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ABSTRACT 
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Inas Elawadli                                                                                         Advisor: 

University of Guelph, 2012                                                                   Dr. Shayan Sharif 

 

Lactic acid bacteria (LAB) are of interest because of their potential to modulate 

immune responses. The effects of LAB range from regulation to stimulation of the 

immune system. It has been reported that LAB affect health via two main mechanisms: 

directly through physical interactions between LAB and cells of the immune system, and 

indirectly through the products of these bacteria. The studies presented in this thesis 

examine the direct and indirect effects of LAB on the immune system specifically on 

murine dendritic cells (DCs). 

Mouse DCs (in form of the DC2.4 cell line) were treated in vitro with a fraction of 

bovine milk fermented with Lactobacillus helveticus-2 (LH-2) or three synthetic peptides 

identified within the fermented milk fraction. Cell culture supernatants were analyzed for 

presence of tumor necrosis factor (TNF)-α and interleukin (IL)-6 to determine the effects 

of LAB on DC activation. The results of this study showed that the ability of the milk 

derived fraction and the synthetic peptides to induce DC activation and production of pro-



 

inflammatory cytokines was limited, suggesting that these peptides may induce regulatory 

immune responses. 

A series of studies was performed in vitro to investigate the effects of six LAB 

species and strains, (LH-2), Lactobacillus acidophilus-5 (La-5), Lactobacillus 

acidophilus-115 (La-115), Lactobacillus acidophilus-116 (La-116), Lactobacillus 

acidophilus-14 (La-14), and Lactobacillus salivarius, on maturation and activation of 

DC2.4. Production of TNF-α, IL-6 and IL-10 by DCs was determined after treating cells 

with live LAB. The expression of DC maturation markers, CD80 and CD40, was also 

measured using flow cytometry after stimulation with LAB. In addition, the expression of 

toll-like receptors (TLRs) 2, 4 and 9 by DCs stimulated with LAB was measured. Our 

results revealed that LAB act differentially on pro-inflammatory and anti-inflammatory 

cytokine production and induction of co-stimulatory molecules by DCs. Specifically, L. 

salivarius was found to be the most effective LAB to induce pro-inflammatory cytokine 

production and expression of co-stimulatory molecules. Moreover, La-14, La-116 and La-

5 induced moderate maturation and activation of DCs. On the other hand, LH-2 and La-

115 are the least likely lactobacilli to induce DC response. In conclusion, various strains 

and species of LAB can differentially regulate DC activation and maturation, raising the 

possibility that these microbes can influence and steer immune responses of the host. 
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CHAPTER 1 

INTRODUCTION 

Mucosal tissues are exposed on a daily basis to a variety of antigens and they are 

the main portal for a vast array of pathogens. The mucosal immune system consists of 

mixed types of cells, such as epithelial cells, dendritic cells, T cells and B cells, 

distributing along the mucosal wall in various patterns and structures. Dendritic cells 

(DCs) play a fundamental role in regulating the innate and adaptive immune systems. For 

example, mucosal DCs that reside in the intestine, have an important characteristic 

linking cells of the immune system with other cells, as they are the first to be conditioned 

by direct contact with different antigens from the mucosal lumen or by the intestinal 

epithelial cells (IEC). Subsequently, DCs influence cells of the intestinal immune system, 

such as B cells and T cells.  

The intestinal mucosa and the immune system form an interactive relationship that 

has evolved to facilitate the digestion and absorption of nutrients, to maintain tolerance 

against food antigens, maintain a commensal relationship with the microbiota and defend 

against ingested pathogens. Failing to maintain these relations can lead to various 

intestinal infections and inflammatory diseases. The intake of live microorganisms in the 

form of probiotics alone or within fermented products, such as fermented milk, yogurt 

and cheese, has been known to improve general health and to maintain the host-

commensal relationship. Probiotics, including lactic acid bacteria (LAB), are of particular 
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interest due to their beneficial effects on the immune system. These effects vary among 

the different species and strains of LAB and range from regulation to stimulation of 

immune responses.  

Research has demonstrated the role of probiotics in regulating the intestinal 

immune system and producing other health benefits. However, the study of the different 

mechanisms used by various probiotics to modulate the immune system is still in its early 

stages. It has been suggested that probiotic bacteria affect health in different ways, either 

directly, through their contact with components of the immune system, or indirectly, 

through the consumption of the products fermented by these bacteria. 

Recent research has concentrated on the role of bacteria-free products obtained 

from foods fermented with probiotic bacteria, leading to the discovery of a wide variety 

of these products, such as bioactive peptides. Bioactive peptides are portions of protein 

sequences that have a beneficial effect on body functions and conditions. Most 

biologically active peptides are encrypted within the primary sequence of the native 

protein and can be released by enzymatic hydrolysis and proteolysis or by food 

processing. Bovine milk is a major source of bioactive peptides, which may contribute to 

regulation of the nervous, gastrointestinal and cardiovascular systems as well as the 

immune system.  

The first objective of this research was to investigate the ability of bacteria-free 

milk products fermented by one of these LAB species, LH-2, to modulate the in vitro 

activation and maturation status of murine DCs. Peptides derived from milk fermented by 

LH-2 have been identified and some of their immunomodulatory activities have been 
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investigated (Tellez et al. 2010). Hydrolytic reactions, such as those catalyzed by 

digestive enzymes, result in the release of these peptides. In previous experiments, a 

fraction of these peptides was found to have a stimulatory effect on the immune system 

(Tellez et al. 2010). 

The second objective of this research was to study the potential of six species and 

strains of LAB, specifically LH-2, Lactobacillus acidophilus-5 (La-5), Lactobacillus 

acidophilus-115 (La-115), Lactobacillus acidophilus-116 (La-116), Lactobacillus 

acidophilus-14 (La-14), and Lactobacillus salivarius (L. salivarius), to induce the 

production of different cytokines by DCs which may play a role in induction and 

regulation of immune responses. 
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Literature Review 

 

The mucosal immune system is exposed to a wide variety of antigens, including 

those derived from the commensal microbiota and pathogens. Gut mucosa, a component 

of the mucosal immune system, is characterized by the crosstalk between the intestinal 

epithelium, commensal microbiota and cells of the intestinal immune system. This 

crosstalk is an important key to the maintenance of intestinal homeostasis. The 

interaction encompasses induction of tolerance towards food antigens, maintenance of a 

safe symbiotic relationship with the intestinal microbiota and development and activation 

of the intestinal immune system. In addition, this interaction plays an important role in 

activating the immune system to defend against invasive pathogenic microorganisms.  

 

1.1) The Intestinal Immune System 

The intestinal immune system is composed of epithelial barriers, cells of innate and 

adaptive immune system and resident microorganisms. The following is a description of 

these components and their functions including their role in regulating the intestinal 

immune response. 

1.1.1) Intestinal Mucosal Barriers 

The intestinal mucosa plays a key role in maintenance of homeostasis in the 

intestine and protection against invading pathogens. The intestinal mucosa forms barriers 

that separate the gut lumen content and the underlying tissues. The first intestinal barrier 

is mucin, which is secreted by goblet cells (Johansson et al. 2008). The mucus layer 
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promotes fast and continuous repair of intestinal damage (Chuang et al. 2007). It also acts 

as a wall to maintain a distance between intestinal microbiota and the epithelium as a part 

of intestinal homeostasis maintenance. In addition, it contains antimicrobial peptides and 

secretory IgA that bind with the intestinal lumen contents to protect the epithelium 

against commensal bacteria and foreign antigens (Johansson et al. 2008).  

The second intestinal mucosal barrier is composed of epithelial cells. They form the 

first line of cells to contact with the gut commensal microbiota, ingested probiotics and 

pathogenic microbes. Epithelial cells help to stimulate and regulate the intestinal immune 

response through the expression of innate immune molecules, such as antimicrobial 

peptides, pattern recognition receptors (PRR) and production of various cytokines. 

Antimicrobial peptides such as defensins, cathelicidins and C-type lectins are produced 

by intestinal epithelial cells (Hooper and Macpherson. 2010). For example, defensins 

interact with gut microbiota to limit their colonization and act as an alarm to the innate 

immune system against dangers in the intestinal lumen. These peptides have the ability to 

kill bacteria directly via different mechanisms, including the disruption of the bacterial 

cell membrane, leading to bacterial cell death (Ouellette. 2004). Intestinal epithelial cells 

(IECs) can recognize bacteria through expression of a number of PRRs (Lebeer et al. 

2010) such as Toll-like receptors (TLRs) and nucleotide-binding oligomerization 

domain-containing protein (NOD)-like receptors (NLRs). Although PRRs play a vital 

role in triggering a series of responses against various pathogens (Takeda and Akira, 

2004), their role in the intestine is suggested to be more in regulating intestinal 

homeostasis (Sanderson and Walker, 2007).  
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IECs also modulate the intestinal immune response via secretion of pro-

inflammatory cytokines, such as interleukin-6 (IL-6) (Ng et al. 2003), tumor necrosis 

factor-α (TNF-α) and IL-8 (Sansonetti. 2004) or down-regulatory cytokines, such as 

transforming growth factor β (TGF-β) and IL-10 (Goodrich and McGee, 1998; Hill and 

Artis, 2010). IECs can also express other immunomodulatory molecules, for instance 

thymic stromal lymphopoietin (TSLP), and retinoic acid (RA) that can induce tolerance 

in DCs and macrophages (Hill and Artis. 2010). 

1.1.2) Gut-Associated Lymphoid Tissue (GALT) 

GALT is the largest secondary lymphoid tissue aggregation in mammals. It includes 

mesenteric lymph nodes (MLN), Peyer’s patches (PP), cecal patches and isolated 

lymphoid follicles (ILF) that are present as organized aggregates (Langman and 

Rowland. 1986). GALT also includes the intestinal lamina propria (LP) consisting of 

antigen presenting cells (APCs), such as (DCs) and macrophages, T cell subsets (mostly 

CD4+ T helper cells (Th), including Th1, Th2 and Th17) and other subsets of T cells, 

(such as γδ T cells) (Agace. 2008) in addition to B cells and plasma cells (Luongo et al. 

2009). These cells are found in a more dispersed manner along the intestinal wall. Peyer’s 

patches (PP) are organized lymphoid tissues found in the sub-mucosa of the lower part of 

the small intestine (ileum). They harbor germinal centers containing large follicles of B 

cells, interfollicular regions (IFR) containing T cells, such as Th2, Th3 and regulatory T 

cells. PP are covered by a special epithelium containing follicle-associated epithelial cells 

also known as microfold cells (M cells) (Sato & Iwasaki. 2005) which sample foreign 

antigens and bacteria from the gut lumen by phagocytosis or endocytosis and deliver 

them to APCs, especially DCs (Coombes and Powrie. 2008; Neutra et al. 1996). 
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The intestinal mucosa and associated lymphoid tissues are important locations of a 

highly interactive group of cells of the innate immune system with antigen presenting 

functions, including macrophages, myeloid DCs (mDCs), plasmacytoid DCs (pDCs) 

(Coombes and Powrie. 2008) and cells of the adaptive immune system, such as T cells 

and B cells.  

1.1.2.1) Dendritic Cells 

Dendritic cells are antigen presenting cells that can activate naïve T cells. DCs are 

distributed in most of the body tissues and organs, forming one of the earliest defense 

mechanisms of the immune system. These unique cells are characterized by their key role 

in coordinating between various innate and adaptive elements of the immune system. 

DCs are able to induce different local and systemic immune responses varying between 

stimulation, regulation and tolerance. Immature DCs usually reside in peripheral tissues; 

they are highly effective in capturing antigens by phagocytosis, pinocytosis or 

endocytosis (Lutz and Schuler 2002). Immature DCs express low levels of major 

histocompatibility complex class II (MHC class II) and co-stimulatory molecules such as 

CD86 and CD80. Immature DCs can poorly stimulate T cell proliferation and induce T 

cell anergy (Lutz and Schuler, 2002; Stagg et al. 2003). DCs recognize pathogen-

associated molecular patterns (PAMPs) through PRRs which trigger activation and 

maturation of DCs (Iwasaki 2007) and expression of molecules such as MHC class II, 

CD80, CD40, CD86 and CCR7, increasing their antigen presentation function while 

decreasing their phagocytic capacity (Sato & Fujita 2007). 

Activated DCs secrete various pro-inflammatory cytokines, such as IL-12, IL-2, IL-

6 and TNF-α in early phases of the immune response. Activated DCs then migrate from 
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the tissues, in which they have received their activation signals, to the local lymph nodes 

to prime the resident T and B cells and induce adaptive immune responses towards the 

captured antigen (Lipscomb and Masten. 2002). In addition to the above DC subsets, 

another type of DCs, called semimature DCs, has been proposed (Lutz and Schuler. 

2002). These DCs are characterized by high expression of MHC II and co-stimulatory 

molecules, and low production of pro-inflammatory cytokines mainly IL-12. Semimature 

DCs have the tendency to induce steady state immune response (homeostatic) via 

activation of regulatory T cells and production of more anti-inflammatory cytokines 

rather than fully activated and matured DCs (Lutz and Schuler. 2002).  

In the gut mucosa, DCs are particularly localized in two regions, the PP and LP, 

and play a pivotal role in homeostasis and inflammation (Iliev et al. 2007). There are 

several subsets of DCs that produce either immunoregulatory or pro-inflammatory 

cytokines in the PPs performing diverse functions (Rescigno and Sabatino, 2009). Two 

subsets of dendritic cells that are commonly present in the intestine include migratory 

DCs (CD103+) and resident DCs (CXCR1+) (Ng et al. 2010; Rescigno and Sabatino. 

2009). Migratory (CD103+) DCs sample antigens from the gut lumen indirectly through 

transcytosis by M cells or phagocytosis of apoptotic intestinal epithelial cells (IECs). 

Upon maturation, they activate T cells, mostly T regulatory cells (Tregs) and B cells, 

located in the interfollicular regions (IFRs). In PP, DCs prime the activated T and B cells 

through a retinoic acid (RA)–dependent mechanism to home to the intestine (Iliev et al. 

2007). Subsequently, CD103+ DCs, with a short life-span, migrate only to MLN helping 

in induction of systemic oral tolerance and local immune responses against intestinal 

microbiota without migrating to systemic lymph nodes (Scott et al. 2011; Ng, et al. 
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2010). In addition, migratory (CD103+) DCs isolated from the LP or MLNs promote the 

differentiation of Foxp3+ (Tregs) (Scott et al. 2011). This activity is dependent on RA 

and TGF-β (Jaensson et al. 2008). 

Resident (CXCR1+) DCs exist in the LP lying underneath epithelial cells and 

sample directly from the gut content by extending their dendrites through the epithelial 

tight junctions without breaking the integrity of the epithelial layer. There is evidence that 

these cells are involved in induction of inflammatory responses in the intestine since they 

are able to promote Th1 and Th17 differentiation and activation, which results in more 

inflammatory responses (Rescigno & Sabatino 2009; Ng et al. 2010). In case of infection 

or inflammatory disease, resident (CXCR1+) DCs recruit more DCs from peripheral 

tissues.  

Intestinal DCs sample the antigen from the intestinal lumen by different ways 

depending on their location, subtype and expression of extracellular molecules. For 

example, LP DCs expressing CXCR1 are located underneath the intestinal epithelial cells 

forming tight junctions with these epithelial cells. The expression of CXCR1 receptor 

helps DCs to extend their dendrites through theses tight junctions (Niess et al. 2005) to 

reach the gut lumen and sample directly. On the other hand, CXCR1- DCs in LP and PP 

use alternative ways to sample from the intestinal content. In PP, M cells sample antigens 

from the intestinal lumen then transfer these antigens to PP DCs through transcytosis 

(Müller et al. 2005). PP DCs (103+) are responsible for presenting antigens to Treg cells 

in PP and can migrate to MLN to prime Treg cells in MLN. Treg cells after activation 

migrate to different lymph nodes to induce systemic tolerance against food antigens. 
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Moreover, DCs of LP can uptake the antigens present in the intestine indirectly through 

phagocytosis of apoptotic epithelial cells loaded with these antigens. 

DCs are vitally important players in inducing suitable immune responses in the 

intestinal mucosa. Various populations of DCs are involved in maintaining immune 

responses in the intestinal mucosa and some of these DCs mediate tolerance against food 

antigens. At the same time, they control colonization of commensal microbes through 

induction of protective immune responses. There is also evidence that mucosal DCs 

respond to various probiotic bacteria, including LAB in a strain or species specific 

manner and elicit inflammatory responses against pathogens. All of these reactions are 

balanced under the effect of intestinal DCs, which are affected by and work on various 

immune system cells to elicit the required immune response. 

1.1.2.2) Macrophages 

Macrophages are known for their involvement in innate immunity of the host. The 

intestinal mucosa includes a great number of macrophages. Macrophages are located in 

the LP and in the subepithelial dome region of PP and function as phagocytic and 

bactericidal cells. In the intestine, most macrophages in PP migrate from blood during 

intestinal inflammation and produce pro-inflammatory cytokines TNF-α, IL-1, IL-6 and 

IL-12 (Smith et al. 2005). On the other hand, during intestinal homeostasis, the intestinal 

macrophages down-regulate their production of pro-inflammatory cytokines under the 

effect of TGF-β, secreted by IECs (Smythies. 2005). These macrophages are responsible 

for clearing the debris and dead cells during intestinal healing. 
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1.1.2.3) B Cells 

Most of the intestinal B cells exist in germinal centers of PP and in LP. There are 

two sub-classes of B cells in the intestine; B-1 and B-2 cells. B-1 cells play an important 

role in regulation of immune homeostasis in the intestine. Under stimulation with TGF-β 

and RA, these cells differentiate into plasma cells secreting high amounts of IgA with 

low affinity and poly-specificity (Izcue et al. 2009) without requiring activation by Th2 

cells (Berland and Wortis. 2002). The IgA secreted by these B cells protects against 

intestinal microbiota during homeostasis when IgA is transported to the intestinal lumen 

and is bound to microbes to prevent these commensals from attaching to the gut 

epithelium. Conventional B-2 cells defend the intestine against invasive microorganisms 

by differentiating into IgA secreting plasma cells in a T cell-dependent manner through 

IL-4, IL-5 and IL-2 cytokines secreted by activated Th2 cells. The IgA secreted in this 

case is highly specific and binds with high affinity to antigens of pathogenic organisms 

(Cerutti and Rescigno. 2008).  

