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Abstract

During the last decade, probiotics have been established to be important mediators of host 

immunity. Their effects on both innate and adaptive immunity have been documented in the 

literature. Although several reports have correlated different strains of bacteria as probiotics, their 

effects on immunity vary. Clearly, there is a complex interplay between various constituents of 

probiotics and the immune response in humans. The role of probiotics on natural killer (NK) cells 

in the gut has been the subject of a few reports. In this review, we summarize the reported findings 

on the role of probiotics in the activation of gut-associated NK cells and the response of NK cells 

to stimuli elicited by probiotics and their microenvironment. The effects of probiotics on the 

activation of NK cells and their secretion of immune factors (e.g., interferon–γ, tumor necrosis 

factor–α, interleukin-2, etc.) are discussed in regard to their clinical significance in various 

diseases. Current investigations are being pursued, in particular, on the role of probiotics-activated 

NK cells in promoting the adaptive immune response against pathogens.
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I. INTRODUCTION

The human intestinal microbiome is composed of nearly 1014 microorganisms, nearly 100 

times greater than the overall genomic composition of an individual. Critical to their 

functions is to synthesize amino acids and vitamins and extract energy from polysaccharides 

that are not absorbable.1 Furthermore, these microorganisms act against pathogens and 

support the activity of the immune system, thereby contributing to overall intestinal wall 

integrity.2 The composition of microorganisms present in the gut is highly variable to 

external influences such as diet, age, medications, illness, stress, and lifestyle.1 The majority 

of bacteria present in this environment consist of the Gram-positive species lactobacilli and 

bifidobacteria, comprising 85% of the microbiome.3 Additionally, the microbiota is also 

composed of viruses, fungi, and protozoans.2 The human microbiota is continuously shaped 

and changed starting at birth, staying constant throughout adulthood, and decreasing during 
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old age. The microbiota is so closely associated with the human race, that without this 

symbiosis, our species would have not existed.4

II. PROBIOTICS

The microbiota is highly influenced by a variety of factors that can shape and change the 

overall composition of the gut environment, and this may benefit the host. Probiotics are 

thought to be significantly involved in affecting the gut microbiome. The Food and 

Agriculture Organization (FAO) of the United Nations alongside the World Health 

Organization (WHO) have defined a probiotic to be “live microorganisms, which when 

administered in adequate amounts, confers a health benefit on the host.”5 Lactic acid 

bacteria (LAB) such as Lactobacillus species and Bifidobacterium are most commonly used 

for probiotic supplementation in foods, mainly yogurts.6,7 It has been proposed that 

lactobacilli reside in both the stomach and upper portion of the small intestines, whereas 

bifidobacteria reside in the colon, where the environment is anaerobic.8 The FAO/WHO also 

state, “there is good evidence that specific probiotics are safe for human use and are able to 

confer some health benefits on the host, but these benefits cannot be extrapolated to other 

strains without additional experimentation.”5

Primarily, probiotics have been found in yogurts and fermented milks throughout the history 

of humanity, and these food items contain excellent nutritional properties.9 In examining the 

milk of both Caucasian and Bulgarian shepherds to compare the quality of life between 

these shepherds and American men, Metchnikoff mentioned that there are microorganisms 

that are not harmful to human health, thus suggesting that “the dependence of the intestinal 

microbes on the food makes it possible to adopt measures to modify the flora in our bodies 

and to replace the harmful microbes by useful microbes.”10 However, Metchnikoff’s 

intuition behind these microorganisms was faced with criticism, because the microorganisms 

were not apparent in these fermented foods. Yet, the health benefits of the yogurts were 

widespread, leading the microbiologist Shirota to discover certain bacterial strains that were 

able to contribute to bacterial pathogenic defense in the gut. Shirota isolated and 

characterized a Lactobacillus strain called Lactobacillus casei and successfully implemented 

this lactobacillus strain into a probiotic beverage called Yakult that produced exceptional 

nutritional benefits.9 The contributions that have been made to understand the biology of 

probiotics yielded sufficient insights to unravel the dynamics of microflora in the gut and the 

variability in bacterial composition when presented with these beneficial strains.

