Adhesion of probiotic LAB to
Caco-2 intestinal model system
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Colonic Microorganisms

* Provide health benefits
* Protect the host from pathogens

« Control potential pathogens
— Bacterial antagonism
— Barrier resistance
— Colonization resistance



Colonic Microorganisms

Decreased azoreductase, nitroreductase and
glucuronidase activities that are species and
strain specific

» Stimulate the Immune system

Increased gamma interferon (INFy) and
circulating NK cells



Potential Insults to the Microflora

* Decreased protective mucus layer

Low fiber diets

 Reduced SCFA, the preferred fuel
for colonocytes

* Reduction in the microflora



Potential Insults to the Microflora

* Allow proliferation of potentially
harmful bacteria & fungi

— C. difficile
— C. albicans
— S. aureus

 Emergence of resistant strains



Probiotics

« Defined, live microorganisms which,
administered in adequate amounts, confer a

beneficial physiological effect on the host »

Source: Joint FAO/WHO Working Group Report on Drafting Guidelines for the
Evaluation of Probiotics in Food (2002)

« A monoculture or mixed-culture of live
microorganisms that benefit the microbiota

iIndigenous to humans »

Source: Natural Health Products Regulations P.C. 2003-847 5 June, 2003.
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httpf//www.futu ra-sciences.com/news-bacterie-
benefique-conservation-viande_7519.php




Bifidobacterium
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Lactobacill | Streptococci and Lactobacilli in Yogurt
http://homepage1.nifty.com/masa_i/biol03.htm




Desirable Properties of Probiotics

Adherence to human intestinal cells
4. Colonization of the human intestinal tract
5. Production of antimicrobial substances

6. Antagonism against carcinogenic/pathogenic
organisms

/. Safety in food and clinical use
8. Clinically-proven health benefits
9. Technologic properties for commercial viability



Competitive exclusion

pathogen -
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http://wab.medvet.umontreal.ca/wab/sitee/prog/ewaschuk.pdf
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Production of antibiotics

pathogen —.
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http://wab.medvet.umontreal.ca/wab/sitee/prog/ewaschuk.pdf
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Improve barrier function
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http://wab.medvet.umontreal.ca/wab/sitee/prog/ewaschuk.pdf
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Increased mucus secretion

« Upregulation of mucin producing genes (MUC2, MUC3)
* Mucus preservation: probiotics unable to degrade
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http://wab.medvet.umontreal.ca/wab/sitee/prog/ewaschuk.pdf




Increase immune function

* Increased production of IgA, IgE, I1gG
« Cytokines:IL-1 5, IL-8, IL-10, IL-4, TNF- ¢«

http://wab.medvet.umontreal.ca/wab/sitee/prog/ewaschuk.pdf
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S lectin
= like proteins

- ®

mucous laver

epithelium

sugar chain  polyacrylamide

Lectins) fL)"_‘_ -0 (3)

= =) biotin

adhesive LAB  giqtinylated polymer probe

Estimation of epitope
structure of sugar chain

(S.Tadao, 2003)
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Flg. 2 A proposed mass screening system for problotic LAB with high adhasion to human colon & a9\3. RCM. rat colonlc mucin;

SLP surface layer proteln; LAB, lactic acld bacterla. %,,Wg k |E| % %I*§$



_ uman intestinal epithelial cells.
= y (A). A Monolayer of HT-29 covered

& with B. lactis DR10. (B) Adhesion of

L. rhamnosus DR20 on monolayer of

4 Caco-2 cell monolayer. (C) Adhesion
i of L. acidophilus HNO17 to HT-29 cell

monolayer. In all three photographs,

the probiotic strains are seen

& adhering to microvilli that form the

brush border of HT-29 or Caco-2 cell

monolayers magnification (10,000x).
(Gopal P. K. et al., Inter. J. Food Micrubiol. 67:207-

216., 2001)
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Table 4. Comparison of adherence properties of NCFM and other probiotic lactobacilli. +, adherence ocbeerved:
—, no adherence; HT29, indicates HT29 or HT29-MTX cells.