1.1.2.4) T Cells  

The intestinal mucosa contains various subsets of T cells in the GALT. 

Conventional CD4++ and CD8++ T cells exist in the LP, whereas γδ+ T cells exist 

as a prominent part of intraepithelial lymphocytes (Agace. 2008). CD4+ T cells are 

subdivided into T helper cells (Th1, Th2, Th3 and Th17 cells) and Treg cells. Th1 cells 

secrete IFN-γ and confer immunity against intracellular pathogens, while Th2 cells are 

primary activators of B cells. Th2 cells secrete cytokines, such as IL-4, which promotes B 

cell maturation. Th17 cells secrete IL-17 and increase in number and function during 

inflammation and play a vital role in host defense against pathogenic bacteria and fungi. 
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Th17 cells have the potential to intensify inflammatory immune responses leading to 

inflammatory diseases such as Inflammatory Bowel Disease (IBD) and other autoimmune 

diseases. Treg cells are T cells that regulate immune responses via down-regulation of the 

active immune responses and secretion of down-regulatory cytokines, such as IL-10 and 

TGF-β. These cells are involved in intestinal and systemic tolerance of food antigens and 

maintenance of a commensal interaction with the microbiota (Sun et al. 2007). DCs, 

migrating from the gut to MLN, stimulate Treg cells by producing gut homing factors. As 

a result, Treg cells travel through the lymphatic system to other body tissues to activate 

more Treg cells in order to inhibit or regulate extensive immune responses to food 

antigens and microbiota (Rescigno and Sabatino. 2009). 

 

1.2) Immune Response against Commensal Bacteria 

Commensal microflora refers to the large number and species of nonpathogenic 

bacteria that reside in the mucosal lumen, especially in the intestine. Commensal 

microflora start colonizing the gastrointestinal tract shortly after birth and live in a 

mutually beneficial relationship with the host. The intestinal microbiota is essential to the 

immune system development, health maintenance and food digestion (Hooper and 

Macpherson. 2010). In healthy individuals, the intestinal flora is highly effective at 

competing with the colonization of the intestine by various pathogenic microorganisms. 

Members of the intestinal flora produce different antimicrobial substances, including 

colicins and short chain fatty acids which are effective bactericidal and bacteriostatic 

compounds that help to control the growth of invasive pathogens (Sarker and Gyr. 1992). 

Furthermore, the intestinal microflora reduce the incidence of food allergies (Sudo et al. 
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1997). It has been shown that germ-free mice, which lack intestinal microbiota, fail to 

develop oral tolerance. However, reconstitution of the gut microflora in germ-free mice at 

the neonatal stage, but not at older ages, leads to the development of normal tolerance 

(Sudo et al. 1997). On the other hand, uncontrolled expansion and growth of commensal 

bacteria may be harmful to the intestinal mucosa. Therefore, the IECs and intestinal DCs 

share the responsibility of coordinating the various mechanisms that control the growth of 

commensal bacteria. These cells play a vital role in managing the immune response 

against commensal bacteria to keep them away from directly contacting with the 

intestinal cells and to protect the intestinal mucosa from the possible penetration by these 

bacteria. 

The intestinal migratory DCs(CD103+), from LP and PP, can capture the 

commensal bacterial antigens through phagocytosis of apoptotic epithelial cells or 

through transcytosis from M cells. These migratory DCs transport the captured antigens 

to the mesenteric lymph nodes (Macpherson & Uhr. 2004). In MLN, antigen-loaded 

migratory DCs activate Th2 cells and B cell differentiation to plasma cells specialized in 

IgA production. The immune response toward gut microbiota stays local and restricted to 

mesenteric lymph node. These immune responses do not spread systemically 

(Macpherson & Uhr. 2004) as the migratory DCs loaded with gut flora have a short 

lifespan and die shortly after they reach the MLN and are, subsequently, phagocytosed by 

macrophages. 

Various mechanisms have been identified to regulate the presence of commensal 

and consumed probiotic microorganisms without causing harm to both the host and the 

bacteria (Macpherson & Uhr. 2004). First, migratory DCs from LP or PP loaded with 
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commensal bacterial antigens can induce a protective immune response toward 

commensals by inducing T cell–independent expression of IgA and gut-homing receptors 

on B cells (Mora et al. 2006). Second, various mechanisms to regulate the expression and 

signaling pathway stimulation of PRRs in the intestine have been demonstrated to prevent 

unwanted inflammation in the presence of commensals or probiotics (Cario & Podolsky. 

2005; Abreu et al. 2005; Wells et al. 2010). One of the important mechanisms of 

regulation of intestinal homeostasis is the unique expression and location of TLRs and 

their co-receptors in the intestine. TLRs in the intestine are expressed by IECs, DCs 

macrophages, B cells and T cells (Albiger et al. 2007). Intestinal TLR expression differs 

during homeostasis and inflammation or infection. For example, TLR expression is 

reduced or controlled during the homeostasis state in both DCs and IECs to prevent their 

contact with commensal bacteria in the intestine. TLR4 expression has been shown to be 

reduced on the surface of IECs and DCs in the LP especially in the colon (Abreu et al. 

2005), which results in reduced activation of these cells by commensal microflora. In 

addition, during homeostasis, TLR4 co-receptors MD-2 (Abreu et al. 2001) and CD14 

(Cario & Podolsky. 2000) are not expressed on the surface of IECs, macrophages and 

DCs, which prevents the stimulation of TLR4 signaling pathways (Cario. 2005). Also, 

TLR5 has been found to be expressed on the basolateral surface of IECs in vitro, not the 

apical border, to avoid direct contact with gut microflora, although other studies have 

reported the expression of TLR5 on both sides of IECs in vivo (Cario & Podolsky. 2005; 

Kawai & Akira. 2006). There may also be subtle differences between microbial-

associated molecular patterns of pathogens versus commensal microorganisms, leading to 

stimulation of TLRs by the former and not the latter (Lebeer et al. 2010). Another 
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mechanism to regulate the activity of intestinal TLRs is the expression of TLR signaling 

inhibitors. These inhibitory molecules interact with specific components of the signaling 

pathway leading to arrest of cell activation and, ultimately prevention of production of 

pro-inflammatory cytokine production and down-regulation of immune response (Clavel 

& Haller. 2007). One of the identified TLR inhibitory molecules is a molecule called 

MyD88s which is a spliced variant of MyD88 and is produced after LPS stimulation. 

This molecule appears to inhibit the nuclear factor (NF)-kB signaling pathway (Takeda & 

Akira. 2004; Burns et al. 2003). Further, IRAK-M is a molecule of the IRAK family that 

has been found to have an inhibitory effect on the MyD88 signaling pathway via binding 

to the MyD88 molecule (Janssens & Beyaert. 2003; Takeda & Akira. 2004). Another 

example of TLR signaling inhibitory molecules is TOLLIP, which is a Toll/IL-1R (TIR) 

domain containing inhibitory protein that binds to IRAK to stop the signaling pathway of 

stimulated TLRs (Zhang & Ghosh. 2002; Abreu et al. 2005; Cario & Daniel. 2005). 

B cells play an important in immune response to commensal microbes. Activated 

plasma cells produce a great portion of the total secretary IgA under the effect of 

commensal bacteria in the intestine. Upon secretion, IgA is transported across the 

epithelium into the gut lumen via transcytosis. IgA in the gut lumen binds to intestinal 

microorganisms preventing them from approaching the mucosal surface, which acts as 

the first line of defense against viral and bacterial pathogens. IgA in the intestine is 

produced by two different mechanisms: T cell-independent and T cell-dependent 

pathways (Tezuka & Ohteki. 2010; Cerutti & Rescigno. 2008) via direct and indirect 

effects of intestinal DCs. IgA production through the T cell-dependent pathway is 

induced by PP DCs, particularly CD11+DCs (Sato. 2003), under the effects of IL-6, IL-5, 
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TGF-β and RA (Tezuka & Ohteki. 2010; Rescigno & Sabatino. 2009), leading to 

activation of Th2 cells. These cells express CD40 ligand which binds to CD40 expressed 

on naïve B-2 cells resulting in their activation (Sudo et al. 1997). On the other hand, the T 

cell-independent pathway is induced in intestinal lymphoid follicles of the LP under the 

effect of TGF-β, proliferation-inducing ligand (APRIL) and B cell–activation factor of 

the TNF family (BAFF) (Migliore-Samour et al. 1989) produced by LP resident DCs. 

This pathway results in direct activation of B1 cells, which differentiate into plasma cells 

that produce IgA without the requirement of T cell presence. 

In summary, the intestinal microenvironment around DCs has been demonstrated to 

condition DCs toward the production of anti-inflammatory cytokines and activation of 

Treg cells. Furthermore, the conditioned DCs prevent the production of pro-inflammatory 

cytokines and activation of inflammatory T cells, such as Th1 and Th17. Despite the 

benefits of commensal microbes to the mucosal immune system, the intestinal microbiota 

is kept away from direct contact with the intestinal cells to protect the intestinal mucosa 

from possible penetration by these commensals, under abnormal conditions. Changes in 

the intestinal environment, such as injury or genetic defects, may allow the microflora to 

invade the epithelium exacerbating the immune response and increasing inflammation of 

the mucosa, as observed in IBD (Hill & Artis. 2010). On the other hand, disturbance of 

intestinal microbiota by some factors such as pathogenic bacteria or excessive antibiotic 

intake can affect the stabilization of the resident microbiota leading to a break in 

intestinal immune homeostasis causing different diseases such as diarrhea. It is well 

known now that, consumption of live, non pathogenic bacteria such as LAB alone or with 

their fermented by-products can improve health and repair some of these disturbances.  
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1.3) Lactic Acid Bacteria 

Lactic acid bacteria (LAB) are Gram positive and known for their role in the food 

industry of fermented products, such as cheeses, yogurt and pickles. In addition, some of 

these LAB reside in the intestine of humans and other mammals as well as birds as a part 

of the commensal bacteria (Brisbin et al. 2008; Perdigón et al. 2001; Walter. 2008; Marco 

et al. 2006). Most members of LAB play essential roles in the food industry, health 

improvement, and production of various essential by-products such as macromolecules, 

enzymes and metabolites (de Moreno de Leblanc et al. 2011). Moreover, LAB have 

positive influences on the immune system components, locally (in the intestinal , 

respiratory or urogenetial tracts) and systemically (Guglielmetti et al. 2010; Marco et al. 

2006, Brisbin et al. 2011, Delecerence et al. 2008; Perdigón, et al. 2001). As a result of 

their beneficial effects on health, various LAB species and strains, including 

Lactococcus, Lactobacillus and Bifidobacterium, have been used as probiotic bacteria 

(Naidu et al. 1999; Gill & Prasad. 2008). Many strains of these bacteria are used to 

ferment milk in order to produce dairy products, such as yogurt and cheese  

Lactic Acid Bacteria may work in two ways: probiotic effect which refers to the 

direct effects of live bacteria or biogenic effects which refers to the indirect effect of food 

metabolites produced by microbial activity of LAB (Takano. 2002; Vinderola et al. 

2007). 
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1.3.1) Probiotic Effects of LAB on the Immune System 

Probiotics are defined as live microorganisms that can improve health when given 

in enough amounts (FAO/WHO Working Group. 2002). The fermentation or souring of 

milk by microorganisms has been known for many centuries in the Middle East and 

Europe, however the health benefits of fermented milk products began to be known at the 

beginning of the 19th century (Cummings et al. 2004; Hayes et al. 2007). Probiotic 

bacteria have been used to treat disturbed intestinal microflora and diarrheal diseases 

since these bacteria maintain and restore the gut microbiota (Gill and Prasad. 2008). 

Probiotic consumption has been shown to have multiple health benefits including helping 

the digestion of food substances by secreting proteolytic enzymes and enhancing 

intestinal motility, stimulation of the immune system, protection against intestinal and 

respiratory tract infections, reduction of autoimmune disorders (such as inflammatory 

bowel diseases) and allergies as well as antitumor effects (Gill & Prasad. 2008; Naidu et 

al. 1999; Singh et al. 2011; Schiffrin et al. 1995; Kato et al. 1983). Recently, it has been 

suggested that the numerous beneficial effects of probiotics may be caused by the 

influence of live bacteria, their components, and/or metabolites produced by these 

bacteria on the host responses (Corthésy et al. 2007; Ng et al. 2009).  

LAB may exert their health promoting effects via various processes including, 

colonization and adhesion near the epithelial wall, competing with pathogenic bacteria 

for nutrients (Rolfe. 2000; Borchers et al. 2002; Medellin-pen & Griffiths. 2009). These 

effects may also be mediated via secreting active molecules, that prevent the adhesion of 

pathogenic bacteria to intestinal epithelial cells (Medellin-Peña & Griffiths. 2009) as well 

as secretion of various molecules such as antimicrobial molecules that inhibit the growth 
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of pathogenic bacteria (Vandenbergh. 1993; Ng et al. 2009; Forssten et al. 2011). 

Furthermore, probiotics can modulate immune response, via the induction of key immune 

system molecules and cells, in mammals as well as in other species, such as chickens and 

fish (Forchielli & Walker 2007; Naidu et al. 1999; Borchers et al. 2002; Singh et al. 

2011; Delcenserie et al. 2008; Brisbin et al. 2010; Brisbin et al. 2011; Guglielmetti et al. 

2010; Ng et al. 2009; Miettinen et al. 1996). The possible use of LAB for therapeutic and 

preventative measures against various immune related disease have been extensively 

investigated and reviewed (Borchers et al. 2002; Delcenserie et al. 2008). In the 

following, some of the probiotic effects are examined and explained.  

1.3.1.1) Anti-Tumor Effects of Probiotic LAB 

The role of consumed probiotics alone or within their fermented milk products in 

preventing or decreasing the growth of various types of cancers or tumors has been 

studied (Kumar et al. 2010).The intake of LAB alone or within their fermented dairy 

products has been demonstrated to have anti-tumor properties (Kumar et al. 2010; Matar 

et al. 1997). These effects are connected to the ability of some LAB to reduce growth of 

tumors and inhibit mutagenesis (Matar et al. 1997) via the reduction of oncogenic 

enzymes involved in the production of mutagens, carcinogens or tumor-enhancing agents 

(Kumar et al. 2010). For example, chemically induced colon cancer was reduced in 

animal models after consuming fermented milk products and Lactobacilli, (Perdigón et 

al. 2002; Perdigón et al. 1988; Hirayama & Rafter. 1999; Kumar et al. 2010). Other 

studies have investigated the role of LAB in reducing or inhibiting the formation of 

mammary tumors (de Moreno de LeBlanc et al. 2005; Rachid et al. 2006). Consumption 

of milk fermented by Lactobacillus helveticus 389 has been found to reduce the growth 
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rate of mammary tumors in mice. This was associated with an increase in apoptosis and a 

decrease in production of pro-inflammatory cytokines, particularly IL-6 (Rachid et al. 

2006).  

1.3.1.2) Effects of Probiotic LAB on Innate Immune Responses 

Previous studies have investigated the stimulatory effects of LAB on different 

components of the innate immune system (Perdigón et al. 2001) such as, macrophages 

(Kato et al. 1983; Perdigón et al. 1988), natural killer (NK) cells (Rizzello et al. 2011; 

Olivares et al. 2007; Borchers et al. 2002), and DCs (Marco et al. 2006; Christensen et al. 

2002; Hart et al. 2004; Smits et al. 2005; Delcenserie et al. 2008; Evrard et al. 2011; Ng 

et al. 2009; Mileti et al. 2009). For example, a probiotic bacterium, Lactobacillus 

fermentum CECT5761, enhanced cytotoxic function of NK cells (Olivares et al. 2007). 

When this bacterium was consumed orally by individuals vaccinated with an influenza 

vaccine, it enhanced systemic immune responses to the vaccine (Olivares et al. 2007). 

Various studies have also established that different LAB induce host innate responses via 

increasing the phagocytic function of cells of the innate immune system (Schiffrin et al. 

1995; Perdigón et al. 1988; Perdigón et al. 1998; Gill & Prasad. 2008). 

1.3.1.3) Probiotic Effects of LAB on the Intestinal Immune System 

IEC and LP DCs are the first line of contact with different intestinal lumen 

antigens. IEC play an essential role in early recognition of and interaction with probiotics 

in the host. The crosstalk between probiotic bacteria (LAB), IEC and/or cells of the 

intestinal immune system such as DCs is important and it may be to some extent similar 

to the interaction between commensal microorganisms in the intestinal lumen and the 

immune system, as discussed previously.  



 

21 
 

IECs help to transport probiotic microorganisms from the intestinal lumen to the 

underlying cells of the immune system since they can sample different luminal antigens 

through M cells as mentioned earlier. Moreover, both IEC and DCs may be able to 

recognize probiotic bacteria via their PRRs such as TLRs and NLRs resulting in 

triggering the stimulation of components of the immune system in the intestinal LP and 

the secretion of secretory IgA in a T cell-independent manner (Forsythe & Bienenstock. 

2010; Galdeano et al. 2007). Adding to that, a number of probiotic bacteria can enhance 

the intestinal mucosal barrier (Madsen. 2012; Sherman et al. 2009) and prevent the injury 

of the intestinal wall (induced by some virulent bacteria) via various mechanisms 

including improving IEC tight-junctions, stimulating the secretion of mucins by IEC and 

decreasing apoptosis of epithelial cells (Madsen. 2012; Sherman et al. 2009).  

