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Immunomodulatory Effects of Lactic Acid Bacteria and
Bioactive Peptides Derived from Milk
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ABSTRACT

The mammalian immune system comprises a complex array of cells and molecules that interact to provide protection from
pathogenic microorganisms. The beneficial role played by lactic acid bacteria and milk-derived peptides in humans, including
their effect on the immune system, bas been extensively reported. Lactic acid bacteria and milk-derived peptides, which are
present in dairy products, are frequently used as nutraceuticals to improve some biological functions in the host. Activation

of the systemic and secretory immune response by lactic acid bacteria and milk-derived peptides requires many complex
interactions among the various constituents of the intestinal ecosystem. Thus, the aim of this review was to examine in detail
the immunological potential of lactic acid bacteria and milk-derived peptides.
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53 2e W9EH AAHCE $ARE AP 579 P
A AN FQ5E Ao o) HAF AIME RS

fatzol o8t MEMHEA(Innate Immunity) =&

A4 B AA G st g JBele] AAF
= B AR JYg v
WS- 7 U7] wFol
& 2 AAS) F& 9L S} ol s A
WA A" ol = macrophage, neutrophil, basophil, eosinophil,
NK cell, dendritic cell ¥ M(microfold) cellE-©] =&} A
g frka o] ARAAE AR Fehe) HHAd 3
HA AR 2 frabddt ASAQ) A5 A48-E ofd, Hedde &
A4 SAE g4 HEske I8 3y ) 4528
capacity(82] ) 2 NK cell®] BHT £7} IgA A 2=,
lymphocyte 4] A 2 M EZAE(apoptosis) = 5 &
3 A HAA2"E 2430 THArunachalam ef al., 2000).
FAkzoll 2138 macrophage] phagocytic capacityell #3F &
TFANE AR L acidophilus7} murine E-2h) W3 L)
macrophage®] 253 A FAA Falg HPp) g
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52 S/t Bt 9l H(schiffrin e al., 1997),
L. rhamnosus GG+= 1AV neutrophilsso®} &4 2H§ 4-&A
(phagocycytosis receptors) CR1, CR3, FcgRIII, FcaR9] 28 &
Z7M A LA So| FE JA8)ETHZhang et al., 2005).
F8, FAHES NK cellE 84 5E £9 NK cell?] 25
& Z7MA)7)=H), ol NK cell?] & 2.3 cytokine2! 1L-159
S EAANAE w2} o FAA, L casei Shirotas
NK cell& 843} A7]= cytokinedl TL-128 AJ4F3te] NK
cellE 843l A7l AR &ElA JUTHGI ef al., 2001a).
o] 3k FAFF S NK cell G711 T FX17)50 <3 of
AEcke] RS AAE FA "ok HZ ol A+ AR
£ EUR L fermentum CECT 57169 23] NK cell®] H]&
£ =o]Z 0 antiinfluenza vaccine 7] &oll #H R AFE7} o)
Fo]x 3 ) tHOlivares et al., 2007).

Cytokinesi= AT A o A 2] ahde] izl A& AY
AL Frata 959 Jgel thsiA A S B A E A
o3l AF3t) &, &Y Bl A FAg e 3t
T 5l tiaksle WIS Adsketl, tEA QL cytokine

Table 1. Probiotic influence on different immme finctions(Delcenserie
et al., 2007)

Immune system

effect Organism References

L. acidophilus

(johnsonii)Lal Arunachalam et al., 2000;
Increased L. casei Donnet-Hughes et al., 1998;
phagocytosis ~ B. lactis Bb12 Perdigon et al., 1988;
capacity B. lactis HNO19 Schiffrin, 1994;

L. rhamnosus GG Schiffrin et al., 1997

L. rhamnosus HNOO1

L. casei subsp.

caseitdextran Gill et al., 2001a;

Increased NK

. B. lactis Bbl2
cell activity

B. lactis HN109
L. rhamnosus HNOO1

Ogawa et al., 2006;
Sheih et al., 2001

Fukushima et al., 1998;
Ibnou-Zekri et al., 2003;
Isolauri et al., 1995;
Kaila et al., 1995;
Link-Amster ef al., 1994
Majamaa et al., 1995;
Park et al., 2002