Cell line used
in adherence assay

Factors
Lactobacillus species HITH involved in
and strain s0074 Caco-2 HTZ29 adherence Reference
L. acidophilus + + + Protein Greene and
MNCFM Elaenhammer,
1994
L. acidophilus LA + + + Protein Chauviere et al.,
L. acidophilus LB + + Secreted 1992; Coconnier
protein et al., 1992
L. acidophilus LA1 + + Secreted
protein
L. crispaius BGZFO4 + + + Protein and Greene and
carbohvdrate Klaenhammer,
L. gasseri ADH + + + Carbohydrate 1994
L. rhamnosus GG + + Mack et al., 1999
L. plantarum 299 & + Mannose- Adlerberth et al.,
299 adhesion 1996
L. delbrueckit 1439 + + Greene and
Elaenhammer,
1994

NCFM is the progenitor of the strain being used for complete chromosome sequencing and therefore will be a

cornerstone

strain for understanding the relationship between genetics and probiotic functionality.

*‘F@

%

(M. E. Sanders et al., 2001)
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Table 1. Adhesion of three lactobacilli strains, L. rhamnosus (GG,
L. gasseri K7 and L. gasseri LF221 to Caco-2 cell ling; the values
(cfu/Caco-2) for two concentration levels of lactobacilli were

derived from the linear regression analysis

Adhered bacteria (cfu,/Caco-2)

Test . 25 10° cfu/well 25 10° cfu/well 8 357
strain P =52 cfu/Caco-2) (=h20 chu/Cacn-2) E" o 3
of added bacteria of added bacteria = g
K7 7 0.006 325 C©_ 95
. ™ L = *
45 0.014 644 m -
LE221 7 0.1 1.64 w 8 2 2
45 0.41 10.44 = 15
GG 7 0.009 3.7 FES=0
4.5 0.01%8 16.93 L
g E 1 FEE
Z 2
8 - 3] 05
@
7 ~ @
£ 'EF}
56 ™
35 £ &
E - A"
B4
% Fig. 5. Adhesion of Lactobacillus strains to a human epithelial cell
23 line. Lactobacillus strains were added to C2BBel and incubated
% 2 for 3 hr. After being washed thoroughly, cells were lysed and
= ] aliquots were plated on MRS agar as described in “Materials and
Methods.” ##*P-value<<0.001.
0 -
- p F (H. Jyunko et al., 2003)

05.2 cfu/Caco-2; pH=4.5 B520 cfuw/Caco-2; pH=4.5

B5.2 cfu/Caco-2; pH=7 0520 cfwCaco-2; pH=7 (B.M. Bojana et al. 2003)
Fig. 3. Efficiency of adhesion expressed as the ratio (%) oflacto-

bacilli viable cells that remained adhered to the Caco-2 enteroc-

ytes. The ratio was calculated from the values obtained by linear

regression analysis
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Saccharides and Cell Adhesion

Virus - Y
Oligosaccharide \
chain A~ )
Plasma Ly
membrane &
[

protein
] jl
Glycolipid >

sl
- |

{ {
.J'-J"'"'.H .- = |
AT e S
‘\,'."‘ \ | . 'r‘.' Fir
S (o : 1

P

http://courses.cm.utexas.edu/archive/Spring2002/CH339K/Robertus/overheads-2/ch9 _cell-adhesion.jpg
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In vitro adhesion

Caco2 cells monitored with FISH
analysis with different level of adhesion
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Seeding the Caco-2 cell line on wells

After Caco-2forming confluent monolayer with apical microvilli and several
'‘brush-border’ hydrolases (Pinto et al., 1983), adding fixed Lactobacillus on the

layer.
l 2-3 hours
Discard the culture medium — Gram stain

+

Observe stained cells under phase-
contrast light microscopy
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Adhesion assay of Caco-2 cell line

T
L iy

Lactobacillus
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Adhesion assay of Caco-2 cell line