Probiotics may also activate IEC to produce various cytokines and chemokines as a 

direct response toward the luminal microbes (Pagnini et al. 2010; Vinderola et al. 2005). 

For example, in vitro studies on probiotics have shown species or strain specific 

expression of pro- and anti-inflammatory cytokines by IEC. For example, Lactobacillus 

sakei induces the expression of IL-1β, IL-8 and TNF-α as a part of a pro-inflammatory 

response, while Lactobacillus johnsonii stimulates the production of TGF-β in Caco-2 

cells as a down-regulatory response (Delcenserie et al. 2008; Haller et al. 2000). Further, 

some LAB have shown down-regulatory effects on the production of IL-8 by epithelial 

cells (Zhang et al. 2005; Ma et al. 2004). On the other hand, production of IL-6, as a pro-

inflammatory cytokine, was increased by murine primary IEC after being co cultured 

with L. helveticus R389 and L. casei CRL 431. This response was dependent on the 

viability and concentration of the LAB (Vinderola et al. 2005). A recent study in mice 
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has revealed that oral administration of Lactobacillus casei CRL431 before and after 

infection by Salmonella enterica serovar Typhymurium affects cytokine secretion and 

TLR expression by immune system cells isolated from Payer's patches (Castillo et al., 

2011).  

Taken together, the consumption of probiotics can generally improve gut health via 

enhancing the barrier function of IEC and preventing pathogenic microorganisms from 

invading the intestinal mucosa and reducing the incidence of severe inflammatory 

responses 

1.3.1.4) Probiotic Effects of LAB on DCs 

DCs play a vital role in stimulating and regulating the immune system through their 

ability to recognize a vast array of pathogenic and non pathogenic microorganisms. 

Moreover, DCs are characterized by their flexibility and ability to produce different 

immune responses, depending on various effects such as, the origin or the subtype of 

DCs, the stimulating agent and the microenvironment. As mentioned earlier, immature 

DCs are proficient phagocytic and poor antigen presenting cells. Activation and 

maturation of DCs starts after their interaction with antigens through various ways. 

Mature DCs express high levels of co-stimulatory molecules and MHC class II and 

produce various cytokines involved in antigen presentation and T cell activation, 

proliferation and differentiation. Recently, DC maturation, activation and expression of 

various cytokines, chemokines and co-stimulatory molecules have been shown to be 

differentially stimulated by probiotics in a strain-specific and dose-specific manner in 

both humans and mice (Marco et al. 2006; Christensen et al. 2002; Hart et al. 2004; 

Evrard et al. 2011; Mileti et al. 2009). Consequently, LAB-conditioned DCs are 
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anticipated to act differently on T cell activation since probiotic bacteria are able to 

modulate the cytokine production by DCs resulting in modulation of CD4+ T cell 

differentiation and steering towardsTh1,Th2, Th3 and or Treg immune responses (Marco 

et al. 2006; Delcenserie et al. 2008; Braat et al. 2004).  

A pioneering study by Christensen and colleagues (2002) has examined the species 

specifity of LAB in induction of different immune responses via treating murine bone 

marrow-derived DCs (BMDCs) with irradiated Lactobacillus species (Lactobacillus. 

reuteri, Lactobacillus plantarum Lb20, Lactobacillus casei subsp. alactus, Lactobacillus 

plantarum 299v and Lactobacillus johnsonii La-1). All of the above LAB species were 

able to induce DC maturation, albeit to varying degrees. L. casei subsp. alactus induced 

production of substantial quantities of pro-inflammatory cytokines (IL-12, IL-6, TNF-α) 

by DCs, while L. reuteri DSM12246 weakly stimulated IL-12 production by DCs. On the 

other hand, L. reuteri prevented the production of IL-12, IL-6 and TNF-α as well as the 

expression of CD86 on DCs induced by L. casei subsp. alactus, which is a strong IL-12 

inducer (Christensen et al. 2002). Consequently, differences in the inherent ability of 

LAB to activate DCs leads to the induction of Th1, Th2 or even Treg responses.  

Various studies have demonstrated that L. rhamnosus (a non-pathogenic LAB that 

is used widely in probiotic products) is able to modulate DC function (Braat et al. 2004; 

Evrard et al. 2011; Delcenserie et al. 2008). Braat et al (2004) have proposed that L. 

rhamnosus is able to influence DC function. When adding monocyte-derived DCs 

(conditioned with L. rhamnosus) to CD4+ T cells, in vitro, both proliferation of T cells 

and the secretion of IL-2, IL-4 and IL-10 were reduced. Moreover, the oral intake of L. 

rhamnosus by healthy individuals and Crohn’s patients has been shown to result in 
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reduction of CD4+ Th1 and Th2 responses (Braat et al. 2004; Delcenserie et al. 2008). 

On the other hand, a recent in vitro study by Evrard and colleages (2011), has revealed 

the ability of Lactobacillus rhamnosus Lcr 35 to activate human monocyte-derived 

immature DCs. After treating these DCs with different doses of L. rhamnosus Lcr 35, 

treated cells were able to produce various cytokines mainly, TNF-α and IL12 in a dose 

dependent manner. In addition, L. rhamnosus Lcr 35 induced the maturation of DCs via 

up-regulation of the expression of maturation markers, such as MHC class II and CD86 

(Evrard et al. 2011).  

In mice, a study has investigated the effects of the probiotic preparation VSL#3 (a 

probiotic preparation that has been used in the treatment of inflammatory gastrointestinal 

diseases such as pouchitis, colitis, and irritable bowel syndrome) on immature DCs 

(Drakes et al. 2004). Incubation of VSL#3 with immature murine BM-DCs activated the 

maturation of DCs characterized by an increase in the expression of CD86, CD80, CD40 

and MHC class II molecules. It also induced significant levels of IL-10 and low levels of 

IL-12 (Drakes et al. 2004). On the other hand, these VSL#3 conditioned DCs were not 

able to enhance the stimulation of allogeneic T cells (Drakes et al. 2004). In humans, DCs 

isolated from blood and intestinal LP and then treated in vitro with cell wall components 

of probiotic bacterial combination VSL #3, could produce high levels of IL-10 (Hart et al. 

2004). This was also confirmed by Ng and co-workers in a human clinical trial (Ng et al. 

2009). When DCs were isolated from the colon of patients with acute ulcerative colitis 

(UC) and treated with VSL#3, these cells showed increased levels of IL-10 and decreased 

levels of IL-12p40 compared to patients who were treated with the placebo (Ng et al. 

2009). 
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DCs ability to differentiate between pathogenic and nonpathogenic bacteria has 

been reported (Veckman et al. 2004). A study has demonstrated that human monocyte-

derived immature DCs responses differently to two Gram-positive bacteria. 

Nonpathogenic L. rhamnosus weakly stimulated DCs inducing less significant increase in 

the expression of CD83 and CD86 and weak production of cytokines (such as TNF-α) 

and chemokines (such as CCL20).  

The above studies provide evidence that various probiotics are able to modulate DC 

maturation and cytokine production, hence, they can influence activation and 

differentiation of cells of the adaptive immune system.  

1.3.1.5) Probiotic Effects of LAB on Adaptive Immune Responses 

Several factors such as, cytokine secretion and phenotype that affect the degree of 

stimulation of DCs which in turn influence T cell differentiation into Th1,Th2, Th3 or 

Treg cells. Various studies have shown that probiotic bacteria are able to modulate 

cytokine production by cells of the immune system, mostly DCs, resulting in modulation 

of helper T cell differentiation and subsequently changing the Th1/Th2 balance (Di 

Giacinto et al. 2005; Delcenserie et al. 2008; Brisbin et al., 2010; Gill and Prasad. 2008). 

For example, it has been reported that some species and strains of LAB stimulate 

production of cytokines, such as IL-12 which enhances the polarization of immune 

response toward Th1 (Christensen et al. 2002; Brisbin et al. 2010; Hessle et al. 2000; 

Mohamadzadeh et al. 2005). On the other hand, some strains or species of LAB induce 

the production of other cytokines such as IL-10 and TGF-β which enhance regulatory T 

cells (Brisbin et al. 2010; O’Mahony et al. 2006). Systemic effects of various probiotic 

bacteria on antibody- and cell-mediated adaptive immune responses have been studied in 
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humans as well as other mammals and also in chickens (Olivares et al. 2007; Haghighi et 

al. 2006; Brisbin et al. 2010; Brisbin et al. 2011). For example, studies conducted in our 

lab on chickens, showed that the oral intake of probiotics significantly stimulates the 

production of systemic antibodies (Haghighi et al. 2005; Brisbin et al. 2011) and boosts 

the production of natural antibodies in both the serum and the intestinal contents of the 

chicken (Haghighi et al. 2006).  

1.3.1.6) Lactic Acid Bacteria Investigated in this Research 

In this project, we investigated the effects of Lactobacillus helveticus (LH-2), 

Lactobacillus acidophilus strains La-5, La-115, La-116, La-14, and Lactobacillus 

salivarius on DCs. In previous studies on mice, other strains of Lactobacillus helveticus 

(used in various dairy fermented products, such as cheese and yogurt), were able to 

induce cytokine production by various cells, such as IEC (Vinderola et al. 2005) and BM-

DCs (Guglielmetti et al. 2010). The probiotic effects of the LH-2 strain have not been 

studied yet, although some of their biogenic activities have been studied (Tellez et al. 

2010). The La-5 strain is a well known commercial probiotic, although very few 

immunological studies have been conducted using this particular strain. The La-5 strain 

showed significant influences on BM-DCs, stimulating them to secrete pro-inflammatory 

cytokines such as TNF-α and IL-2 (Guglielmetti et al. 2010). In addition, molecules 

secreted by the La-5 strain blocked or reduced the virulence and interfered with the 

colonization of Escherichia coli O157:H7 (Medellin-Peña and Griffiths. 2009). L. 

salivarious is a commensal bacteria with immunomodulatory effects on chicken immune 

system cells (Brisbin et al. 2010). La-14 is a commercial probiotic isolated from human 

commensal bacteria, but there is very little information available about the 
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immunomodulatory effects of this Lactobacillus strain. The other Lactobacillus strains 

La-115 and La-116 are LAB, but their probiotic effects are still unknown. 

1.3.2) Biogenic Activity of LAB: Bioactive Peptides 

Bioactive peptides are specific protein fragments that produce a positive impact on 

the body and may have health benefits (Sudo et al. 1997). There has been an increasing 

interest in using bioactive peptides for health care applications because of their perceived 

health benefits. Most bioactive peptides come from food proteins derived from animals, 

such as milk, egg, gelatin, fish, in addition to plant proteins, such as wheat gluten and 

soy. The biological activity of these proteins is related to specific peptide sequences 

which are released by enzymatic hydrolysis (Korhonen et al. 1998). In case of milk-

derived bioactive peptides, these peptides are inactive within the sequence of the main 

protein molecule but become active when released by digestion of milk by 

gastrointestinal enzymes, fermentation of milk with proteolytic starter cultures or 

hydrolysis of milk by proteolytic enzymes (Korhonen & Pihlanto. 2006; Tellez et al. 

2010). Bioactive peptides have beneficial effects on different body processes such as 

behavioral, gastrointestinal, hormonal, immunological, neurological, and nutritional 

responses (Hayes et al. 2007; LeBlanc et al. 2002) 

1.3.2.1) Physiological Effects of Bioactive Peptides 

Many bioactive peptides such as opioid-like peptides, antihypertensive peptides, 

and antithrombotic peptides have positive effects on the physiological functions of the 

body (Fiat et al. 1993). Opioid-like peptides are exogenous ligands that bind to opioid 

receptors expressed in the nervous and endocrine systems as well as the gastrointestinal 

tract and are produced by the enzymatic digestion of milk (Schlimme & Meisel. 1995; 
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Korhonen & Pihlanto. 2006). Various types of peptides have been shown to create 

agonist and antagonist effects. β-casomorphins which peptides released from digestion of 

β-casein, act as opioid agonists, inducing morphine-Dlike symptoms, such as tolerance, 

sedation, sleep induction, respiratory depression, bradycardia and hypotension (Fiat et al. 

1993) while casoxin peptides released from digestion of κ-casein act as opioid 

antagonists (Chiba et al. 1989) and have naloxone-like actions (naloxone is a drug used to 

counter the effects of opioid overdose). Antihypertensive peptides or angiotensin I-

converting enzyme inhibitors (ACE inhibitors) are also obtained by enzymatic digestion 

of milk (Mullally et al. 1997). These peptides play an important role in blood pressure 

regulation as they inhibit ACE and induce the action of bradykinin (Clare & Swaisgood. 

2000; Saito. 2008) 

1.3.2.2) Immunological Effects of Milk-Derived Bioactive Peptides 

In vitro and in vivo experiments have shown that milk-derived peptides can induce 

various effects on the immune system. Several experiments on fermented milk products, 

such as yogurt, have shown antimutagenic and antitumor effects (Matar et al. 1997; 

Rachid et al. 2006; LeBlanc et al. 2002; Perdigón et al. 2002). Feeding mice with yogurt 

containing LAB was found to increase the production of cytokines, such as TNF-α and 

IFN-γ, in the gut LP and intestinal lumen. Moreover, the rate of cellular apoptosis was 

increased, providing a promising antitumor effect. Another study has shown that peptidic 

fractions released during milk fermentation with Lactobacillus helveticus R389 can 

stimulate the immune system and inhibit the growth of fibrosarcoma in a mouse model 

(Matar et al. 2001). Moreover, the intake of non-bacterial supernatant of milk fermented 
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by B. infantis, B. bifidum, B. animalis, L. acidophilus and L. paracasei reduces the 

growth of a human breast cancer cell line (Biffi et al. 1997; Hirayama and Rafter. 1999). 

Similar studies have been carried out to investigate the immunomodulatory effects 

of bioactive peptides. Ng and Griffiths (2002) found that the cell-free supernatants of 

milk fermented with different types of probiotic bacteria activate macrophages through 

increasing their production of IL-6. Vinderola et al. (2006) fed Kefir, another product of 

milk fermentation, to mice. This treatment increased the number of IgA+ cells in the 

small and large intestine lamina propria inducing a protective immune response 

(Vinderola et al. 2006). The same group (Vinderola et al. 2007a) also investigated the 

immunomodulatory effect of a non-bacterial fraction released from milk fermented with 

Lactobacillus helvitecus R389 at pH 6. In vitro and in vivo experiments with this fraction 

showed an increased number of cells producing cytokines IL-6, IL-2, and IL-10 as well 

as IgA in the intestinal mucosa.  

The antimicrobial effect of bioactive peptides has been investigated in vitro and in 

vivo. The results of experiments on casein-derived immunopeptides, including fragments 

of α-casein and β-casein, (Migliore-Samour et al. 1989) found that in vitro administration 

of these peptides stimulated phagocytic activity of murine peritoneal macrophages and 

that intravenous administration of the peptides induced a protective response against 

Klebsiella pneumoniae infection in mice. Isracidinis, another casein-derived peptide, 

(Lahov and Regelson. 1996) induced immunity when administered to mice prior to 

infection with lethal doses of Staphylococcus aureus. The same peptide also prevented 

mastitis infections in sheep and cows and increased phagocytosis in mice challenged with 

Candida albicans. Another milk derived peptide,  Casocidin, showed antibacterial 
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properties through inhibiting the growth of E. coli and Staphylococcus carnosus (Nagpal 

et al. 2011). In vivo studies (Leblanc et al. 2004; Vinderola et al. 2007b) have also shown 

that feeding mice with cell-free supernatant or fractions from milk fermented by LAB 

induced protection and a notable increase in the production of IgA and cytokines against 

infection by Salmonella and E. coli.  

1.3.2.2.1) Fraction of Milk Fermented by Lactobacillus helveticus LH-2 

The cell-free supernatant of milk fermented with Lactobacillus helveticus LH-2 

displays immunomodulatory effects in vitro. Further investigation using size exclusion 

chromatography and fractionation of the supernatant revealed that one of the fractions 

had the most immunomodulatory effects. Macrophages treated in vitro with both the cell 

free supernatant from milk fermented by L. helveticus LH-2 and its peptidic milk fraction 

have shown an increase in phagocytic activity, secretion of proinflammatory cytokines, 

such as IL-6 and TNF-α, and production of nitric oxide (Tellez et al. 2010). Moreover, an 

in vivo study, which was conducted with mice, indicated that the administration of the 

milk fraction before infecting mice with Salmonella Entriditis increased immunity against 

Salmonella infection, possibly by enhancing production of cytokines, such as TNF-α 

(Tellez 2009. unpublished work). Subsequent analysis of the milk fraction by mass 

spectrometry identified five putative bioactive peptides within this fraction (see table 1). 

Among these peptides, four were derived from β-casein and one peptide was derived 

from α-lactalbumin (Tellez et al. 2010). Previous studies have examined the C-terminal 

part of β -casein (encompassing a peptide from 192 aa to 209 aa) (Sandre et al. 2001; 

Coste et al. 1992). This peptide induced proliferation of cells isolated from rat lymph 
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nodes and was also able to stimulate phagocytosis in mouse macrophages, although it 

was a weak inducer of cytokine production by these macrophages (Sandre et al. 2001).  

There is little information available on the influence of peptides present in the milk 

fraction on the immune system. Therefore, the present study investigated the effects of 

these peptides on cells of the immune system especially DCs. Out of these five peptides, 

we investigated the immunomodulatory activity of three that were chemically synthesized 

and purified. 