The native composition of intestinal bacterial species was determined by analysis via the 16s 

ribosomal RNA subunit through polymerase chain reactions and was sequenced 

bioinformatically.2 Approximately 60% to 80% of the native bacterial species were isolated, 

and the distribution of microbiota did not appear to be uniform among individuals. The 

bacterial populations were relatively low in the stomach, increased in concentration further 

down the intestinal tract, reached high concentration levels in the colon, and mainly 

consisted of Gram-negative anaerobic bacteria. The diversity of the microbiota is sensitive to 

both internal disturbances such as shifts in pH, motility, and the immune system and external 

disturbances such as diet or medications.4 The microbiota changes at different stages of life 

with the bacterial colonization of the gut during either vaginal or caesarean birth with 
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breastfeeding but remains relatively stable during adulthood. Yet, the inclusion of probiotics 

into an infant and a malnourished person’s diet suggests it to be beneficial, producing 

immune-enhancing effects to relieve or prevent diseases or disorders.11,12

Probiotics are commensal bacteria that help to reinforce and maintain the permeability of the 

host intestinal cell wall.12 LAB, the most common probiotic supplement, has been 

associated with binding to microfold cells, which are follicle-associated epithelium cells 

found in Peyer’s patches in the intestine; this binding leads to the stimulation of surrounding 

lymphoid tissue via an antigen transport. 13 The lymphoid tissue in the gut is the largest 

tissue in the body, making the mucosal lining a major interaction of lymphocytes and 

antigens.14 Probiotics and other commensal bacteria present in the lumen of the gut are 

important in the regulatory role of dendritic cells (DCs), which are responsible for sampling 

the environment for any pathogenic invaders and releasing cytokines or chemokines to 

stimulate an immune response.15,16 Certain strains of probiotics have been seen to enhance 

innate immunity (specifically, phagocytosis and NK cell activity), but probiotics do not 

appear to have much of a desired effect on acquired immunity.17 NK cells are part of the 

innate immune system and are known for their cytokine secretion and killing of virally 

infected and tumor cells; hence, NK cells protect the host from pathogens and transformed 

cells by their targeted elimination. These activities underlie the importance of maintaining 

the cytotoxic function of NK cells at a normal range.18 It has been reported that NK cell 

activity could be enhanced by certain strains of probiotics in humans.19 In this review, we 

examine the effects of probiotics on gut immunity, specifically describing how NK cell 

activity and subsequently innate immunity are affected by the addition of certain probiotic 

strains into a human daily diet.

III. THE IMMUNE SYSTEM: INNATE VERSUS ACQUIRED IMMUNITY

The immune system is a critical component of the host organism because it protects its host 

from a variety of infectious agents including bacteria, viruses, fungi, and parasites. The cells 

that of the immune system, white blood cells, are spread across the body and travel via the 

lymphatic system and bloodstream. These cells develop and mature either in primary 

lymphoid organs such as the bone marrow (BM) or the thymus or in secondary lymphoid 

organs such as the lymph nodes (LNs), spleen, or the gut-associated lymphoid tissue 

(GALT). The immune system is divided into two components: the innate immune system 

and the acquired immune system. The innate or natural immune system is that part of the 

immune system that arises when an individual is born, whereas the acquired or specific 

immune system is the component of the immune system that develops during multiple 

exposures to infectious agents. A well-functional immune system is able to distinguish 

pathogenic, threatening organisms from those that are nonthreatening, beneficial, or 

nonharmful.17

The immune system is ever changing and consistently shaped by the antigens and 

microorganisms to which it is exposed. Breast milk is the first exposure to the immature 

immune system after birth, because it contains a variety of antigens from the mother.20 