Rinse with water

Fixing agent (lodine solution fix for 30sec to 1min)
Rinse

Decolourize (wash with 95% alcohol for 5sec)
Rinse with water

Counter stain (Safranin stand for 30sec)

© 0o N O Ol

Rinse with water
10.Blot dry

11.Observe under Oil Immersion RKEKXR £HITER



pbacillus GG

plantarum E51

Chi-Lin Tsai, 1992) - 75
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R FIA R U R 5

E47 3 —
V12 245 T
E53 12 =
E30 8 =
E51 238 ++
E38 78 +
E15 38 +
V52 4 _

33thA HLER Y o 3 M4t LA T 1 1 Caco-2ime R 0 H P X A
V12 ~ ES1¥ 12 3 Z| ¥5 %t 3 Caco-2 ‘m ¥z &t
(Chi-Lin Tsai, 1992)
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Probiotics properties of the isolated lactic
acid bacteria

0[5 600~nm
Lactobacillus sp. B2 7.3 x 104 2.059 + 4 +
Lactobacillus sp. B6 2.2 x 104 2.120 + +
Lactobacillus sp. B7 | 4.3x 104 2.093 + + +
Lactobacillus sp. B8 | 3.3x 104 2.154 + 4 +
Lactobacillus sp. B12 | 7.8 x 104 2.201 + + +
Lactobacillus sp. B14 | 5.5 x 105 2.209 + + +
Lactobacillus sp. B14 | 1.1 x 104 2.109 + + +
Lactobacillus sp. D15 | 3.5x 105 2.307 o+ + +
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Transwell® polycarbonate filters..

Hidalgo 1996 in Borchardt, Smith and Wilson (eds), Models for Assessing
Drug Absorption and Metabolism.New York, Plenum Press: 35 - 50.

— Apical Chamber

IIIIJIIII/I/IIIIII/IIIIIIIIII{IJ

i

Basolateral Chamber
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Transepithelial Permeability Experiments

Voltohmmeter JJ{JE! » ™32 B |7 5
Jarst 2 5Ll TEER > 350 Qxem2gy
inserts 1 = 8 & o inserts I'] 3} Y
transport medium ( 2! E 25mM
HEPES =' pH i £ 7.4 fY Hank’s
Balance Salt Solution ) {13k 3053

% ° ( Richard A. Walgren, 1998 , Biochemical
Pharmacology 55, pp.1721-1727)

Millicell-ERS Voltohmmeter---
millipore
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Fig. 21. The result of Gentamicin
transport through Caco-2 monolayer
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0.00016 E;ﬁgﬂ”g/gﬂ" = ﬂi 79 2 GentamICIn,k;
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— 1255 gml }i ﬁir‘g r_—-"rj—"j = 5E| Fﬁji .‘3
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Fig. 22. Comparison of the effect of L.
GG adhesion to Gentamicin transport.
(w/o:without; w/:with)
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L.GG#r+#C. difficile2 & 7 &

—8— Clostridium difficile growth

T T T T T T
0 10 20 30 40 50 60
Time(hr)

Fig.7.L.GG#r+#]C. diffiCiI 4 £ 0 %16-] C.
difficile2 & =M - %36 | pE A ﬁﬁi’r " o
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Caco-2:m% ¥ & 5% ¢

Fig. The Gram staining result of C.Caco-2
monolayer (magnification 1000x).




Caco-2im%z B & %+ C. difficile

Fig. The Gram staining result of C. difficile
adhered to Caco-2 monolayer (2hr)
(magnification 1000x).
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C. difficile 3 Caco-2 % H & %

C. difficile¥ L& 5|+ $ #iiw
7 € &b e 3% S e

Fig. 10. The Gram staining result of C.
difficile adhered to Caco-2 monolayer
(48 h) (magnification 1000x). PN
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—@— Caco-2 without bacteria
—O— Caco-2 + C. difficile
—w— Caco-2 + C. difficile + L. GG
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Fig. Effect of co-culture of L.GG on disruption of
Caco-2 monolayer by C. difficile
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Immuno-mechanism of probiotic LAB
which adhered to Caco-2 cell
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Possible ways of stimulation of the