B. bifidum

L. acidophilus
Stimulation of (johnsonii)Lal
IgA production L. casei rhamnosus

GG

B. lactis Bbl2

Suppression of L. rhamnosus GG
lymphocyte L casgl 6G Caro et al., 2006;

. . B. lactis
proliferation, I acidophil Sturm et al., 2005;
Induction of - acieop ”,IS Vonder Weild et al., 2001
aDoDLosis S. thermophilus
Pop L. para casei
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20V £ W sl Imcrlculqn(IL) intheferon ® tumor
necrosis factor(TNF)ﬂr o, Fakdo] TNF-g ol &3] =
SE ZH Az -89 AN S FE EFeE Ao
A 9lom, lactobacilli®] T g8 walste] Caco-2 cell

o Ao IL-89] S ANSE A, YA FEME A
BE FA) &% fEH o SEAE G Aoz B
AL R K Zhang er al., 2005},

ke’ B
lL:TL(B lympocyte)g} T %3 2T lympocyte)el] 8]3te] e}
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o ZE71%5E [FN-g, [FN-a, IL-2 53 & cytokine?] A4t
2 S7HA F= Fl sl BHAEA 975 o St Moore
et al., 2001}, Lactobacilli®} bifidobacteriaS o] & 3ted A Z%
4 A A B Skl 98 83 O A 50}
‘57}5}"5 Zoz I, T3k celloﬂ -‘46
H|5olA [gAS} 5o]4 2H|H [gA &
Samonella 53} 722 HAAEL =
B3 EY vKSchiffrin et al., 1997).
A8 714 BZE TH Zl(Helper T-cell) %
HAoA 23 AL Frh BE THE %oﬂ*ﬂ Thi# Th2
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. -inmtut the proliferation
of Th2 celis
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Activation

Fig. 1. Effects of immuemodulation by Th1/Th2 balance.

&k Th1/Th29) vl &o] §&2
56}7%1 s, olef g HEk
Zholl wh} “’]’TQD% Th2E 8ol
#A], Thi1 2 AF=E 27 A 8L Fregich
k: a2l 1‘1% Txﬂ
&8k 2 TNFag F93HA 24
7] A okl uhe} e A
of &3}~ X 2 lZHCrorr et al., 2002). %
&, IL-109) #F9S 7152 AE Thl cell ¥H5-5 }ﬁ 3l
A ZFE = o8 d1E F NI
IL-10 %7 EolAe 2o & .ol
# Thl cell#2] wh-gA 2 -?r"‘}ﬁ% | whek telsiA
um, og @5 Hisj L ]
Aoz AL ArHMassen et al., 1998).
o]# 8 Fatd ) Ao AL A 22 459
shock S Futste] APEAIZ] ALFA & o] &ste] Ad A3
0% A3 08 tehe A2 WIH A Ut Yoshitaka
et al., 2006). TF& & Lactobacilliol €& 7habe] dol Abgt
ﬂl-a— ol &3te] T EARS A AbF A 23] Thi cell ¥
1 ZA 0o IL- 12¢] x(]jx% _/:s;qﬂoﬂ -} igE /g/\g%
QMHSW AZE ge At ol FEA L] SA1E oA
3= Zo] z}o &} 9l th(Sashihara et al., 2006). ©] 2} & A

ol A7 15e AL A A EZHU ] peptidoglycan &334 4
2 Afol “’,1'* RAo® FAH I o, o] 215 stressol
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AZ2AAAZA 2L Bk opu 2} A4 brush borderel
A] olplicAte] 2ol To]3tH peritoneal lymphocytes 2 -
E] histamine®] -F2]& FA7E 448 = AoR By
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Major Milk-borne Bioactivites