Table 1: Functional peptides identified in the milk fraction (Tellez et al. 2010) 

Peptide Protein Sequence Assignment

HQPHQPLPPTVMFPPQ β –Casein 145–160 

HQPHQPLPPT β –Casein 145–154 

WMHQPHQPLPPT β –Casein 143–154 

LYQEPVLGPVR β –Casein 192–202 

LDQWLCEK α-Lactalbumin 115–122 

 

The three selected peptides are: 

1) WQ-18: NH2-WMHQPHQPLPPTVMFPPQ-OH ( Peptide 1) 

2)  LR-11: NH2-LYQEPVLGPVR –OH  ( Peptide 2) 

3) LK-8: NH2-LDQWLCEK –OH   ( Peptide 3) 
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Statement of Rationale 

Lactic acid bacteria (LAB) have beneficial effects on health and the immune 

system, ranging from regulation to stimulation of immune responses. DCs play a pivotal 

role in induction and regulation of immune responses. The interaction between DCs and 

LAB is essential in preserving the immune homoeostasis. In addition, the modulation of 

the immune responses by LAB has been reported to be a species- or strain-dependent.  

Furthermore, studying the indirect effects of LAB via their metabolites 

(by/products) such as milk-derived bioactive peptides on the immune system opens new 

avenues to the use of these peptides as natural supplements in human food for immune 

response enhancement and improvement of health.  Therefore, we wanted to determine 

how LAB and their metabolites (such as bioactive peptides from fermented milk) may 

control activation and differentiation of DCs.  
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Statement of Hypotheses 

The hypotheses in this study were:  

1- LAB fermented metabolites such as the milk fraction and peptides, which are derived 

from milk fermented by LAB (LH-2) exert immunomodulatory influences on DCs. 

2- Different strains and species of LAB vary in their ability to modulate immune 

responses. Specifically, DCs are differentially influenced by various species and strains 

of LAB.  
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Objectives 

1) Objective-1 

To determine the immunomodulatory effects of a fraction derived from milk 

fermented by LAB (LH-2) and bioactive peptides identified within this fraction via 

investigating their effects on immature DCs (Murine DC2.4 cell line) in vitro. To detect 

DC activation, the following assays were utilized: 

1- ELISA to detect and quantify TNF-α and IL-6.  

2) Objective-2 

To study the variable effects of several LAB species and strains, including 

Lactobacillus helveticus (LH-2), Lactobacillus acidophilus strains La-5, La-115, La-116, 

La-14, and Lactobacillus salivarius, on DC2.4 in vitro. To detect the maturation and 

activation of DCs, the following assays were utilized: 

1- ELISA to detect and quantify TNF-α, IL-6 and IL-10. 

2- Flow cytometry to measure surface expression of CD80 and CD40 by DCs. 

3- Real-time RT-PCR to evaluate alterations in expression of TLR 2, 4 and 9 by DCs.  
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CHAPTER 2 

MATERIALS AND METHODS 

2.1) DC2.4 Cell Line 

DC2.4 is an immature DCs cell line (Shen et al. 1997) (provided by Dr. S. M. 

Mansour Haeryfar, University of Western Ontario, London, ON). Cells were grown using 

Roswell Park Memorial Institute medium (RPMI)1640 (Invitrogen) containing L-

glutamate and supplemented with 100U penicillin/100 µg/ml streptomycin, sodium 

pyruvate, 2-Mercaptoethanol and 10 % fetal bovine serum (FBS). Cells were grown at 

37°C and 5% CO2 

 

2.2) The Fermented Milk Fraction 

The fermented milk fraction was obtained (prepared by Dr. Angela Tellez, CRIF, 

Guelph, ON) from supernatant of bovine milk fermented by Lactobacillus helveticus 

(LH-2) (Tellez et al. 2010). The supernatant from milk fermented by LH-2 was collected 

and freeze dried for further use. Then the freeze dried supernatant was reconstituted and 

filtered. Then using Size Exclusion Chromatography (SEC), nine fractions were obtained 

and the milk fraction was one of them. the fermented milk fraction was collected and 

freeze dried then stored at -80°C for subsequent studies and amino acid sequencing. For 

experimental use the fraction was reconstituted using milli Q water and stored at -20°C. 
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2.3) Synthetic Milk Peptides 

Three peptides (LR-11, WQ-8 and LK-18) were sequenced from the fermented 

milk fraction derived from milk fermented by LH-2. Peptides were chemically 

synthesized (Mimotopes, Australia) for experimental use. Peptides were obtained in a 

lyophilized form and stored at -20°C. The peptides then were dissolved in sterile Milli Q 

water at concentration of 5 mg/ml, aliquoted and stored at -80°C. 

The sequences of the three selected peptides are: 

1) WQ-18: NH2-WMHQPHQPLPPTVMFPPQ-OH ( Peptide 1) 

2)  LR-11: NH2-LYQEPVLGPVR –OH  ( Peptide 2) 

3) LK-8: NH2-LDQWLCEK –OH   ( Peptide 3) 

 

2.4) LPS Detection in the Fermented Milk Fraction  

LPS was detected in the fermented milk fraction using the Limulus amebocyte 

lysate (LAL) test (Manufactured by: Associates of Cape Cod Incorporated, Falmouth, 

MA, USA). LPS detection was done by Romina Zanabria, Food science and technology, 

University of Guelph. The LAL is an aqueous extract of blood cells from the horseshoe 

crab Limulus polyphemus. When endotoxin (LPS) is present, factors in LAL are 

activated in a proteolytic cascade that results in the cleavage of a colorless artificial 

peptide substrate present in Pyrochrome LAL. Proteolytic cleavage of the substrate 

releases a yellow and absorbs at 405 nm. The test is carried out by adding a volume of 

Pyrochrome, included in the kit, to a volume of a sample and incubating the reaction 
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mixture at 37°C. The manufacturer's protocol was followed. The sensitivity of the test 

can be as low as 0.005 Endotoxin Units (EU) / mL. One EU is equal to 100 pg of LPS. A 

standard curve from LPS of known concentration was prepared at dilutions ranging 

between 1.25 EU/ml to 0 (blank). The total LPS contamination concentration was 

calculated in the fraction as 240 ng/ 1.9 mg of protein of the fermented milk fraction / ml. 

 

2.5) LPS Removal from the Fermented Milk Fraction  

The Cellufine™ ET clean kit consists of poly(ε-lysine) Cellufine™ (cellulose 

spherical beads). These beads attach to and remove endotoxin from sample solutions. 

Beads were prepared following the manufacturer’s protocol, by adding Cellufine beads 

suspension (0.2 mol/L) in sodium hydroxide (NaOH) at a ratio of 1:5. Samples were then 

placed on a shaker overnight at 4°C. The next day, the beads were centrifuged for 1 

minute at 200 xg and the supernatant was discarded. Beads were washed once by adding 

5 ml of LPS free water and were shaken for 1 hour, then they were centrifuged and the 

supernatant was removed. In a 1.5 ml microcentrifuge tube, 200 mg of Cellufine™ 

prepared beads was added the diluted fermented milk fraction (diluted 1:2 using LPS free 

water) and left on a shaker for 2 hours at 4°C. Subsequently the fermented milk fraction 

(decontaminated) was filtered using 0.8µm filter to remove the beads. The 

decontaminated fermented milk fraction then was aliquated and stored at -20°C for 

further use. 

 

2.6) Measuring the Protein Content of the Milk Fraction  
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Protein concentration of the milk fraction was measured before and after endotoxin 

removal. Protein concentration of the milk fraction was measured in treated and untreated 

samples using the Pierce BCA Protein Assay Kit (Rockford, IL, USA), which is based on 

bicinchoninic acid (BCA) for colorimetric detection and quantification of total protein. 

BCA reagent A contains sodium carbonate, sodium bicarbonate, bicinchoninic acid and 

sodium tartrate in 0.1M sodium hydroxide, whereas BCA reagent B contains 4% cupric 

sulfate. Bovine Serum Albumin (BSA) was used as a standard reference protein. Reagent 

A was added to reagent B according to the manufacturer’s recommendations (at a ratio of 

50: 1 Reagent A: Reagent B) to obtain the working reagent (WR). The BSA protein serial 

dilutions (at 20-2000 µg/ml protein content range) in duplicates were prepared using LPS 

free water. The milk fraction protein dilutions (Neat, 1: 5 and 1: 10) were prepared in 

duplicates, using LPS free water. In a 96 well plate, 25 µL of BSA dilutions, and the milk 

fraction dilutions were added per well in addition to two wells with LPS free water only 

(Blank). Then, 200 µL of WR were added to each well then mixed well on a plate shaker 

for 30 seconds. Next, the plate was covered and incubated at 37°C for 30 minutes. After 

that, the plate was cooled to room temperature. The optical density (OD) value was 

measured at 562 nm using an ELISA plate reader. The average OD 562 nm absorbance 

measurement of the blank standard duplicates was subtracted from the 562 nm 

measurement of all other standard protein dilutions and the fermented milk protein 

sample duplicates. A standard curve was calculated using the average of each blank-

corrected 562 nm measurement of BSA versus its protein concentration in µg/ml. Finally, 

protein concentration of the milk fraction samples was extrapolated from the standard 

curve. 
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2.7) Lactic Acid Bacteria (LAB) 

Six strains of LAB were used in the experiments including, Lactbaillus helviltucus 

LH-2, Lactobacillus acidophilus strains (La-115, La-5, La14 and La116) (provided by Dr 

M. Griffiths Lab, CRIFS, University of Guelph), Lactobacillus salivarius (provided by 

Dr Jennifer Brisbin, Department of Pathobiology, University of Guelph).  

2.7.1) Preparing Lactic Acid Bacteria (LAB) 

Bacteria were grown in Lactobacilli de Man, Rogosa and Sharpe (MRS) broth 

medium (Becton Dickinson, Mississauga, ON) in aerobic conditions without shaking at 

37°C.  

2.7.1.1) Measuring the Bacterial Growth Curve 

LAB strains were incubated in previously prepared MRS agar plates in anaerobic 

conditions, at 37°C for 48 hours. Subsequently, they were inoculated into MRS broth 

medium then incubated at 37°C for 48 hours. Bacteria were then re-inoculated into new 

MRS broth medium and incubated at 37°C overnight. For measuring the bacterial 

growth curve, 100 μl from each cultured bacteria were inoculated into 10 ml of MRS 

broth medium (plus a 5-10 ml tube of sterile MRS medium as a negative control) and 

incubated overnight at 37°C at aerobic conditions without shaking. For each bacteria, 10 

tubes with 5ml of broth medium each were prepared. Next, 100 μl of each bacterial 

strain were inoculated (plus one tube of 5-10 ml of sterile MRS broth medium) then 

incubated at 37°C degrees for 2-2.5 hours. At the end of the incubation period, the OD 

value (600 nm) of overnight cultures of each bacterial strain was measured using a 
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spectrophotometer. These readings were taken for each strain every 2 hours (each time 

from one tube). A growth curve was created using the relation between time and OD 

readings. When the OD600 value started to be constant and the bacteria started the 

stationary phase, the bacteria were counted. For counting the bacteria, serial dilutions 

were prepared of the bacterial broth medium, 10-1, 10-2, 10-3, 10-4, 10-5, using PBS as 

diluent. From each of dilutions 10-6, 10-7, 10-8 and 10-9, 100 μl were spread into MRS 

agar plates. Subsequently, the plates were incubated at 37°C under anaerobic conditions 

for 48 hours. Afterward, bacterial colonies were counted. The averages of colonies 

count between 30 and 300 colony forming units (CFU) were taken and calculated for 

the total bacterial number.  

2.7.1.2) Freezing LAB 

First, 100 μl of each LAB strain was inoculated into 5 ml of MRS broth medium 

and incubated overnight at 37°C. After 24 hours, 100 μl of each of the cultured bacteria 

were inoculated into previously prepared 5ml MRS tubes and incubated again at 37°C for 

8-10 hours (the beginning of the stationary phase). Afterward, 1 ml of the bacterial broth 

culture was taken for OD determination using a spectrophotometer. Then, the number of 

each of the bacteria was calculated. Subsequently, the bacteria were centrifuged at 

4000xg for 10 minutes and the supernatant was discarded. The bacteria were washed 

twice with PBS, mixed and centrifuged as described previously. Finally, PBS was 

removed and the pelleted bacteria were diluted in RPMI medium (Antibiotic free) to 

obtain a concentration of 1x108 CFU/ml. Bacteria were mixed well then aliquoted in 1ml 

volumes in 1.5 ml microcentrifuge tubes and stored at -20°C. 

2.8) Cytokine ELISA 
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To quantify different cytokines in supernatants of cells treated with peptides or 

lactobacilli, a sandwich enzyme linked immunosorbent assay (ELISA) was used. The 

following cytokines were measured in this study: TNF-α, IL-6, and IL-10. For all 

cytokines, capture ELISA assays were employed (Ready-Set-Go! Mouse ELISA assays 

eBioscience, San Diego, CA, USA)( see table 2 for the sensitivities and range of 

standards for these ELISAs), specific coating antibody was diluted using the kit coating 

buffer (eBioscience ELISA coating buffer is a dried powder of phosphate buffered 

saline(PBS)). Each packet is reconstituted in 1 Liter of distilled, deionized water, then 

filtered using a 0.22 um filter). Each of the cytokine capture antibodies was diluted as 

recommended by the manufacturer. For antibodies against TNF-α and IL-6, they were 

diluted 1/250, whereas the anti-IL-10 antibody was diluted 1/1000. For each cytokine, 

plates were coated with 100 µl/well of the diluted capture antibody solution (anti-mouse 

cytokine specific capture Ab), sealed and incubated overnight at 4°C. The next day, the 

plates were washed using the washing solution (PBS + 0.05% Tween 20 at pH 7.4) then 

the plate was blocked using 1X diluted blocking buffer from the ELISA kit at 200 µl/well 

for 1 hour. Next, the plates were washed as recommended by manufacturer protocol and 

samples (culture supernatants) were added at suitable dilutions. Depending on the 

cytokine, the standard curve (specific recombinant mouse cytokine) was diluted using the 

1X blocking buffer as diluent and gently mixed. For TNF-α, 10 µl of the provided 

standard solution were added to 10 ml of the diluent to prepare the top standard solution 

of 1000 pg/ml. For IL-6, 5 µl of the provided standard solution were added to 10 ml of 

the diluent to prepare the top standard solution of 500 pg/ml and for IL-10, 20 µl of the 

provided standard solution was added to 5 ml of the diluent to prepare the top standard 
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solution of 4000 pg/ml. Subsequently, 2-fold serial dilutions were set in a 96 well plate. 

The plates were then sealed and incubated for two hours at room temperature or over 

night at 4°C. After incubation, the plates were washed. Cytokine specific biotin-conjugate 

anti-mouse detection antibodies were diluted as recommended by the protocol. Each of 

the cytokines detection antibody was diluted as recommended by the manufacturer, For 

antibodies against TNF-α and IL-6, they were 1/250, whereas the anti-IL-10 antibody 

was diluted 1/1000. Next, diluted cytokine specific detection antibodies were added to the 

plates at 100 µl/well. The plates were sealed and incubated for one hour at room 

temperature. After washing the plates, avidin-HRP enzyme (diluted with the assay diluent 

as recommended for all the cytokines at 1/250 of the provided concentration using 1X 

blocking buffer as diluent) was added at 100µl/well. The plates were sealed and 

incubated for 30 minutes in the dark. After the incubation, the plates were washed and 

100 µl/well of the substrate (1X TMB solution) were added directly without dilution. The 

plates were incubated for 15 minutes in the dark. At the end, 50 µl of the stop solution 

were added to each well to stop the reaction. An ELISA plate reader was used to read OD 

values of samples at 450 nm. 
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Table 2: Sensitivity and standard curve range of the cytokine ELISAs 

Cytokine Sensitivity Standard Curve Range 

Mouse TNF-α 8 pg/ml 8-1000 pg/ml 

Mouse IL-6 4 pg/ml 4-500 pg/ml 

Mouse IL-10 30 pg/ml 30-4000 pg/ml 
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2.9) Analysis of DC Maturation by Flow Cytometry  

Cells were seeded overnight at a density of 1x105 cells/well/500µL, in 48 well 

plate, in antibiotic free RPMI medium. LAB were added to DCs at the ratio of10:1 

(Bacteria: DC) and incubated at 37°C and 5% CO2. After 3 hours, medium was changed 

by adding complete RPMI medium (with antibiotic). After a total of 24 hours, DCs were 

trypsinized using 900 µl of 1X Trypsin EDTA for 2-3 minutes then 100 µl/well of heat 

inactivated FBS was added. After mixing well by pipetting the cells were transferred to 

1.5 ml microcentrifuge tubes. Cells were centrifuged at 400 xg, 4°C for 10 minutes. Cells 

were then washed with 900 µl PBS per tube, centrifuged at 400 xg, 4°C for 10 minutes. 

Supernatant was removed by suction and cells were resuspended in 50 µl of FACs buffer. 

Resuspended cells were then transferred to 96 well round bottom plates. Purified anti-

mouse CD16/32 antibody for Fc receptor blocking (eBioscience) was added to prevent 

non-specific staining at the recommended dose of 300 ng/ 50 µl of FACs buffer/well. 

Cells were then incubated in the dark for 15-20 minutes on ice. Following incubation, 

cells were washed by adding 100µl of FACs buffer to each well and centrifuging at 400 

g, 4°C for 10 minutes. The plates were inverted carefully to remove the excess buffer. 

