas S
ol TLR49|] S7P7F 4 fadhs Holot

©
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Fig. 3. Attenuation of lipopolysaccharide (LPS)-mediated induction of
TLR-4 expression by Lactobacillus rhamnosus GG (LGG) in HT-29
cells. HT-29 cells were pre-incubated with different concentration of
LGG (1x10", 1x10°% and 1x10° CFU/well) for 1 hour before
treatment with 20 ng/mL of tumor necrosis factor (TNF)-o, 2 ng/mL
of interleukin (IL)-18, and 20 ug/mL of LPS. Cells were harvested for
RT-PCR analysis of toll-like receptor 4 (TLR4) mRNA expression.
GAPDH expression was used as control. The increases in the
percentages of TLR4 mRNA expression were quantified by densi-
tometric analysis.

promoter assay, A} A|3EZ E3o] 3t NF-kB/p65, IkBo
of] tst Western blot¥} NF-xB/p65o] tfst ol g M-S
S}tk LPSE NF-xB promoter”} transfection® SW480A]
o] HT3t¥S W] NF-xB luciferase 2 EE Qu|9A =
7V, LGGE AA Ao A4S tHFig. 4A). HT-29
M5 LPSE AH=3t9S wofl 3 We] F3i8h NF-kB/p65
57 2748 Byt e LoGE AAXHNAS dols
LPSHE A 2]t Z-g-ofl nlsfA 604 o]9-2] Al-ollA NF-kB/p65
o] W Z7tade] FAHAN kB Bt HFAHT
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Fig. 4. Effect of Lactobacillus rhamnosus GG (LGG) on NF-kB transcriptional activation induced by lipopolysaccharide (LPS). (A) SW480 cells
were cotransfected with an HIV-1 long-terminal repeat luciferase construct containing NF-kB binding sites and pCMV -gal plasmid. pCMV p-gal
served as a marker of transfection efficiency. Cotransfected cells were stimulated with LPS (20 ug/mL) with or without pretreatment of LGG
(1% 10° colony forming units [CFU]/mL), and NF-kB-dependent luciferase activity was measured 4 hours after stimulation. Data represent the
mean with SEM and are expressed as fold increase over the media control cells. Results are expressed as means of triplicate determinations
and are representative of three independent experiments. *p <0.05 compared with LPS-stimulated cells without LGG. (B) HT-29 cells were
lysed at different times (15, 30, 60 and 120 minutes) after LPS (20 ug/mL) stimulation with or without pretreatment of LGG (1% 10° CFU/mL).
Nuclear and cytoplasmic fractions were separately prepared for Western blot. Samples were resolved by SDS-PAGE and analyzed by Western
blotting with anti-NFkB/p65, anti-lkBa antibody and an anti-B-actin antibody for control. (C) HT-29 cell were plated in 4-chamber slides, grown
to 70% confluence, and pre-treated with or without LGG (1% 10° CFU/mL). LPS (20 pg/mL) was added to the medium and incubation continued
for 4 hours. Fluorescein isothiocyanate (FITC) conjugated secondary antibody and 4',6-diamidino-2-phenylindole (DAPI) was used for
immunofluorescence. DAPI staining served to visualize the nucleus (x500). These results are representative of three independent experiments.
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olo

Ao AR fAbl® 2] oFar 1A Aol AE A
&o] 758t =/dat(pathogen)of et AR AIE Hol=
£ 2 (antimicrobial substance)S AJAFSE &= 9l= LGGE &
2ottt o] F=RE LGG oA} HAL Aot Aol d
ghofl 2o]7] ARSI AL X o= A5 FETeE ARy
of QA i} mEglen, 1 7140 A ok &
SR Aol Ak

o[fl Aol A= LGGY| FHS Aol 24Hg 71de ot
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EFE A=kl GRS wiiAIYl IL-89] eSS AR
o, LpSO] AR AHE TLRA%H NF-xBO| 25 &
190t 97 A% LGGE LPSE 498 116 44 ol
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a}32 wlobd] 2449l NFxBe] # W] o}5-2 oAl
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