Bioacﬂvig Categ mx
__Bloactive Agent in
Witk Gut Action .
A Gl Developmaent, Activity, and Function:
Casein Casomorphins $-Gut motlity, Passage mie of digesta.
& Gastric émptying rate.
$Uptake of Amino Acids, Elecirolyles by
Intestinal epithelial cells.
Casein Casokinins {ACE-))  4§Blood flow fo infestinal epithelium,
Growth Factors 16F-4, TOF-Q £ -Growth In intestinal Tract
EGF
Lactoferin {actoferin 4 Protiferation of Intestinal Epithelial Calls
‘m—mww—————J,—__—_mm_____mW
B. Infant Development;
Mitk Peptide Milk Paplide 4 Lactotrope development In Phultary of Suckiing.
Prolactin Prolactin 4 Lymphocyte Trafficking, immune Development.
Growth Factors EEGGFIS%‘;F: 4 Livar, Organ Development & Function.
PTHP PTHP 4+ Ca* Motabolism, Uptake?
X Prosaposin Prosaposin 7 4Neurological Development? y
4 )
C. immunological Development and Function:
immunoglobuline  15G, IgA 4-Passive Immunity,
Cytokines -1, IL-2, 1.8, 1L-10, fLymphocyte Trafficking, Immune Davelopment.
TNF-g , IFN-7 TGF &,
TGF-8, PGE,, PGF,,
lsukotriene B,
Prolactin Proiactin 4 Thymocyte trafficking, Immunological development.
Lactofersin Lactoferrin 4 Humoral immune Response o Sheep REC,
$T-Heipar Call ({CO4*) development.
4 Natural Killer Cell aclivity.
4 Lymphoking-activated Killsr Cell activity:
$vrg | fits
Lactoferrin Lf M-terminal 4 Humoral Immune response,
Peptides ¢ N
Lactoforricin & inflammatory response 10 Badierial Endoiowin.
Cassing Casomorphing 4rimmune responss, Phagocylic activity.
N Casokinins )
— ™y
D Microblotic Activity:

. Antiblotic Activity - Antibactedal A iral Activit o _disease fenss:
Immunogicbuling 196G, IgA fPasswe Immuntly to Bacterial & Viral cisaase
Lactofersin Lactoferrin 4 Bactoriostatic inhibition of iron<iependent bacieria.

& Viral attachment to and infection of cetis.
£ Lymphokine-activated Killer Call activity:
Lactoferrin ife 4 Bactericidal Kiling ofGrams+/- enteropathogens.
Lactoferricin
Glycoliplds, Glycoliplds, Bacte tachment
Oligosaccharidos  Ofigosaccharides & St mape e mont 42 inestinel
& Bacterisl colonttasion & Viral infaction,
b. Problotic Ac = Biftdo nd i illi
Lactoferrin Lactoferrin 4 Growth of Bifidobaciads in G} fract,
*- Casein &-Caseln 4 Growth of Bifidobacteria in G! tradl,
glycomacropoeptide
Cligosaccharides  Oligosaccharidos 4 Growth of Bifidobacteria in-Gl tract,
\. o

Fig. 2. Major categories of bioactivities in milk, and their general effects and major effect(Schanbacher er al., 1998).
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=X JtHKatser et al., 1996).

G-l 3 T Aol lactoferrin, immunoglobulin 2 lysozyme
o MY 24 ARl FHH 9len, Af(normal milk)
o Bla] Zfr(colostrum)oll =7 F5-¥ SEF A 23 G3)
Pl Ee] el thgh ol G 28 ZL lymphocytes2]
37 2 &7, neutrophil®ll 913} hydroxyl 712] 4843, lysozyme
regeneration®] 72~ 3 macrophage, granulocyte, neutrophil, leuko-
cytes?] =2 24§ Fo] 2 <A 9 thMachnicki ef dl.,
1993). 18] 3 W9 lysozyme?] W F4 7)1 23
B 9 snbo] 2 A S8 9o casein 29 =B
o] Eol %t T-cell 3} %7, interleukin, TNF % PEGS} 2
< cytokine A& 5 F N lymphocytes?] H3}o} 4] =
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