The following antibodies were used: flourescein isothiocyanate (FITC) anti-mouse CD80 

(B7-1) antibody (at the recommended concentration of 200 ng/50 µl of FACs buffer), 

phycoerythrin (PE) anti-mouse CD40 antibody (at the recommended concentration of 

0.25 µg/50 µl of FACs buffer), (FITC) Armenian Hamster IgG isotype control for CD80 

(at the recommended concentration of 200 ng/50 µl of FACs buffer) and (PE) Rat IgG2a 

used as an isotype control for CD40 (at the concentration of 0.25 µg/50 µl of FACs 

buffer). Antibodies were added to cells in a volume of 100 µL of FACs buffer /well. The 
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cells were incubated in the dark for 20 minutes on ice. Next, cells were washed twice, as 

mentioned before, by adding FACs buffer to each well, then centrifuged at 400 g, 4°C for 

10 minutes. After removing the excess buffer, 100 µL of FACs buffer were added to each 

well and mixed, then cells were transferred to FACs tubes and analyzed using a Flow 

cytometer (FACScan, Becton Dickinson (BD)). Data were analyzed using Flow Jo 

software (Tree Star, Ashland, OR). 

 

2.10) RNA Extraction 

A protocol using the TRIzol reagent (Invitrogen) was used for RNA extraction from DCs. 

At the required time points the cell culture medium was aspirated then the cells were 

resuspended in 1 ml of TRIzol reagent per well. After mixing well, to ensure that all the 

cells were resuspended in TRIzol, the cell suspension was transferred into 1.5 ml 

microfuge tubes and stored in TRIzol at -80°C. On day one, DCs were left in TRIzol in 

1.5 microfuge tubes (1 ml each) for 5 minutes. Two hundred µl of chloroform was added 

to each sample and mixed by gently inverting tubes (about 20 times). Samples were left 

at room temperature for 15 minutes then centrifuged at 12000 xg at 4°C for 15 minutes. 

The top clear layer was aspirated carefully using a 200 µl pipetter , without disturbing the 

other layers, into a new tube and 200 µl of chloroform were added to each tube and 

mixed gently as before and incubated at room temperature for 3 minutes. The mix was 

centrifuged the same as before. The top clear layer of RNA was aspirated carefully and 

transferred into a new tube (containing 1 µl of 20 µg/µl glycogen as a carrier for RNA). 

Then 500 µl of ice cold isopropanol were added to each of the RNA tubes, mixed gently 

and stored overnight at -20°C. On day 2, RNA samples were centrifuged at 4°C and 
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12000 g for 30 minutes to collect RNA pellets. Supernatants were aspirated carefully. 

The formed pellets were washed twice by adding 900 µl of cold 75% ethanol and 

centrifuged at 12000 g for 10 minutes at 4°C. All ethanol residues were then aspirated 

completely by using different size pipettes from 1000 µl to 10 µl tips (Corning Inc, 

Corning NY). RNA pellets were resuspended in 12.5 µl of Diethylpyrocarbonate (DEPC) 

water and put in a 55°C heating block for 10 minutes with tubes open to evaporate all 

ethanol residues. Afterward, extracted RNA samples were DNAse-treated by adding 1.0 

l DNase and 1.5 l DNA-free buffer (DNA-free, Ambion, Austin TX) to each tube and 

incubating the mixture at 37°C for 30 minutes. After incubation, 5.0 l of inactivation 

reagent were added to each sample and incubated at room temperature for 2 minutes. To 

separate the inactivation reagent from the DNAse treated RNA, samples were centrifuged 

at 1000 xg for 1 minute at 4°C, then the RNA top layer was removed to a new 0.5 ml 

microcentrifuge tube. Finally, RNA concentration was measured using the Nanodrop. 

Samples were stored at –80°C until use.  

 

2.11)Formaldehyde Gel Electrophoresis for RNA Quality Detection 

2.11.1) Preparing 10X Formaldehyde Running Buffer 

First, 1 liter of a 10x concentration of Formaldehyde (MOP) running buffer was 

prepared by adding 41.9 gm of MOP (3-N-Morpholino) plus 6.8 g of Sodium Acetate 

(3H2O) to 20 ml of 0.5 M EDTA (pH 8.0), then the volume was brought to 1 liter by 

adding autoclaved distilled water and pH was adjusted to 7.0. After autoclaving the 10x 

MOP solution, a 1x dilution was prepared. The agarose gel was prepared by adding 1% 
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agarose to 1 x MOP solution followed by boiling the mix until completely dissolved. 

After cooling, 37% formaldehyde plus red safe dye were added to the MOP- agarose gel 

mix.  

2.11.2) Preparing the Agarose- MOP Gel 

One gram of agarose plus 10 ml of 10X formaldehyde running buffer were added to 

90 ml of distilled water and mixed gently. The mixture was then boiled gently in 

microwave oven until the agarose completely dissolved and the melted agarose was left 

to cool slightly. Next, 1.8 ml of formaldehyde (37% w/v) and 5 µL of Red Safe dye 

(which allows the visualization of RNA with UV light) were mixed well into the melted 

agarose. The agarose mixture was then poured into the casting tray and left to solidify for 

about 20-30 minutes. The gel tray then was placed in the running apparatus and 

submerged in about 800 ml of 1X of the 10X stock of formaldehyde running buffer 

2.11.3) Preparing RNA Loading Buffer 

5X RNA loading buffer was prepared by adding together, 300 µl of saturated 

bromophenol blue solution (in distilled water), 80 µl of.5 M EDTA( pH 8.0), 720 µl of 

formaldehyde (37% w/v), 2.0 ml of glycerol (100%), 3.1 ml of formamide and 4.0 ml of 

10 X formaldehyde running buffer then making the solution up to 10 ml using DEPC 

water.  

2.11.4) Adding RNA to the Agarose Gel 

Extracted, DNAse treated, RNA was prepared for adding to agarose gel. One 

volume of 5X RNA loading buffer was added to 4 volumes of RNA. One µg of RNA 

from each sample was used. Next, 1 µl of the previously prepared RNA loading buffer 

was added. After mixing all the content, the RNA mixture was incubated at 65°C for 10 
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minutes then the tubes were placed on ice. Finally, the whole RNA sample mixtures were 

loaded into the prepared MOP- agarose gel tray and electrophoresis was done at about 

60-80 volts (V) for 2-3 hours, until the dye reached 2/3 of the way through the gel. The 

results were viewed on a UV transilluminator. 

 

2.12) Complementary DNA Synthesis 

Complementary DNA (cDNA) was prepared from 500 ng of DNase-treated RNA 

by reverse transcription using SuperScript II reverse transcriptase and Oligo (dT) primers 

(Invitrogen). For each reaction (sample) a mixture of 10 mM dNTP, and Oligo (dT) (0.5 

g/l), 1l each, was added into a 0.2 ml microtube. Then a total of 10 l of RNA and 

DEPC water were added to the mixture. Using a thermocycler, the mixture was incubated 

at 65°C for 5 minutes then incubated at 4°C for at least 1 minute. A total mixture of 8 l 

(including, 4 l of 5 X First strand buffer, 2 l of 0.1MDTT, 0.25 l of Superscript II 

(200 u/l), 0.75 l of DEPC-dH2O and 1 l of RNAse Out (40 u/l) were added to each 

reaction. After mixing gently, the tubes were incubated at 42°C for 50 minutes then the 

reaction was inactivated by heating the tubes to 70°C for 15 minutes. The synthesized 

cDNA was cooled and the tubes were stored at -20°C until use. 

 

2.13) Real- Time PCR 

For real-time quantitative PCR, the prepared cDNA samples were diluted 1:10. For 

each PCR reaction, the total volume was set at 20 μl. First, a mix of 15 μl of the PCR 
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reagents without the cDNA was prepared by adding 3 μl of DEPC-dH2O to 1 μl of each 

0.25 mM forward and reverse primers (Sigma- Aldrich Canada, Oakville, ON) (see table 

3) and 10 μl of 2× SYBR green mix (Lightcycler 480 SYBR green I master mix; Roche 

Diagnostics GmbH, Mannheim, Germany). Then 5µl of the diluted cDNA were added to 

each reaction.  

Using the Light cycler 480 thermo cycler (Roche Diagnostics GmbH, Mannheim, 

Germany), the samples were amplified using 384-well plates. For each real-time PCR 

assay a positive control was used in addition to a negative control (no template control 

consisting of 5 µl of DEPC-dH2O in place of cDNA).  

The cycling was set to begin with an initial preparation heat-denaturing period at 

95°C for 10 minutes. Then amplification cycles (50-55 cycles) were set at 3 stages: 

denaturation at 95°C for 10 seconds (s), then the annealing phase at 60°C (used for all the 

amplified genes) for 5 s, and the last phase was product extension and signal acquisition 

(single mode) set at 72°C for 10 s. After amplification, the melting curves cycle was set in 

three parts, 95°C for 5 s, 60°C for 30 s, and 97°C for 0 s selecting the continuous 

acquisition mode for the last part. The cooling temperature was set at 40°C for 10 s. The 

RelQuant software (Roche Diagnostics) was used to analyze the results. The β-Actin 

gene was amplified and used as a reference gene.  
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Table 3: Sequences and annealing temperatures for real-time PCR primers 

Genes Forward Primer: 5’-3’ Reverse Primer: 5’-3’ 
Annealing  
Temperature

TLR-2 GGACTCCTAGGCTCCGGGCA TCCGCACCTCCTTGAACGACA 60 °C 

TLR-4 GCCTCCCTGGCTCCTGGCTA GGGACTTTGCTGAGTTTCTGATCC 60 °C 

TLR-9 CTCTTGGCTGTGGCCGTGGG GGAGTTTGGGCGCTGCGT 60 °C 

β-actin CCACACCCGCCACCAGTTCG ACAGCCCGGGGAGCATCGTC 60°C 
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2.14) Experimental Design 

2.14.1) Effects of the Fermented Milk Fraction on DCs 

2.14.1.1) Pilot Experiment to Evaluate the Effects of the Fermented Milk Fraction 

A pilot experiment was conducted using different dilutions of the fermented milk 

fraction to test its ability to activate DC2.4 cells. DCs were seeded at a density of 

5x104cells/200µl of complete RPMI medium/well, then incubated overnight at 37°C and 

5% CO2. On the next day, the fermented milk fraction, at protein concentration of 1.9 

mg/ml, was added in three dilutions (1:10, 1:100, and 1:1000) in triplicate. LPS was used 

at a concentration of 0.5 µg/ml in triplicates as a positive control in this experiment. PBS 

was used as a negative control. DCs were then incubated for 24 hours at 37°C and 5% 

CO2. After 24 hours, the supernatant was collected and stored at -80°C for measuring 

cytokines by ELISA 

2.14.1.2) The Difference in Effects of Fermented Milk Fraction Before and After LPS 
Removal 

DC2.4 cells were seeded at 1x105 cells in 500 µl of complete RPMI medium/well 

overnight in 48-well plates at 37°C and 5% CO2. On the next day, DCs were treated with 

the fermented milk fraction (both LPS contaminated and LPS free) at the same protein 

concentration (0.9 mg/ml) using two dilutions (1:10, 1:20) with 4 replicates each for 24 

hours. LPS was used as a positive control and LPS free water was used as a negative 

control. After 24 hours of incubation at 37°C and 5% CO2, the supernatants were 

collected and stored at -80°C for ELISA.  
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2.14.2) In vitro Effects of Three Synthetic Fermented Milk Peptides on DCs 

2.14.2.1) Optimization Experiment: 

DC2.4 were seeded at 5x104 cells 200 µl of complete RPMI medium/well overnight 

in 96-well plates. On the next day, seeded DCs were treated with synthetic milk peptides 

(WQ-18, LK-8 and LR-11) at different concentrations with 2 fold dilutions (50, 100, 200, 

400 µg/ml) using RPMI medium, where LPS was used as a positive control. Sterile 

distilled water (the diluent of the peptides and the fraction) was used as negative control 

in duplicate. Three time points were used in this experiment (24, 48 and 72 hours post 

peptides treatments) and supernatants were collected after each time point and stored at -

80°C for ELISA.  

2.14.2.2) Effects of Three Synthetic Milk Peptides on DCs at Low and High Doses  

DC2.4 cells were seeded at 1x105 cells in 500 µl of complete RPMI medium/well 

overnight in 48-well plates at 37°C and 5% CO2. On the next day, seeded DCs were 

treated with synthetic milk peptides (WQ-18, LK-8 and LR-11) at two different 

concentrations (10, 500 µg/ml), separately and mixed. Treated DCs were incubated at 

37°C and 5% CO2 for 24 hours. LPS was used as a positive control and distilled milli Q 

water as a negative control. Supernatants were collected after 24 hours and stored at -

80°C for ELISA.  

 

2.14.2.3) The Effects of a Synthetic Milk Peptide (LR-11) on DCs at 4 Different Doses 

DC2.4 cells were seeded in 48 well cell culture plates at density of 1x105cells/well 

in 500 μl /well of complete RPMI medium. DCs then were incubated at 37°C, 5% CO2 

overnight. On the next day, seeded DCs were treated with synthetic milk peptide (LR-11) 
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at 4 different concentrations (50, 100, 200, 400 µg/ml), using RPMI medium. LPS was 

used at concentration of 10 ng/ml as a positive control. Supernatants were collected after 

24 hours and stored at -80°C for ELISA.  

2.14.2.4) The Effects of Combined Synthetic Milk Peptides and LPS on DCs 

This experiment was designed to study the modulatory influence of the peptides on 

DCs in the presence of LPS. DCs were treated with both the three synthetic milk peptides 

and LPS together. DC2.4 cells were seeded at 1x105 cells in 500 µl of complete RPMI 

medium/well overnight in 48-well plates at 37°C, 5% CO2. On the next day, seeded DCs 

were treated with synthetic milk peptides (WQ-18, LK-8 and LR-11) at 2 different 

concentrations (10, 500 µg/ml), separately and mixed with 10 ng/ml of LPS per each 

well. LPS was used at concentration of 10 ng/ml as a positive control.  

2.14.3) In Vitro Effects of LAB on Immature DCs2.4 

2.14.3.1) Effects of LAB on DCs  

DCs were trypsinized, counted and seeded in a 48well cell culture plate at a density 

of 1x105 cells/well in 500 μl /well of antibiotic free RPMI medium. DCs were then 

incubated at 37°C, 5% CO2 overnight. Subsequently, DCs were co-cultured with each of 

the live frozen lactobacilli species or strains at the ratio of 10:1 (bacteria: DCs) for 3 

hours in antibiotic free RPMI medium. After 3 hours, antibiotic free RPMI medium was 

discarded and complete RPMI medium was added and cells were incubated up to 24 

hours. LPS was used as a positive control and RPMI medium was used as negative 

control. The supernatant was collected and stored at -80°C for ELISA.  
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2.14.3.2) Effects of LAB Followed by LPS on DCs  

DCs were seeded as mentioned before in a 48 well cell culture plate at a density of 

1x105 cells/well and 500 μl /well of antibiotic free RPMI medium. DCs then were 

incubated at 37°C, 5% CO2 overnight. Subsequently, DCs were co-cultured with each of 

the live Lactobacilli species or strains at the ratio of 10:1 (bacteria: DCs). LPS was used 

as a positive control at concentration of 100 ng/ml and RPMI medium was used as a 

negative control. Antibiotic free RPMI medium was added for 3 hours then the medium 

was changed to complete RPMI and LPS was added to each well of the bacterial 

treatments at concentration of 100 ng/ml. Supernatants were collected and stored at -80°C 

for ELISA. 

2.14.3.3) Expression of Maturation Markers by DCs in the Presence of LAB 

This experiment was similar to what has been described above (under 2.14.3.1). 

After 24 hours, supernatants were collected and stored at -80°C. Also, cells were 

collected to examine the expression of DC maturation markers CD80 and CD40 using 

flow cytometry protocol as mentioned above. 

2.14.3.4) In Vitro Detection of TLRs Expression by DCs Co-cultured with LAB  

DCs were co-cultured with LAB at 10:1 (bacteria: DC) for 3 time points (3, 6 and 

18 hours). Medium was changed after 3 hours from antibiotic free RPMI medium to 

complete medium with antibiotic for both the 6 and 24 hour time points. After each time 

point, the medium was removed and TRIzol was added at 1ml/well. DCs were collected 

in TRIzol then stored at -80°C until RNA extraction. cDNA synthesis and real-time 

quantitative RT-PCR were done as described previously. 
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2.15) Statistical Analysis:  

Statistical analysis was performed. Means and SED were calculated for each 

experimental condition. Paired Student’s t-test (Excel 2007, Microsoft, Redmond, WA, 

USA) was carried out to test for significance in Figures 2 and 7 (A, B, C). ANOVA test 

(PRISM 5.1 (Graphpad, San Diego, CA) was used to determine statistical significance 

between groups in the other experiments followed by Tukey's or Dunnett's Multiple 

Comparison post tests. P ≤ 0.05 was considered significant, whereas 0.05 ≤ P ≤ 0.1 was 

considered approaching significance. Standard error bars are illustrated in all figures, and 

data with no standard error bars indicate standard deviations (SDs) that were too small to 

be seen.  
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CHAPTER 3 

RESULTS 

3.1) Immunomodulatory Effects of the Fermented Milk Fraction on 

DCs 

 
3.1.1) Evaluation of the Fermented Milk Fraction Effects on DCs at Different 
Dilutions  

To evaluate the immunomodulatory effects of the fermented milk fraction of the 

supernatant from milk fermented with L. helveticus, mouse DC2.4 cells were treated with 

the fermented milk fraction at various dilutions (1:10, 1:100,1:1000) of protein 

concentration of 1.9 mg/ml for 24 hours. Furthermore, LPS was used at a concentration 

of 0.5 µg/ml as a positive control and PBS was used as a negative control. Supernatants 

from stimulated DC2.4 cell line were collected for measuring the concentration of TNF-

α. The results revealed that the fermented milk fraction induced significant (P < 0.0001) 

amounts of proinflammatory cytokine TNF-α (Figure 1) at a 1:10 dilution compared to 

PBS as a negative control. The fermented milk fraction induced lower cytokine amounts 

at dilution 1:100 compared to the 1:10 dilution and did not induce significant TNF-α 

cytokine production at 1:1000 (P > 0.05) 

 
3.1.2) Evaluation of the Fermented Milk Fraction Effects on DCs After Endotoxin 
Elimination  

LPS contamination in the fraction was detected and measured. LPS present in the 

fermented milk fraction was 126.3 ng/ mg of protein content. To validate the effects of 
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the fermented milk fraction on DCs, the fraction was treated with an endotoxin 

elimination kit to remove possible LPS contamination. Subsequently, DCs were treated 

with the fermented milk fraction before and after the endotoxin removal at the 1:10 

dilution of protein with concentration of 900 µg/ml for both contaminated and 

decontaminated treatments of the fraction. When DC2.4 cells were treated with the 

fermented milk fraction prior to LPS decontamination, they produced more TNF-α and 

IL-6 compared to DC2.4 cells treated with the LPS decontaminated milk fraction with 

highly significant difference between the contaminated and decontaminated (P < 0.0001) 

(Figure 2). Moreover, the decontaminated milk fraction induced both TNF-α at 

significant level compared to the negative control (P < 0.01) and IL-6 compared to the 

negative control, which approached statistical significance (P = 0.0511).  