However, near the end of life, the immune system becomes highly dysregulated, leading to 

the progressive loss of acquired immunity and, ultimately, a greater chance of infection. The 
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process of decreased acquired immunity is called immunosenescence.21 Interestingly, innate 

immunity seems not to be affected by aging compared to acquired immunity.17

The gut immune system, the GALT, is important to understand because the dynamic of 

probiotics and NK cells depends on its complex nature. The GALT includes the physical 

barrier of the intestines and the mucous lining that accompanies it, in addition to both the 

innate and adaptive components of the immune system. The immune cells in the intestinal 

wall are organized into specific structures called Peyer’s patches, located under the 

epithelium near an area called the lamina propria.22

Gut innate immunity communicates with endogenous microbiota to improve growth, 

survival, and inflammatory control of the intestinal environment.3 Innate immunity is able to 

distinguish pathogenic from nonpathogenic agents via pattern recognition receptors (PRRs) 

and Toll-like receptors (TLRs). This helps the immune cells to determine similar recognition 

sites that are present on microorganisms. These sites or patterns are called pathogen-

associated molecule patterns and help to target pathogens by specific surface markers such 

as lipopolysaccharides (LPSs), peptidoglycan, flagellin, and many others.23,24 Furthermore, 

TLRs are found on many cells of the innate immune system including macrophages, 

neutrophils, and dendritic cells (DCs).3 Microbe-associated molecule patterns from the 

microbiota can regulate the gut innate immune system, leading to an increase in the 

activation of nuclear factor–kappa beta (NF-κβ) signaling pathway. This response leads to a 

production of various cytokines, thereby stimulating antigen-presenting cells for the 

induction of an immune response. This results in the activation of naïve T cells, indicating 

that innate immunity interacts significantly with adaptive immunity.23,24

The lamina propria, as mentioned previously, houses specialized structures called Peyer’s 

patches that contain a large number of immune cells such as macrophages, DCs, T cells, and 

immunoglobulin A (IgA)-secreting β cells. Adaptive immunity is dependent on GALT, 

primarily in these Peyer’s patches and mesenteric LNs (MLNs).25 The lamina propria also 

contains cluster of differentiation 4 (CD4T), CD8T, and β cells. These β cells become IgA-

secreting plasma cells when activated in the lamina propria. Antigens sampled in this region 

are taken up by DCs and then travel through the lymphatic draining vessels to the either the 

MLNs or other gut lymphoid tissues.26 The innate and adaptive components of immunity are 

critical for survival. Cross talk between these two components provides a more substantial 

response to protect the host from various pathogens.

IV. NK CELLS AND IMMUNITY

NK cells are a component of the innate immune system, constitute nearly 10% of all 

peripheral lymphocytes, and are characterized by surface CD56 expression but no CD3 

expression.27 NK cells are composed of heterogeneous subsets of lymphocytes, whose roles 

are important in both innate and adaptive components of the immune system.28 Large 

granular cells that are primarily involved in targeting and controlling pathogenic infections 

and tumor malignancies.29 NK cells are found in blood, BM, and the spleen and have a role 

in protecting the host from infectious agents and preventing harmful transformations. 

Furthermore, NK cells do not express receptors for specific antigens that require the lysis of 
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tumor cells.30 Farag et al.30 determined that NK cells have their own repertoire of receptors 

that can associate with either major histocompatibility complex (MHC)-I–like molecules or 

other ligands. NK cells are either activated by immunoreceptor tyrosine-based activating 

motifs (ITAMs) or inhibited by immunoreceptor tyrosine-based inhibitory motifs in their 

cytoplasmic tails.31

The development of NK cells in requires interaction between both MHC-I and inhibiting 

receptors.32 This interaction is called NK cell education and helps to determine the 

activation levels of mature NK cells. The activation threshold of each NK cell depends on 

the strength of the inhibitory signals, adapting to a particular MHC type for their host.33 

Mature NK cells are defined to have surface CD56 expression but lack surface CD3 

expression.34 NK cells can be divided into two major subsets: CD56dim (low density) and 

CD56bright (high density).28 CD56dim NK cells are the more cytotoxic of the two subsets and 

comprise nearly 90% of all NK cells, whereas the other 10% of NK cells are CD56bright. The 