E{ ’ ﬁﬁ ;”5 ?fE)ﬁ m]l ;\ 'k}c. EI/J gﬁ ﬂﬁ ° Immune system by ingested probiotics.
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™A Probiotic LAB
-

i

(S.Tadao, 2003

L. gasseri DNA

Peptidoglycan Teichoic acid Oligo DNA
iL SATTTATTATA
J L ; TGACTTAGCT-¥

TLR2 TLR4 TLRY

g g ke . 5l Fl Lo il hiee
—m.ﬂ_m_.‘_._‘h-‘r_.,_
signal transduction
E

| \,
E
Der%iritic cell &

E C}'tﬂkillﬁ ; Fig. 4 Estimated pathway of
. i, « N Immunostimulation reaction by
E IIHCIEI.IS pl‘ﬂduﬂm ¥ peptidoglycan, telcholc acld and oligo

DMA motif from Lactobaciius gasserl,
LAR, lactic acid bacteria; TLR, toll-lke

FAAE £Y TR immunostimulation  receptor




oE" Pro-CMlI/
LAB-derived bioactive Anti-allergy
molecules(e.g.LTA, PG)
IFN
Pattern- -~ .
recognition o b ”"13/ IL-18
peceptor coo N /
@] o @]
- o y
4 pd
X

Lymphocytes
Accessory cell
(macrophage/
DC)

\ -~ Pro-allergy

Th2 cell ; ,— 44

(
o 0 0%« _IL:T2/1L-18

Low ORNY | IL)S
amounts of o ~< -
IL-10, IL-6 e - -

Theoretical model for anti-aalergy mechanisma of immunoregulating lactic acid bacteria(LAB). NB : Th cell TCR interaction with MHC II-
bound allergenic peptide has been omitted for clarity.

(M.L. Cross et al., 2001) P
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% K e Rl F (I 3 & e p ecytokine z £)

RAW264.7 acrophage stimulated by Lactobacillus
J774A.1 (2-4 hours)

Stable expression of
either mutant in

RAW264.7 (which are = : f Wi | I
more amenable to Xam expression ot cytokinein ce

transfection than. culture supernatant by Enzyme-
J774A.1) linked immunosorbent assay (ELISA)
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ELISA assay

with culture
medium

2-4 hours
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Add antige

After TMB assay,
measure colour
change by
microplate ELISA
reader
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KAXS ENTIER



F38 (Lactococcus) 78 + 87.09% 26.42%
F40 (Lactobacillus) 3 - 90.30% 31.711%
F43 (Lactobacillus casei) 63 + 92.61% 24.73%
F46 (Lactococcus) 31 4 76.10% 12.48%
F47 (Lactococcus) 3 - T1.12% 29.06%
F49 (Lactococcus) 45 4 76.41% 8.33%
F51 (Lacococcus) 238 ++ 79.93% 12.42%
F55 (Lactococcus) 10 - 87.48% 26.94%
V12 (Lactobacillus) 245 ++ 72.93% 19.35%
V39 (Lactobacillus plantarum) 34 + 85.75% 28.15%

* = Lactobacillus GG was probiotics strain and used as control in this study.
** 1 Expressed as the average number of lactic acid bacteria adhering to Caco-2 cells, count is carried out on 20 randomized microscopic fileds.

*##% 1 The number lactic acid bacteria adhering to Caco-2 cells, which were lower than 15CFU/cells is thought as negative adhesion of lactic acid bacteria and shown as- ;
the number which were between 15 to 100 CFU/cells is thought as positive adhesion and shown as + ; the number which were larger than 100 CFU/cells is stronger
and shown as ++.

1to imbalance, that mean, we increased both

"REREEYTIER

##4% 1 The data shown above were reduction percentage of cytokines. In this study, we turned immune system of mac
Th1 and Th2 cytokine before, respectively, by using LPS. Higher the reduction percentage, that mean better th
system.




The End

Thank you for your patience
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