 
3.2) The Effects of Synthetic Peptides on DCs 

3.2.1) Evaluation of the Effects of Various Concentrations of Synthetic Milk 
Peptides on DCs  

In order to study the effects of synthetic milk peptides, which constitute the 

fermented milk fraction, on activation immature DCs, DC2.4 cells were treated with 

synthetic milk peptides (WQ-18, LK-8 and LR-11) at 4 different concentrations with 2 

fold dilutions (50, 100, 200, 400 µg/ml) for different time points (24, 48 and 72 hours). 

LPS was used as a positive control and sterile distilled water was used as a negative 

control. Supernatants from each time point were collected and used for measuring the 

concentrations of TNF-α and IL-6. At 48 and 72 hours, there was no significant 

production of TNF- α and IL-6 (data not shown)by ELISA. After 24 hours LK-8 and LR-

11 at a concentration of 400 µg/ml induced significant amounts of TNF-α (Figure 3) 
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compared to the negative control and peptide WQ-18. The other concentrations of both 

LK-8 and LR-11 did not induce significant amounts of TNF-α (P > 0.05). On the other 

hand, none of the peptides induced IL-6 production by DCs (the results were below the 

detection range of the IL-6 ELISA for all the peptides but not for LPS which induced 

highly significant amounts of IL-6) (data not shown). 

 
3.2.2) Evaluating the Effects of High and Low Concentrations of Synthetic Milk 
Peptides on DCs 

To further investigate the ability of additional concentrations of the three synthetic 

peptides or their combination to induce DCs stimulation marked by cytokine production, 

DCs were treated with two concentrations, one was low (10 µg/ml) and the other was 

high (500 µg/ml). In addition, mixed peptides at the same two concentrations (10 µg/ml 

and 500 µg/ml for each peptide) were included. LPS was used at 10 ng/ml as a positive 

control and distilled milli Q water as a negative control. At 24 hours post treatment, the 

results showed that there was no significant production of TNF-α in all the concentrations 

of the 3 peptides alone or mixed except for LR-11 peptide (Figure 4). LR-11 peptide, at 

concentration of 500 µg/ml, induced significant (P <0.05) but low amounts of TNF-α 

compared to the negative control.  

 
3.2.3) Evaluation of Effects of Synthetic Milk Peptide LR-11 Peptide at Various 
Concentrations on DCs 

To assess the ability of LR-11 peptide to activate DCs, characterized by production 

of cytokines such as TNF-α, this peptide was added to immature DCs at four 

concentrations with two fold dilutions (50, 100, 200 and 400 µg/ml) for 24 hours. TNF-α 

production was only induced by LR-11 significantly at concentration of 400 µg/ml (P < 
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0.001), compared to the negative control (Figure 5). The other peptide concentrations did 

not induce significant quantities of TNF-α. 

 
3.2.4) Effects of Fermented Milk Peptides Combined with LPS on DCs  

In order to investigate the immunomodulatory effects of fermented milk-derived 

peptides, immature DC2.4 cells were stimulated with LPS (at a concentration 10 ng/ml) 

and treated fermented milk peptides, WQ-18, LK-8 and LR-11 (at concentrations of 10 or 

500 µg/ml) separately or mixed. LPS alone was used, at a concentration 10 ng/ml, as a 

positive control and distilled water as a negative control. TNF-α and IL-6 were measured 

in the collected supernatants after 24hours. After measuring the concentrations of TNF- α 

(Figure 6) and IL-6 (data not shown) for peptides plus LPS, there was no significant 

changes in the amount of secreted cytokines among the different treatments compared to 

the LPS treatment alone (p > 0.05).  

 
3.3) Effects of Various LAB on DCs  

3.3.1) LAB Variably Induce TNF-α, IL-6, and IL-10 Production by DCs 

In order to evaluate the effects of different LAB on cytokine production by DC, 

these cells were treated with different LAB (LH-2, La-5, La-115, La-116, La-14, and L. 

salivarius) for 24 hours at two ratios of 1:1 and 10:1 bacteria: DC. The results (data not 

shown) for both TNF-α and IL-6 showed that the ratio of 10:1 (bacteria: DC) induced 

more significant production of both cytokines. Thus, this ratio was used in all the 

experiments.  

To evaluate the influence of various LAB on immature DCs activation and cytokine 

production by DCs, live bacteria (1 x 106 CFU) were added to 1 x 105 DCs cells to obtain 
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a 10:1 ratio. LPS was included at a concentration of 1 µg/ml as a positive control in all 

experiments and RPMI medium used as negative control. At 24 hours post treatment, the 

concentration of TNF-α, IL-6 and IL-10 in culture supernatants was measured. In the case 

of TNF-α, there was a significant difference among the various groups (P < 0.0001). All 

LAB treatments induced the production of TNF-α when compared to the negative control 

(Figure 7A). La-5, La-14 and La-116 stimulated DCs to moderately produce significant 

quantities of TNF-α cytokine. On the other hand, LH-2 and La-115 induced significant 

production of TNF-α by DCs but lower than the previous LAB. Compared to others, L. 

salivarius was the most potent LAB to stimulate DCs to produce significant quantities of 

TNF-α, which exceeded the amounts induced by LPS. 

For IL-6 cytokine production (Figure 7B), L. salivarius stimulated DCs to produce 

highly significant concentrations of this cytokine approximately as high as the positive 

control stimulation. In addition, La-5, La-116 and La-14 moderately induced significant, 

amounts of IL-6 (P ≤ 0.05). while, LH-2 La-115 were not able to induce the production 

of any significant amounts of IL-6 cytokine (P > 0.05). 

The concentration of IL-10 (Figure 7C) was measured at 24 hours post-treatment 

with various LAB. La-115 and La-5 failed to induce IL-10 production, while LAB LH-2, 

La116 and L. salivarius induced IL-10 production at low but statistically significant 

amounts (P < 0.05). On the other hand, La-14 was the most potent LAB to induce 

statistically significant quantities of IL-10 (P < 0.001) compared to the other treatments 

 
3.3.2) LAB Differentially Up-Regulate the Expression of Maturation Surface 
Markers CD80 and CD40 in DCs 

In order to evaluate the ability for LAB species and strains to induce up-regulation 

of the surface markers CD80 and CD40, live LAB were added to immature DC2.4 at the 
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ratio of 10:1 (Bacteria: DCs) and incubated for 24 hours. Treated DCs were collected to 

examine the expression of maturation markers CD80 and CD40 by flow cytometry 

(Figures 8 and 9 respectively). For CD80 expression, LPS (positive control) was the most 

potent to up-regulate the expression of this molecule. Significant differences were 

observed among the six LAB in their stimulation of the expression of CD80 (Figure 8). L. 

salivarius and La-14 were the highest LAB that induced up-regulation of the CD80 

molecule expression. In addition, La-116 treated cells expressed more CD80 molecules 

than the unstimulated cells, but at lower levels compared to both L. salivarius and La-14. 

On the other hand, DCs stimulated with La-5 and La-115 showed lower up-regulation of 

CD80 expression compared to the other LAB, but still higher than unstimulated cells. 

However, LH-2 stimulation of CD80 expression was less than the medium treated 

(unstimulated) cells.  

For CD40 expression by treated DCs (Figure 9), LPS (the positive control) was the 

most potent to up-regulate the expression of this molecule. Among the six LAB L. 

salivarius was the most potent in upregulating the expression of CD40, followed by 

La14. Further, La-116 followed by LH-2 and La-5 showed less stimulation of CD40 

expression. On the other hand, La115 did not induce an appreciable amount of CD40 

compared to sham treated cells. 

3.3.3) Cytokine Production by DCs Treated with LAB Followed by LPS  

To investigate the ability of different LAB to synergize or antagonize the effects of 

LPS, DC2.4 were co-cultured with each of the live LAB species or strains at the ratio of 

10:1 (bacteria: DCs) for 3 hours followed by treatment with LPS at a concentration of 

100 ng/ml. LPS only was used as a positive control at the same concentration of 100 

ng/ml and RPMI medium was used as a negative control. TNF-α and IL-6 (Figures 10 A 
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and B) were measured in the supernatants collected after 24 hours. For TNF-α (Figure 

10-A) production, there was no significant difference between La115+LPS treated DCs 

compared to the LPS alone treatment. On the other hand, L. salivarius +LPS induced 

significantly higher amounts of TNF-α than LPS alone, followed by La-116+ LPS which 

also induced, significantly higher amounts of TNF-α. In addition, La-14 +LPS, LH-2+ 

LPS, and La-5+ LPS induced more TNF-α than LPS alone did, but there was no 

significant difference between them. 

For IL-6 production (Figure 10-B), there was no significant difference between 

La115+LPS and LH-2+LPS treated DCs, in the production of IL-6, compared to the LPS 

treatment alone (P > 0.05). On the other hand, L. salivarius +LPS induced significantly 

the highest amounts of IL-6 production, among the LAB, compared to LPS treatment 

alone, followed by La-116+ LPS which induced also, significantly high amounts of IL-6 

but less than L. salivarius +LPS. In addition, La-14 +LPS, and La-5+ LPS induced 

significantly higher amounts of TNF-α than LPS alone but less than LA116+LPS and L. 

salivarius +LPS. 

 
3.4) Effects of Various LAB on the Expression of TLRs by DCs  

In order to investigate influence of LAB on the activation of DCs, the expression of 

Toll-Like Receptors (TLRs) 2,4 and 9 by DCs was measured. DCs were co-cultured with 

LAB at a 10:1 (bacteria: DC) ratio for 3 time points (3, 6 and 18 hours). LPS (at a 

concentration of 1 µg/ml) was used as a positive control and RPMI medium as a negative 

control. 
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3.4.1) LAB Effects on TLR2 Expression by DC2.4 

At 3 hours post treatment, there was no significant expression of TLR2 (Figure 11) 

by DCs co-cultured with various LAB. Only LPS stimulated low but significant 

expression of TLR2 compared to cells treated with medium only. At 6 hours post-

treatment (Figure 11), only L. salivarius induced significant expression of TLR2 

compared to the medium within the same time, while the other strains and species of 

LAB and LPS did not induce significant expression of TLR2. At 18 hours post-treatment, 

L. salivarius induced significant expression of TLR2 followed by LH-2 and La-14. On 

the other hand, there was not a significant difference in TLR-2 expression between La-

116, La-115 and La-5 compared to medium treated cells at the same time point. In 

general, TLR-2 expression by DCs treated with different LAB, LPS and sham did not 

markedly change between the different time points. 

3.4.2) LAB Effects on TLR4 Expression by DC2.4 

TLR4 expression was measured at 3, 6 and 18 hours post treatment (Figure 12). 

There was no difference between the negative control, LPS and the various LAB 

treatments in regard to expression of TLR4 by DC2.4 cells at 3 hours post-treatment. The 

same results were noticed at 6 hours post-treatment except for L. salivarius, which 

induced a significant (P = 0.05) but low expression of TLR4 compared to the negative 

control cells. However, at 18 hours post treatment, LH-2 and La-14 induced significant 

expression of TLR4 compared to the negative control and LPS but not significantly 

different than the other bacterial treatments. On the other hand, there was a noticeable 

increase in TLR4 expression by DCs in all the bacterial treatments at the 18 hour time 

point compared to cells at 3 and 6 hours post-treatment. 
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3.4.3) LAB Effects on TLR9 Expression by DC2.4 

TLR9 expression was measured at 3, 6 and 18 hours post-treatment (Figure 13). At 

3 hours post treatment, there was no significant difference in the expression of TLR9 

between all treatment groups compared to the untreated (medium) control, except for 

LPS which induced significant expression of TLR9 (P <0.05). However, at 6 hours post-

treatment, different treatments did not induce significant TLR9 expression (P > 0.05) by 

DCs except for L. salivarius, which increased the expression of TLR9 at a significant 

level (P <0.05) compared to the negative control and the other LAB treatments. On the 

other hand, at 18 hours post-treatment, both L. salivarius and LPS induced a highly 

significant increase in the expression of TLR9 among the other treatments and the 

negative control. LH-2 also induced the expression of TLR9 which was significant 

compared to the negative control but it was not significantly different compared to the 

other LAB treatments (La-14 , La-116, La-115 and La-5). In addition, LAB treatments 

(La-14 , La-116, La-115 and La-5) did not induce a significant increase in the expression 

of TLR9 compared to the untreated control. On the other hand, there was a significant 

increase of TLR9 expression at the 18 hour time point for all the treatments compared to 