CD56dim NK cells have also high expression of CD16 Fc receptor γ (FcRγ) III, which is 

important for binding to targets that are coated with antibodies via their FcRs and initiate 

antibody-dependent cellular cytotoxicity.35,36

NK cells are involved in cytotoxicity and cytokine production, resulting in cell-mediated 

lysis through cytotoxic molecules, perforin, granzymes, and the tumor necrosis factor–α 
(TNF-α) family of ligands.18 Perforin causes pore formation on the target cell membrane.37 

Granzymes, which are serine esterases, stimulate apoptosis in the target cell.38 TNF-α, the 

Fas ligand, and TNF-related apoptosis-inducing ligand are involved in activating apoptotic 

pathways in target cells for induction of apoptosis.39 Additionally, NK cytotoxicity can be 

divided into its ability to target tumor and virally infected cells or antibody-driven lysis by 

IgG antibodies targeting pathogens.28

The main receptors present on NK cells are killer immunoglobulin receptors for MHC-I.40 

These receptors, along with many others present on the NK cell surface, help to regulate 

stimulation or inhibition of cell-specific lysis.18 The activating receptors help NK cells to 

have a strong stimulus with the recruitment of adaptor molecules, such as diaminopimelic 

acid (DAP)10, DAP12, and FcRγ, which contain ITAMs.28 Inhibitory receptors oppose 

these activating receptors with inhibiting motifs at their cytoplasmic tails. These receptors 

can then activate downstream sites, such as Src homology region 2 domain-containing 

phosphatase-1 (SHP-1) and SHP-2, that can oppose the signals of activating receptors and 

their ITAMs.41,42 Lysis of a tumor or virally infected cell will occur when the NK cell binds 

to surface ligands on the target cell; however, lysis will be inhibited when the target cell 

contains an MHC-I–like molecule such as the human leukocyte antigen (HLA). When 

inhibitory receptors on NK cells interact with HLA without the activating receptor/ligand 

complex, the target cell will not be lysed because of a net negative signal. But when the 

activating receptor binds to the ligand, an overall activation signal will occur, resulting in 

lysis.18 Various cytokines can increase the number of NK cells and stimulate the activation 

of these cells to target a broader spectrum of cells, especially those that are affected by 

nonactivated NK cells; cytokines that are included in this process typically involve 

interferon-γ (IFN-γ), interleukin-2 (IL-2), IL-12, IL-15, or IL-18.43 Thus, NK cells’ lysing 

ability depends on the activating and inhibiting receptors that have a role in forming 
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complexes of NK target cells and are stimulated by the levels of cytokines present in the 

environment.

To combat tumor cells and viruses, NK cells release their own cytokines that help to destroy 

these pathogens. NK cells enhance the production of IFN-γ and IL-12 via dendritic cell 

(DC)–cytokine activity.44 DCs are important for initiating immune responses against 

bacteria and continuously sample the surrounding peripheral tissues to detect pathogens. 

DC/NK cross talk is regulated by LAB by increasing NK cytolytic potential. Various strains 

of LAB may be useful for balancing cytokines and can result in more active type-1 immune 

responses in the body. DC cells help NK cells to acquire complete functions (and vice versa) 

that are critical for generating adaptive immunity against pathogens. NK cells require 

stimulation by DC cells to kill their targets as part of the cross-talk mechanism between DC 

and NK cells.7 Thus, NK cells are largely critical in the innate immune system as well as the 

adaptive immune system for promoting cytokine production and cytotoxicity for cell-

mediated lysis of tumor cells and for virally infected cells to maintain homeostasis in the 

body.