the cells at 3 hours post-treatment. 
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Figure 1. TNF-α production by DC2.4 cells stimulated with the fermented milk fraction. 
Mouse DC2.4 cells were treated with the fermented milk fraction (FMF) at three dilutions 
(1:10, 1:100,1:1000) of protein concentration 1.9 mg/ml for 24 hours. PBS was used as a 
negative control and LPS (0.5 µg/ml) as a positive control. Supernatants from activated 
DC2.4 cells were collected for measuring the concentrations of TNF-α. Error bars 
represent standard error of the mean. Results were statistically analyzed using one-way 
ANOVA (P < 0.0001) to detect difference between groups. followed by Dunnett's 
Multiple Comparison Test to compare each treatment with PBS (the negative control). 
*** indicates that cytokine production by cells treated with the fermented milk fraction 
(1:10) and LPS treated was statistically significant compared to cytokine production by 
cells treated with negative control (P < 0.001). 
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Figure 2. TNF-α and IL-6 production by mouse DC2.4 cells treated with the fermented 
milk fraction before LPS removal (Contaminated fermented milk fraction (cont FMF)) 
and after LPS removal (decontaminated fermented milk fraction (decont FMF)) at 1:10 
dilutions of protein concentration 900µg/ml for 24 hours. LPS free water was used as a 
negative control and LPS (100 ng/ml) as a positive control. Supernatants from activated 
DC2.4 cells were collected for measuring the concentrations of TNF-α and IL-6. Error 
bars represent standard error of the mean. *** indicates that the contaminated fermented 
milk fraction and LPS treated samples were statistically different from the 
decontaminated fermented milk fraction and negative control (P < 0.0001). * indicates 
that the decontaminated fermented milk fraction treated samples are statistically different 
from the negative control (P < 0.01). The data shown represent three individual 
experimental replicates. 
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Figure 3. TNF-α production by Mouse DC2.4 cells treated with three synthetic 
peptides. The peptides were WQ-18, LK-8 and LR-11, which constituted the 
fermented milk fraction. Cells were treated with the peptides four different peptide 
concentrations with 2 folds dilutions (50, 100, 200 and 400 µg/ml) for 24 hours. 
Supernatants from treated DC2.4 cell line were collected for measuring the 
concentrations of TNF-α and IL-6. Results were statistically analyzed using one-
way ANOVA followed by Dunnett's Multiple Comparison Test. * indicates P < 
0.05.  
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Figure 4. TNF-α production by mouse DC2.4 cells treated with 3 synthetic milk 
peptides. The peptides were WQ-18, LK-8 and LR-11, which constituted the 
fermented milk fraction. Cells were treated with the peptides at two different 
concentrations (10, 500 µg/ml), separate and mixed, for 24 hours. Water was used 
as a negative control. Supernatants from treated DC2.4 cell line were collected for 
measuring the concentrations of TNF-α. Results were statistically analyzed using 
one-way ANOVA (P < 0.05) followed by Dunnett's Multiple Comparison Test. 
*indicates P < 0.05. The data shown represent three individual experiments.  
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Figure 5. TNF-α production by Mouse DC2.4 cells treated with synthetic peptide 
(LR-11) at four different concentrations (50, 100, 200 and 400 µg/ml) for 24 hours. 
Supernatants from treated DC2.4 cell line were collected for measuring the 
concentrations of TNF-α. Results were statistically analyzed using one-way 
ANOVA (P < 0.01). The difference between each of the treatment groups and the 
negative control was analyzed using Dunnett's Multiple Comparison Test. 
**indicates P < 0.001. These results represent 3 repeated experiments. 
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Figure 6. TNF-α production by mouse DC2.4 cells treated with 3 synthetic milk 
peptides (WQ-18, LK-8 and LR-11) at two different concentrations (10 and 
500µg/ml) with addition of LPS (10 ng/ml) for 24 hours. LPS alone (10 ng/ml) was 
used as a positive control. Supernatants from treated DC2.4 cells were collected for 
measuring the concentration of TNF-α. Results were statistically analyzed using 
one-way ANOVA (P > 0.05). The data shown represent two individual 
experimental replicates. 
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Figure 7 (A, B, C). TNF-α, IL-6 and IL-10 production by DC2.4 cells treated with 
various lactobacilli. DC2.4 cells were co-cultured with medium (negative control), 
LPS (positive control), L. acidophilus strains (La-14, La115,La116,La5), L. 
helvitecus, or L. salivarius in a cell-to-bacterium ratio of 1:10 24 hours. 
Supernatants from treated DC2.4 cell line were collected for measuring the 
concentrations of TNF-α (A), IL-6 (B) and IL-10 (C). The difference between 
treatment groups was analyzed using student’s T-test. Different letters represent 
significant differences among treatments (P ≤ 0.05). Identical letters indicate that 
there was no statistical difference. The data shown represent three individual 
experimental replicates.  
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Figure 8. Lactobacilli differentially up-regulate CD80 expression on DCs. 
Histograms show flow cytometry results of CD80 expression on DC2.4 cells 
stimulated with different species and strains of LAB (LH-2, La-5, La-115, La-116, 
La-14, and L. salivarius) in a cell-to-bacterium ratio of 1:10 for 24 hours(solid 
continuous line) compared to unstimulated DCs treated with medium only (short 
segmented line). Cells treated with the isotype control are shown as a solid filled 
histogram. The %  values shown in the profiles represent the gated % of CD80 
positive stained cells. The data are representative of three independent experiments.
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Figure 9. Lactobacilli differentially up-regulate CD40 expression on DCs. Histograms 
show flow cytometry results of CD40 expression on DC2.4 cells stimulated with different 
species and strains of LAB (LH-2, La-5, La-115, La-116, La-14, and L. salivarius) in a 
cell-to-bacterium ratio of 1:10 for 24 hours (solid continuous line) compared to 
unstimulated DCs treated with medium only (short segmented line). Cells treated with the 
isotype control are shown as a solid filled histogram. The %  values shown in the profiles 
represent the gated % of CD40 positive stained cells. The data are representative of three 
independent experiments.  
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Figure 10 (A & B). TNF-a and IL-6 cytokine production by DC2.4 cells co-treated 
with lactobacilli and LPS. DC2.4 cells were co-cultured with medium (negative 
control), LPS (100 ng/ml) as a positive control, L. acidophilus strains (La-14, 
La115, La116, La5), L. helvitecus, or L. salivarius in a cell-to-bacterium ratio of 
1:10 for 3 hours. Subsequently, LPS (100 ng/ml) was added for up to 24 hours. 
Supernatants from treated DC2.4 cells were collected for measuring the 
concentrations of TNF-α (A) and IL-6 (B). Results were statistically analyzed using 
one way ANOVA (P < 0.0001). Followed by Dunnett's Multiple Comparison Test. 
* indicates P < 0.05, ** indicates P < 0.01, *** indicates P < 0.001 between 
LAB+LPS treated cells and LPS only treated cells. The data shown represent two 
individual experimental replicates. 
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Figure 11. Relative expression of TLR2 transcript in DC2.4 cells treated with various 
lactobacilli. DC2.4 cells were co-cultured with medium (negative control), LPS (positive 
control), L. acidophilus strains (La-14, La115, La116, La5), L. helvitecus, or L. salivarius 
in a cell-to-bacterial ratio of 1:10 for 3, 6 and 18 hours. Data are presented as the relative 
expression of TLR2 mRNA normalized to the expression of β-actin gene. Data were 
statistically analyzed using one-way ANOVA test. * indicates a significant difference (P 
< 0.05) between treated and negative control cells within the same time point. 
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Figure 12. Relative expression of TLR4 transcript in DC2.4 cells treated with various 
lactobacilli. DC2.4 cells were co-cultured with medium (negative control), LPS (positive 
control), L. acidophilus strains (La-14, La115, La116, La5), L. helvitecus, or L. salivarius 
in a cell-to-bacterial ratio of 1:10 for 3, 6 and 18 hours. Data are presented as the relative 
expression of TLR4 mRNA normalized to the expression of β-actin gene. Data were 
statistically analyzed using one-way ANOVA test. * indicates a significant difference (P 
< 0.05) between treated and negative control cells within the same time point. 
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Figure 13. Relative expression of TLR9 transcript in DC2.4 cells treated with various 
lactobacilli. DC2.4 cells were co-cultured with medium (negative control), LPS (positive 
control), L. acidophilus strains (La-14, La115, La116, La5), L. helvitecus, or L. salivarius 
in a cell-to-bacterial ratio of 1:10 for 3, 6 and 18 hours. Data are presented as the relative 
expression of TLR9 mRNA normalized to the expression of β-actin gene. Data were 
statistically analyzed using one-way ANOVA test. * indicates a significant difference (P 
< 0.05), *** indicates a significant difference (P < 0.0001) between treated and negative 
control cells within the same time point. 
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CHAPTER 4 

DISCUSSION 

Lactic acid bacteria are of particular interest due to their beneficial effects on the 

immune system. These effects vary among the different species and strains of LAB and 

range from regulation to stimulation of immune responses. It has been suggested that 

LAB affect health via two main mechanisms: directly, through their contact with 

components of the immune system, or indirectly, through the consumption of the 

products fermented by these bacteria. Various studies have been conducted to evaluate 

the effects of different products obtained from milk fermented by assorted LAB (Matar et 

al. 2001; Vinderola et al. 2006; Vinderola et al. 2007a.; Leblanc et al. 2004; Tellez et al. 

2010; Vinderola et al. 2007b; Ng & Griffiths. 2002) A peptidic fraction has been obtained 

from the supernatant of bovine milk fermented by L. helveticus (LH-2) (Tellez et al. 

2010). In the present study, we investigated the ability of the fermented milk fraction to 

activate and stimulate immature mouse DC2.4 cells through measuring the production of 

cytokines TNF-α and IL-6. The results showed that the fermented milk fraction was able 

to stimulate DCs to produce significant amounts of the proinflammatory cytokine TNF-α, 

at levels comparable to those induced by LPS. 

LPS is a known endotoxin produced by Gram negative bacteria and is known for its 

immunostimulatory effects and induction of high amounts of proinflammatory cytokines. 

There is a possibility that milk is contaminated with LPS during processing (as early as 

during milking process). Hence, LPS contamination was measured in the milk-derived 



 

79 
 

fraction and we found traces of LPS in this fraction. Thus, the LPS was removed and, 

subsequently, the effects of the fermented milk fraction were reevaluated to better assess 

the role of the peptides on DCs. We noted that after removal of LPS, the ability of the 

treated fermented milk fraction to induce production of TNF-α and IL-6 by DCs was 

dramatically reduced compared to the untreated fraction. This led us to the conclusion 

that some of the observed stimulatory effects of the fermented milk fraction are due to the 

presence of endotoxin contamination. These results are consistent with a previous study 

by Brix and co-workers (2003) who showed that some commercial products prepared 

from milk were contaminated with LPS and the LPS found in these products was the 

main inducer of TNF-α, IL-6 and IL-1β by host cells (Brix et al. 2003). It is important to 

note, however, that the decontaminated milk fraction induced a significant amount of 

TNF-α and low non significant amounts of IL-6 by DCs compared to the negative control 

suggesting that the fermented milk fraction may have immune stimulatory activities. It 

should also be noted that we used the presence of two cytokines in the culture of 

supernatants of treated DCs as an indication of their activation. However, there are other 

markers that could be employed for assessment of DC maturation and activation. It is, 

therefore, possible that other markers of DC activation were induced after treatment with 

the fermented milk fraction. Additional in vitro and in vivo experiments are required to 

support further the effects of the hydrolyzed milk fraction on regulation of the immune 

responses, especially in the gut.  

The fermented milk fraction was analyzed by mass spectrometry and five putative 

bioactive peptides were identified within this fraction (Tellez et al. 2010). Among these 

peptides, four are derived from β-casein and one peptide is derived from α-lactalbumin 
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(Tellez et al. 2010). Due to the similarities between the five peptides, only three peptides, 

WQ-18, LK-8 and LR-11, were isolated and we investigated the immunomodulatory 

activity of these three peptides. These peptides were chemically synthesized and purified 

to eliminate the possibility of LPS contamination. Previously, various peptides derived 

from milk proteolysis have been shown to possess immunomodulatory effects on the 

immune system (Sandre et al. 2001; Coste et al. 1992; Matar et al. 2001; Vinderola et al. 

2007a). 

Treating DCs with the above three peptides at different concentrations did not 

result in production of high amounts of cytokines by these cells. However, treatment of 

DCs with a high concentration (400 µg/ml) of LK-8 and LR-11 peptides and (500 µg/ml) 

of LR-11 induced the production of low but significant amounts of TNF-α. Moreover, 

lower concentrations of the two peptides as well as WQ-18 peptide, at all its 

concentrations, did not induce the production of TNF-α at all the concentrations. In 

addition, the combination of the three peptides at low and high concentrations (10 µg/ml 

and 500 µg/ml) did not induce any significant amounts of TNF-α. On the other hand, all 

the peptides failed to induce IL-6 production at all the concentrations tested. These results 

are, to some extent, consistent with previous studies that examined the C-terminal part of 

β-casein (encompassing a peptide from 192 aa to 209 aa) (Sandre et al. 2001; Coste et al. 

1992), which includes the sequence of the LR-11 peptide (192 aa–202 aa) used in this 

study. This peptide induced proliferation of cells isolated from rat lymph nodes at a 

concentration of 500 µg/ml and was also able to stimulate phagocytosis in mouse 

macrophages, although it was a weak inducer of cytokine production by these 

macrophages (Sandre et al. 2001).  
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Our findings led to the conclusion that the three fermented milk-derived peptides 

are not highly immunostimulatory. Therefore, we hypothesized that these peptides may 

be able to induce down-regulatory effects instead. Hence, we investigated the ability of 

these peptides to induce down-regulatory effects when DCs were stimulated with LPS. 

However, these peptides did not show any down-regulatory effects on DCs as they did 

not significantly inhibit or reduce the stimulatory effects of LPS on DCs.  

In conclusion, our findings showed that the immunostimulatory effects of the 

fermented milk fraction observed on murine immature DCs were, in large part, related to 

the endotoxin contamination in this fraction Further evaluation of the decontaminated 

fraction is necessary to detect whether it has effects on any other immune system cells.. 

However, a small but significant effect may be attributed to the fraction and more 

specifically to the LR-11 peptide. Low levels of cytokine induction were recovered by 

testing the synthesized, endotoxin free, peptides derived from this fraction. The ` LR-11 

peptide had some effects on DCs, as it was able to induce cytokine production by DCs, 

albeit at low levels. It has been reported that partially (or semi) activated DCs have the 

ability to induce tolerogenic or regulatory T cell responses (as reviewed by Steinman et 

al. 2003). Thus, more investigations are required to determine the influence of treatment 

with this peptide on adaptive immune responses and the possibility that the LR-11 

peptide can modulate immune responses towards a regulatory or tolerogenic response. In 

addition, the study of other possible effects of the peptides is recommended. Because the 

same fraction has been shown to reduce colonization of Salmonella in liver and spleen of 

infected mice (Tellez. 2009, unpublished work). 
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The probiotic effects of LAB are of special interest in research due to their 

beneficial effects on the health in general and the immune system in particular. Various 

LAB have been demonstrated to modulate the immune response, via the induction of key 

immune system molecules and cells. Recently, some of the investigations have 

concentrated on studying the effects of different LAB on DCs since these cells are able to 

induce diverse local and systemic immune responses varying between stimulation, 

regulation and tolerance depending on the different antigens they are exposed to. In 

addition, the initiation of adaptive immune responses is dependent on the polarization of 

DCs and the degree of their activation and maturation since DCs are known to have a 

wide range of functional plasticity. The interactions between DCs and ingested probiotic 

or commensal bacteria have been reported to be essential in regulating immune responses 

in the intestinal mucosa. Additionally, DC maturation, activation and expression of 

various cytokines, chemokines and co-stimulatory molecules have been shown to be 

differentially modulated by probiotics in a strain-specific and dose-dependent manner, 

both in humans and mice (Mileti et al. 2009; Smits et al. 2005; Hart et al. 2004; Evrard et 

al. 2011; Christensen et al. 2002; Marco et al. 2006). As already mentioned, various 

strains and species of LAB may differentially determine the type of immune response, 

whether it is Th1, Th2, or Th3 (Christensen et al. 2002; Hart et al. 2004). 

In our study, we investigated the effects of six different LAB on DC maturation and 

activation. We demonstrated that live LAB differentially induced production of TNF-α, 

IL-6 and IL-10 cytokines and the expression of co-stimulatory molecules CD80 and 

CD40 by DCs. LPS, which is known for its potent stimulation of DC maturation and 

activation, was included as a positive control. The results of LPS stimulation of DCs was 
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compatible with previous studies (Christensen et al. 2002; Rhule et al. 2008) that 

confirmed the ability of LPS to highly induce the production of proinflammatory 

cytokines such as TNF-α and IL-6 and the elevated stimulation of various maturation 

markers by DCs .  

When stimulating DCs with different live strains and species of LAB (LH-2, La-5, 

La-115, La-116, La-14, and L. salivarius), our results showed a significant variation in 

the response of DCs toward these LAB. This was manifested in the induction of various 

cytokines by these LAB. One of the cytokines that has been frequently used in previous 

studies, as well as the present one, is TNF-α. This is a proinflammatory cytokine that 

plays an important role in DCs activation, maturation, and stimulation of the adaptive 

immune system (Banchereau et al. 2000). Interestingly, L. salivarius was the most 

effective LAB to stimulate DCs to produce significant quantities of TNF-α. This finding 

is consistent with previous studies that reported the ability of L. salivarius to highly 

induce the production of TNF-α by DCs in humans (O’Hara et al. 2006). The effects of L. 

salivarius on TNF-α production exceeded the effects of LPS and it was significantly 

higher than the effects of other LAB. La-5, La14 and La-116 moderately stimulated the 

production of TNF-α compared to L. salivarius and LPS. La-5 has been reported to 

stimulate DCs and to significantly induce the production of TNF-α (Guglielmetti et al. 

2010) in a dose-dependent manner, while La-14 and La-116 were not assessed before for 

their effects on immune system cells, especially DCs. We have now obtained some 

evidence that both La-14 and La-116 may modulate immune responses, but further 

investigations are needed for more specific evaluation of these LAB. Future studies may 

examine the ability of these bacteria to steer the response towards Th1, Th2 or Treg. On 
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the other hand, LH-2 and La-115 were the lowest among the LAB to induce production 

of TNF-α by DCs. Similar to our finding, an early study reported that L. helveticus 

induced limited production of TNF-α (Pereyra and Lemonnier. 1993) when co-cultured 

with human blood mononuclear cells (BMC) in vitro. On the other hand, other studies 

have demonstrated L. helveticus to be highly immuostimulatory (Guglielmetti et al. 2010; 

Van Overtvelt et al. 2010). There is a possibility that a higher dose of LH-2 is required to 

induce more significant effects on DCs activation since immunostimulatory effects of 

some LAB have been reported to be dose dependent (Evrard et al. 2011). Another 

possibility is the presence of strain-specific differences between different strains of L. 

helveticus. With regard to La-115, the effects of this strain on the immune system have 

not been elucidated before. 

IL-6 is another cytokine that has often been used as a measure of DC activation. IL-

6 production by APCs such as DCs has been demonstrated to induce the differentiation of 

naive CD4+ T cells to Th2 cells enhancing the Th2 immune response (Rincón et al. 1997; 

Banchereau et al. 2000). In addition, IL-6 was reported to enhance the antibody-mediated 

immune response via its ability to induce the maturation and conversion of B cells to 

plasma cells, enhancing the production of antibodies (Steinman et al. 2003; Jones. 2005). 

DCs stimulated with L. salivarius produced the highest amount of IL-6 among the other 

LAB and almost the same as LPS. Studies have reported that L. salivarius has the ability 

to induce a Th2 immune response (Drago et al. 2010; Brisbin et al. 2011). Thus, the 

increase of IL-6 production by L. salivarius in the present study raises the possibility that 

this LAB may favor the induction of Th2 type immune responses. DCs treated with La-

14 and La-116 produced low but statistically significant amounts of IL-6 compared to 
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sham treated cells. This is compatible with what was observed with the ability of these 

bacteria to induce TNF-a production by DCs. These results indicate that La-14 and La-

116 can moderately induce DCs activation, but the type of immune response they favor 

has yet to be determined. In contrast, IL-6 was not produced significantly by DCs treated 

with LH-2 and La-115. More studies are required to further explore the explanations of 

these differences.  

In contrast to TNF-α and IL-6, IL-10 is an anti-inflammatory cytokine and is an 

important stimulator of Treg activation, which reduces inflammatory responses. Previous 

studies have suggested that the production of IL-10 by DCs stimulated with LAB reduces 

mucosal inflammation either by direct anti-inflammatory effects or by stimulating the 

differentiation and activation of Treg cells (Hart et al. 2004). The production of anti-

inflammatory cytokine IL-10 was induced significantly by La-14, LH-2, La-116 and L. 

salivarius compared to negative control cells. On the other hand, the other LAB (La-115, 

and La-5) did not induce significant production of IL-10. The ability of LH-2 to induce 

high amounts of IL-10 and low proinflammatory cytokines production may indicate the 

importance of this LAB in induction of regulatory immune responses and homeostasis 

when present in the gut. In addition, LH-2 as an IL-10 inducer may be able to down-

regulate the proinflammatory effects of other LAB. It has been previously demonstrated 

that L. reuteri could down-regulate the induction of proinflammatory cytokines by L. 

casei (Christensen et al. 2002). In the present study, La-14 and La-116 were able to 

induce a significant amount of IL-10 production by DCs, thus, their role in regulation of 

immune responses needs to be studied. These results support previous studies that 
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showed the production of IL-10 by DCs stimulated by different LAB (Christensen et al. 

2002).  