V. NK ACTIVITY IN THE GUT

The GALT encompasses MLNs, Peyer’s patches, cryptopatches, and isolated lymphoid 

follicles; the latter three compose the lamina propria of the intestine.45,46 As stated above, 

NK cells develop in blood, BM, and LNs and exit these locations after their development to 

migrate via the bloodstream to secondary lymphoid structures. NK cells in the gut have 

varying phenotypes based on their maturation and function. The current understanding of 

NK development and migration models suggests that NK cells emerge from BM and are a 

mixture of both mature and immature NK (iNK) cells.47

NK cells that are present in the region of the gut are classified under the innate lymphoid 

cells–1 subset.48 Intestinal NK cells are different from other NK cells seen in the blood and 

more likely resemble “helper” NK cells.49 NK cells found in the gut appear to be 

predominantly CD56bright, but few express the CD16 phenotype. This subset may indicate 

that these NK cells are similar to iNK cells found in secondary lymphoid tissues.50,51 

Furthermore, iNK cells may indicate cells that originate from NK precursors that developed 

from either BM or LNs, whereby CD56bright NK cells in humans produce large quantities of 

IFN-γ, although these cells exhibit low cytolytic activity during in vitro testing.51 After an 

infection, there are significant changes in the frequency of NK cells in both the small 

intestine and lamina propria.

NK cells in the intestinal tract exhibit the distinct NK22 receptor, which is identified via 

NKp46 and is involved in the tissue remodeling process.52,53 As intestinal NK cells localize 

to the intestinal wall, they express chemokine receptor 6 (CCR6) and transcription factor 

RAR-related orphan receptors-γt (RORγt), which are mucosa-homing cytokines.52,54 NK 

cells express a variety of chemokine-associated receptors such as CXCR1, CCR2, CCR7, 

CCR5, and CX3CR1.55 The iNK cells are influenced by chemokines secreted by various 

peripheral organs such as the gut and liver, resulting in their migration to these same tissues 

(Fig. 1).56 Additionally, these RORγt+ NKp46+ NK cells produce IL-22. IL-22 in mice was 
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seen to protect the integrity of the intestinal wall and increase epithelial repair against 

bacterial infection via the signal transducer and transcription 3 signaling pathway, resulting 

in the production of antimicrobial proteins.57 The diversity of the expression of receptors on 

NK cells may indicate that the tissues are able to regulate the migration of the cells to 

specific organs such as the gut epithelium.47 Furthermore, it has been suggested that NK 

cells in the gut require priming for activation by varying cytokines that include IFN-γ, 

IL-15, and IL-18.49 In the gut, iNK cells are primed to the gut mucosa by interacting with 

CCR7+ CD103+ DCs, resulting in the expression of CCR9.58,59

NK cells are exposed to various antigens in the gut including commensal bacteria. The NK 

cells display a variety of proinflammatory cytokines such as IFN-γ, TNF, IL-2, IL-17, and 

IL-22 when exposed to these commensal bacteria. These cytokines activate the innate 

immune system and cytolytic activity of NK cells. This indicates that NK cells are critical in 

innate immunity and tolerance against nonpathogenic bacteria that may also include 

probiotic strains found in commercial products.49,50,60 iNK cells cooperate with resident 

antigen presenting cells (APCs), primarily DCs, interacting with the intestinal microbiota. 

Inactivated dendritic cells sample the intestinal epithelium and are activated and matured by 

commensal bacteria, such as probiotics, that encompass many LAB (Fig. 2).7 The probiotics 

are recognized by DCs via PRRs, resulting in the release of various cytokines.61 The 

cytokines released, mainly IL-12, regulate both T-cell and NK cell responses to the gut, 

inducing the production of IFN-γ, favoring T-helper 1 (Th1) differentiation, that forms a 

connection between both the innate and adaptive components of the immune system.62 

Additionally, IL-12–producing DCs increase the expression of CD69 in these gut NK 

cells.63

It is hypothesized that NK cells may directly interact with nonmethylated CpG motifs of 

bacterial DNA via their own TLRs, specifically TLR-9, thereby enhancing their cytotoxic 

activity.7 The process by which NK cells interact with the gut microbiota is unclear, but it 

has been hypothesized that NK cells may infiltrate the intestinal wall and become 

intraepithelial lymphocytes, allowing them to respond to the gut microbiota (Fig. 3).47 

Therefore, NK cells are stimulated and require several different cytokines to carry out and 

activate other nearby cells. The addition of probiotics helps to stimulate specific cytokines 

that regulate NK cell responses and secretions, leading to a form of a cross talk between 

innate immunity and adaptive immunity.