Maturation of DCs is vital for initiation and priming T cell responses, with ensuing 

effects on polarization of T cell responses towards Th1/Th2 phenotypes and, 

subsequently, protection against infections. DC maturation can be induced via various 

mediators. CD40 co-stimulatory molecule is one of the important maturation markers of 

DCs. DCs express high levels of CD40 and stimulation of CD40 results in various 

phenotypic changes in DCs (Steinman et al. 2003). In addition to CD40, CD80, which is 

a co-stimulatory molecule, is an important maturation marker of DCs. This molecule is 

essential in the stimulation and differentiation of T cells by antigen-stimulated DCs. 

CD40 and CD80 molecules, bind to their ligands on the surface of T cells, CD40L and 

CD28, respectively. Recently, various LAB have been demonstrated to differentially up-

regulate maturation molecule expression on DCs (Christensen et al. 2002; Hart et al. 

2004). Thus, in the present study, we investigated the differential ability of the selected 

LAB species and strains to stimulate the expression of co-stimulatory molecules CD80 

and CD40. LPS induced the highest expression of both CD80 and CD40 molecules by 

stimulated DCs. Among the six LAB, L. salivarius was the strongest stimulator of co-

stimulatory molecules. La-14 and La-16 induced moderate up-regulation of these 

molecules. On the other hand, La-5 weakly induced the expression of both CD80 and 

CD40 compared to the constitutive expression of these molecules in sham treated DCs. In 

this regard, La115 was a weak stimulator of the expression of both CD80 and CD40 

molecules compared to unstimulated DCs. On the other hand, LH-2 weakly induced the 
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expression of CD40 and down-regulated the expression of CD80 to a level lower than 

that observed in sham treated DCs. 

To study the ability of the selected LAB to antagonize the effects of LPS, DCs were 

co-cultured with each of the live LAB followed by adding LPS to LAB-treated cells. It 

has previously been demonstrated that some LAB can inhibit the proinflammatory effects 

of LPS activated DCs (Hart et al. 2004). On the other hand, other studies showed that 

some LAB that weakly induce TNF-α may have synergistic or additive, but not 

inhibitory, effects when combined with LPS (Zeuthen et al. 2006). In the present study, 

we did not find any inhibitory effects by any of the LAB on DCs stimulated with LPS. 

On the other hand, we discovered that the combination of L. salivarius with LPS was able 

to induce higher amounts of TNF-α and IL-6 compared to LPS alone. These effects were 

additive compared to the effects of treatment with L. salivarius or LPS alone. In addition, 

La-116 combined with LPS induced significantly higher TNF-α and IL-6 than LPS 

stimulation alone which may also be considered additive effects. The same was noticed 

with the other LAB as their combination with LPS induced cytokine levels higher than 

those seen after LPS treatment alone. Our findings indicated that none of the LAB that 

we tested had a down-regulatory or antagonistic effects against LPS stimulation of DCs 

Taken together, our study showed that various species and strains of LAB 

differentially influence maturation of DCs. One of our findings was that L. salivarius was 

the most effective LAB to induce proinflammatory cytokine production and expression of 

co-stimulatory molecules. Hence, it can be concluded that L. salivarius has a potent effect 

on the modulation of immune responses (Brisbin et al. 2011; Drago et al. 2010). On the 

other hand, La-14, La-116 and La-5 moderately induced the maturation and activation of 
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DCs via stimulating the production of moderate amounts of proinflammatory cytokines 

and co-stimulatory molecules, which may result in the formation of partially activated 

and semi-matured DCs. These semi-matured DCs are suggested to be responsible for 

activation and proliferation of regulatory T cells (Steinman et al. 2003; Foligne et al. 

2007). On the other hand, LH-2 and La-115 were the least potent lactobacilli to induce 

DC responses which may be associated with the doses we used (10 bacteria: 1 DC). 

Therefore, higher bacteria: DC ratios may be used to induce optimal effect on DCs, 

because some studies have reported that the response to LAB or probiotic bacteria may 

be dose-dependent. Other possibilities that can be entertained are that these LAB may not 

be able to modulate DC responses or may induce a state of tolerance by poorly activated 

DCs. Although the mechanisms of the differential effects of LAB on immune system 

cells, especially DCs, are not well understood, a few recent studies have offered a number 

of explanations for the varying effects of LAB on DCs. For example, some studies have 

reported that the ability of various LAB to induce different immune responses is due to 

variations in the structure of their lipoteichoic acid which stimulates TLR2 leading to 

induction of various proinflammatory cytokines (Ryu et al. 2009). Other studies have 

suggested that the interaction between whole bacterial cells and DCs could stimulate 

various PRRs, such as C-type lectin receptors (Ng et al. 2010), nucleotide-binding 

oligomerization domain-containing protein-2 (NOD2), TLR2 and TLR9 (Foligne et al. 

2007). This led to our investigation of the role of TLRs in the interaction between LAB 

and DCs.  

TLRs are considered PRRs, which interact with microbial PAMPs leading to 

recognition of these microbes by the host (Kawai and Akira. 2006; Sioud. 2006). 
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Stimulation of TLRs by various microbial PAMPs initiates signaling pathways through a 

chain of signaling molecules to induce the expression of various cytokines, chemokines 

and co-stimulatory molecules by DCs as well as other cells that express TLRs. These 

stimulated DCs then mature and activate other cells of the immune system providing a 

linkage between innate and adaptive immune responses (Kawai and Akira. 2006). It has 

been suggested that some TLRs play a vital role in the interaction between LAB and 

DCs, although the mechanisms and the specific microbial PAMPs responsible for this 

interaction and the variation between different LAB in the modulation and activation of 

DCs are still under investigation. Of particular interest to our study are, TLRs 2, 4 and 9. 

TLR2 recognizes glycoproteins from bacterial cell wall, such as lipoteichoic acid of 

Gram positive bacterial cell walls, TLR4 identifies LPS from bacterial cell wall, and 

TLR9 recognizes unmethylated bacterial DNA (Kawai and Akira. 2006).  

In order to investigate the influence of LAB on the activation of DCs, the 

expression of TLRs 2, 4 and 9 genes by DCs was measured. DCs were co-cultured with 

LAB for 3 time points (3, 6 and 18 hours). In general, TLR2 gene expression was not 

induced significantly except for LPS, L. salivarius, La-14 and LH-2. LPS stimulation at 3 

hours post treatment, L. salivarius stimulation at 6 hours post-treatment and L. salivarius, 

La-14 and LH-2 stimulation at 18 hours post-treatment also significantly induced gene 

expression of TLR2 compared to the negative control. Some previous studies have 

reported that LAB can stimulate TLR2 expression resulting in the activation of DCs and 

production of various cytokines (Zeuthen et al. 2008). However, in our study there was 

low expression of the TLR2 gene after stimulation with various LAB which was partly in 

agreement with a recent study on L. rhamnosus, which was shown to induce a significant 
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increase in the production of proinflammatory cytokines such as TNF-α and expression 

of maturation markers on human monocyte-derived DCs but not in the expression of 

TLR2 (Evrard et al. 2011). In our study, LPS was able to stimulate the expression of 

TLR2 by immature murine DCs as early as 3 hours post-treatment, consistent with the 

results reported by An and co-workers (2002). In their study, An and colleagues showed 

that the expression of TLR2 was increased by LPS in mouse DCs after 1 hour of 

exposure and started to decrease by 5 hours (An et al. 2002). With respect to LAB effects 

on TLR2 gene expression, our results did not show any significant enhancement of TLR2 

expression by DCs between different LAB, which is consistent with another study that 

showed no significant changes of TLR2 gene expression by DCs stimulated with LAB 

(Evrard et al. 2011). It should be noted that a DC cell line was used in the present study 

which may or may not reflect how primary DCs would behave. Furthermore, we 

measured TLR2 gene expression via RT-qPCR. It might have been helpful if we used 

other methods to evaluate the TLR2 expression at the protein level, such as by flow 

cytometry in addition to techniques that have been used before to study the effects of 

LAB on TLR activation, for example, by blocking TLR activation or by using knockout 

mice.  

For TLR4, there was not a significant increase in the expression of this TLR at 3 

and 6 hours post-treatment, except for L. salivarius which induced low but significant 

expression of TLR4 at 6 hours post treatment. On the other hand there was a noticeable 

increase in the expression of the same TLR at 18 hours post-treatment compared to the 3 

and 6 hours time points with a significant but low increase by La 14 and LH-2 compared 

to the negative control. This noticeable increase in TLR4 expression after 18 hours for all 
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the LAB is in partial agreement with the study done by Evrard et al (2011) which showed 

an increase of TLR4 expression at the protein level after 48 hours of L. rhamnosus Lcr 35 

treatment.  

Of note was the observation that in our study LPS did not induce any significant 

increase in the expression of TLR4 compared to the negative control, although LPS is 

known for its potent effect on TLR4 stimulation. This result agrees with the study of An 

et al (2002), which demonstrated that TLR4 gene expression by DCs peaked at 1 hour 

after LPS stimulation and was down–regulated by 5 hours to the same or lower levels 

compared to the unstimulated DCs, indicating that the TLR4 pathway requires a short 

period of exposure to LPS to be activated.  

With respect to TLR9, at 3 hours post-treatment, there was no significant difference 

in expression of TLR9 between all LAB treatments compared to negative control. Only 

LPS induced a significant but low expression of TLR9 at 3 hours post-treatment. In 

addition, at 6 hours post-treatment, different LAB treatments did not induce significant 

TLR9 expression by DCs except for L. salivarius which increased the expression of 

TLR9 at a significant level compared to the negative control. On the other hand, at 18 

hours post-treatment, both L. salivarius and LPS induced a highly significant increase in 

the expression of TLR9 compared to the other treatments and the negative control. LH-2 

also induced the expression of TLR9 which was significant compared to the negative 

control. Moreover, LAB treatments (La-14, La-116, La-115 and La-5) induced an 

increase, although not statistically significant, in TLR9 expression compared to the 

negative control. On the other hand, there was a noticeable increase of TLR9 expression 

at 18 hours for all the treatments compared to the cells at 3 and 6 hours post-treatment. 
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The increase in TLR9 expression could be a result of activation and maturation of DCs. 

Adding to that, LPS induced significant TLR9 gene expression, which has been reported 

before (An et al. 2002). Our findings may point to the role of TLR9 in the interaction 

between LAB and DCs. This is supported by a previous study that LAB stimulation was 

dependent on TLR9 recognition and stimulation (Plantinga et al. 2011). Plantinga and 

colleagues (2011) reported that the specific blocking of TLR9  resulted in an excessive 

decrease in the cytokine production after stimulation with LAB. At the same time, 

blocking of TLR2 did not affect the production of cytokines by the same LAB.  

Our findings of TLR gene expression by DCs in response to various LAB indicate 

the involvement of other receptors and signaling pathways that differentially stimulate 

the induction of cytokine production and the expression of maturation markers. 

Consistent with our results, a recent study reported that TLR2 plays a minor role in the 

recognition of some LAB strains after incubation of these bacteria with mouse PBMCs 

and TLR9 stimulation is more involved in the recognition process (Plantinga et al. 2011). 

Further studies are needed to confirm this suggestion. The use of knockout mice and 

other animal models would help in understanding these mechanisms. In addition to TLRs, 

Hart et al (2004) suggested the involvement of other receptors in DC recognition, because 

these authors did not find a correlation between the cytokine production induced by 

probiotic bacteria, including some lactobacilli, and the pattern of TLR expression by DCs 

(Hart et al. 2004). 

Some caveats of our study are the use of an immortal DC cell line rather than 

primary cells. Although these immortalized cell lines are derived from a known tissue 

source (murine bone marrow) and have been used in several other studies (Frleta et al. 



 

93 
 

2003; Rhule et al. 2008), the process of transformation might have altered their cell 

machinery. In addition, the study of LAB effects on DCs in vitro may not match what can 

be found in vivo, although some studies have shown that some LAB were able to induce 

similar effects both in vitro and in vivo (Brisbin et al. 2011; Foligne et al. 2007). 

Furthermore, the effects of DCs may differ according to the tissue they reside in 

especially for DCs present in the gut. These DCs are known to act differently and to have 

specific markers and phenotypic changes. Therefore, it is essential to study the effects of 

LAB on various gut DCs.  

Conclusions and Future Directions 

In this study, we investigated direct and indirect effects of LAB. Indirect effects 

were demonstrated by investigating the biogenic effects of the fermented milk fraction 

obtained from milk fermented by a LAB (LH-2) and three synthetic peptides present in 

the fraction. Our results indicate that previously reported stimulatory effects of fermented 

milk fractions might be partly related to LPS contamination detected in the fraction. 

However, we found a moderate influence of fermented milk fraction on the activation of 

DCs. In addition, we detected low DC responses after treatment with LR-11 and LK-8 

peptides and no response after treatment with WQ-18 peptide or a combination of all 

three peptides. Furthermore, it is highly recommended to test for the presence of LPS 

when carrying out experiments on milk-derived fractions and peptides. 

Direct effects of LAB were demonstrated in this study by investigating variation in 

the effects of six LAB species and strains on DCs maturation and activation in vitro using 

an immature DC2.4 cell line. Our findings constitute an initial step in the evaluation of 
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LAB with the potential for probiotic effects on DCs. Further in vitro studies on intestinal 

DCs, which reside in the intestinal lamina propria, Peyer's patches and MLN will be fully 

elucidating the role of LAB in modulating the response of the intestinal immune system. 

Although we concluded that effects of LAB on DC maturation and activation varies 

depending on the species and strain of the lactobacilli, further studies are required to 

investigate the effects of these LAB on each other and the outcome of these effects on 

modulating immune responses. Given the fact that the intestinal environment contains a 

wide variety of probiotic and commensal bacteria, there is a possibility that different 

strains and species of LAB may have synergistic or antagonistic effects on each other 

when co-cultured with DCs. Therefore, it is important to investigate the interactions 

between different LAB. 

One of our future plans is to investigate the effects of these LAB on DCs isolated 

from different tissues, such as spleen, Peyer’s patches and mesenteric lymph nodes. It has 

been shown that the response of DCs from Peyer’s patches and mesenteric lymph nodes 

is different from that of DCs from the spleen in mice (Fink and Frøkiær. 2008). DCs 

conditioned with various LAB are anticipated to have varying effects on T cell activation 

since probiotic bacteria are able to modulate the cytokine production by DCs resulting in 

polarization of CD4+ T cells to Th1 or Th2 responses (Marco et al. 2006; Delcenserie et 

al. 2008; Braat et al. 2004). Thus, further studies on the influence of LAB-conditioned 

DCs on T cell activation are warranted.  

Over the long-term, the classification of LAB into species-specific or strain-specific 

categories of anti-inflammatory or proinflammatory immune response stimulators will 
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allow for effective application of these LAB in specific clinical or in vivo trials. For 

example, LAB with anti-inflammatory properties are more promising as treatments for 

inflammatory intestinal diseases, such as inflammatory bowel disease. On the other hand, 

LAB with proinflammatory influences could be applied to promote immunity against 

infections and as a vaccine adjuvant. Finally, future studies may be aimed to identify the 

specific mode of action of LAB on both mucosal and systemic immunity.  
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LIST OF REAGENTS 

10 X formaldehyde (MOP) running buffer  

MOPS [3-(N-Morpholino) propanesulfonic acid]:  41.9 g 

Sodium acetate-3H20:      6.8g 

0.5 M EDTA, pH 8.0:      20 ml 

dH20:         to 1 L 

Adjust pH to 7.0 using (about 10ml of 5N NaOH) then autoclave. 

 

5 X RNA loading buffer 

Saturated bromophenol blue solution (in distilled water): 300 µl  

0.5 M EDTA, pH 8.0:      80 µl 

Formaldehyde (37% w/v):     720 µl 

Glycerol (100%):      2.0 ml 

Formamide:       3.1 ml 

10 X formaldehyde running buffer:    4.0 ml 

DEPC water:       to make up to 10 ml 

 

Formaldehyde Gel Preparation(1%)  Small Gel  Large Gel 

Agarose      0.5g   1.0g 

1 X Formaldehyde (MOP) running buffer  50ml   100ml 

Formaldehyde (37%)     0.9ml   1.8ml 

 

RPMI-1640 supplemented culture medium( with L-glutamine) 
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RPMI-1640:       450 ml 

Fetal bovine serum (FBS):     50ml 

MEM:        5ml 

Sodium Pirovate:      5ml 

Penicilin-Streptomycin:     5 ml 

2-mercaptoethanol:      175 µl 

 

Antibiotic free RPMI medium 

RPMI-1640:       450 ml 

Fetal Bovine Serum (FBS):     50ml 

MEM:        5ml 

0.1mM Sodium Pirovate:     5ml 

2-Mercaptoethanol (1:100):     175 µl 

 

4x PBS for ELISA washing buffer 

KH2PO4:       0.8 g 

Na2HPO4:       4.6g 

NaCl:        32g 

KCl:        0.8g 

Distilled water:      1 L 

Mix and refrigerate  

 

ELISA washing buffer 

1x prepared PBS (1Liter of 4x PBS+3Liter of distilled water) 

0.05% of Tween 20 
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Mix and Adjust pH to 7.4 

10 mM dNTP 

100mM stock dATP:      100µl 

100mM stock dCTP:      100µl 

100mM stock dGTP:      100µl 

100mM stock dTTP:      100µl 

PCR grade water:      600µl 

Aliquot into PCR tubes at 50 µl /per tube, store at –20oC. 

 

PBS for FACS buffer  

KH2PO4:  0.12 g 

Na2HPO4:  0.72g 

NaCl:   4.0g 

KCl:   0.1g 

Sodium Azide: 0.5g (1%) 

Dissolve in 400 ml dH2O. Adjust pH to 7.4 then make volume up to 500 ml.  

Filter sterilize and store at 4 o C 

 

FACS buffer 

PBS for FACs buffer 

1% Bovine serum albumin 

Filter sterilized and store at 4 o C 

 