VI. ROLE OF PROBIOTICS IN ACTIVATION OF HUMAN NK CELLS

Several studies have shown that PRRs, TLRs, and Nod-like receptors are important for 

keeping a stable relationship between both the gut and microbiota.64,65 The activation of 

TLRs leads to an up-regulation of proinflammatory mediators that facilitate the immune 

defense of the host. Probiotics have benefited the treatment of several diseases such as viral 

gastroenteritis, postantibiotic-associated diarrhea, necrotizing enterocolitis, and many 

others.66 With this understanding of probiotic benefits, several studies have been conducted 

to examine the effects of probiotics on NK cells and their interactions with innate immunity.
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Several strains of probiotics have been studied to observe the beneficial effects on NK cell 

activity. Bacillus polyfermenticus, commonly referred to as Bispan strain, is used to treat 

certain long-term intestinal disorders because this strain’s endospores successfully reach the 

target intestinal wall.67 Kim et al.68 examined the effects of the Bispan strain to determine 

whether it increased the levels of IgG and NK cell counts. Twenty-five males between the 

ages of 20 and 35 years old were assigned to either a control (n = 12) or experimental (n = 

13) group supplemented with a placebo or B. polyfermenticus for 8 wk. During strain 

supplementation, the overall concentration of IgG was 12% higher in the experimental group 

than in the control group. Furthermore, it was seen that CD4+ helper T cells, CD8+ cytotoxic 

T cells, and CD56+ NK cells in the experimental group were 32%, 28%, and 35% higher, 

respectively, when compared to the control group. B. polyfermenticus oral administration 

was shown to have immunoenhancing effects in these test subjects, resulting in modulation 

of innate, humoral, and cell-mediated immune responses.68 The immunoenhancing effects of 

B. polyfermenticus on these immune systems provide more evidence that several nutritional 

and therapeutic effects ascribed to probiotics, specifically LAB, include metabolic 

stimulation of vitamin synthesis, gut flora stabilization, and carcinogen detoxification, 

among many others.69

Probiotics also have varying effects on the immune system during different stages of life and 

have different benefits for certain age groups, which is similar to how the microbiota in our 

gut is constantly changing over the course of life. In young adults, the effects of probiotic 

supplementation in diet have been shown to increase concentrations of IgA, the number of 

NK cells, and NK cell activity.70 In elderly adults, two 3-wk trials of Bifidobacterium lactus 
HN019 supplementation increased phagocytosis of monocytes, polymorphonuclear cells, 

and NK cell tumoricidal activity.71,72 Additionally, similar results of phagocytic and NK cell 

activities occurred in middle age and elderly populations when these two groups were given 

Lactobacillus rhamnosus HN001 supplements during a 3-wk period.73 Thus, age is a 

contributing factor in the activity of NK cells and other components of the immune system 

during probiotic supplementation.

Certain strains of microbiota appear to have a modulatory effect on GALT, increasing innate 

immunity functionality, activating DCs, and stimulating NK cells via a direct cytochemical 

process by pathogens invading the mucosal wall of the host intestine.74 DC and NK cells are 

important in early response against cancer and viral infections that can result in NK 

activation, DC maturation, or DC death, indicating that DC and NK cells have an influence 

on the innate and consequently the adaptive immune system.75–77 LAB have been shown to 

have significant influence on DCs, thereby activating NK cells. This leads to the hypothesis 

that DCs that interact with LAB and go through maturation can also stimulate NK cells.7 

This interaction is seen in several different subsets of DCs such as blood DCs and LN DCs 

that are matured by IL-12–inducing LAB and activate NK cells to produce IFN-γ63,78 

confirming the belief that IL-12 is critical for NK cell production of IFN-γ.79 Certain LAB 

might be involved in Th1 skewing via the intermediate of IFN-γ–producing NK cells, 

whereas a larger variety of LAB strains may increase NK cell number and NK cytotoxicity 

as a result of NK/DC interaction.7
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One of the most studied strains of LAB, Lactobacillus casei Shirota (LcS), is currently 

manufactured in Japan as a commercial beverage, used for its benefits as a probiotic for 

improving human health. LcS is known to increase the number of beneficial bacteria in the 

intestines, improve the overall composition of beneficial bacteria, and potentially replace 

pathogenic bacteria that invade the gut.80 Many studies have been conducted to observe the 

immunomodulatory effects of LcS on the gut immune system, in particular, NK cell activity 

within the innate immune system. One in vitro study conducted by Dong et al.,6 examined 

the effects of LcS and characterized its immunomodulatory properties on immune function 

when using human peripheral blood mononuclear cells (PBMCs). The researchers observed 

that during LcS supplementation, LcS promoted NK cell activity and induced the surface 

expression of CD69 and CD25 on both CD8+ and CD56+ subsets without any other stimulus 

present. In the absence of any LPSs, LcS induced production of IL-1β, IL-6, TNF-α, IL-12, 

and IL-10, whereas during exposure to LPSs, LcS enhanced IL-1β production. The study 

also examined the effects of monocytes on LcS-induced immunity and determined that 

monocytes reduced the impact of LcS on NK cells and cytokine production, indicating that 

LcS activated cytotoxic lymphocytes in both the innate and adaptive immune systems, 

allowing LcS to stimulate the destruction of infected or malignant cells.6 This interaction 

between monocytes and NK cells was similar to results of a study that examined the effects 

of monocytes on LcS-induced NK cell activity.81 However, in a similar study conducted by 

Seifert et al.,82 LcS was observed alongside NK activity in a group of healthy men (n = 68) 

with reduced activity who were supplemented with LcS for 4 wk. Proportions of NK cells 

and other leukocytes were observed and the authors determined that LcS supplementation 

had no significant effect on the number of NK cells and function or phagocytosis, respiratory 

burst, or cytokine production of PBMCs.82 Another study also examined Shirota’s effects on 

NK activity in smokers. These researchers observed that taking probiotic supplements of 

Shirota increased cytotoxicity activity and CD16+ cell numbers, contradicting the previous 

study’s conclusion.83

Lactobacillus strains have been extensively studied to understand their probiotics effects on 

NK cell activity. Three strains of lactobacilli, Lactobacillus plantarum, L. paracasei, and L. 
rhamnosus GG (LGG), and the pathogen Salmonella typhimurium were examined by Mileti 

et al.84 to observe immunomodulatory properties in the immune system. L. plantarum 
exhibited the most effective induction of inflammatory cytokines, whereas L. paracasei was 

least effective. L. paracasei did not greatly induce cytokine release, inhibited DCs’ potential 

to release inflammatory cytokines, and drove a response for Th1 cells against salmonella. 

This finding describes a new property to characterize probiotics to be either direct or indirect 

in inhibiting DC activation via inflammatory bacteria. Probiotics would then need to be 

divided into either immunostimulatory or immunomodulatory activities, based on how each 

strain interacted with specific components of the immune system.84 Knowledge of probiotic 

strains and their interactions with the gut immune system is necessary to determine whether 

the use of probiotics as a therapeutic agent in inflammatory bowel disease is beneficial, 

because current research into clinical efficacy is limited.85

One aspect of probiotics that must be acknowledged is whether certain strains better enhance 

specific components of the immune system than other probiotic strains. For instance, heat-
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killed LcS, Lactobacillus acidopholus ATCC 4356, and Bifidobacterium breve ATCC 

15700NK have been reported to increase NK cell activity and enhance NK activation.86

Dong et al.87 conducted another study on probiotics and immune function in in vitro 

samples that further expanded the number of tested probiotics to six (four Lactobacillus 
strains and two Bifidobacterium strains). The expression levels of both CD69 and CD25 

were analyzed as two activation markers that are expressed by lymphocytes, T cells, and NK 

cells on specific lymphocytes. The study suggested that some preferential activation of 

cytotoxic CD8+ T cells occurred with all strains, indicating that probiotics help to partially 

activate cytotoxic T cells. The authors also observed that the strains significantly increased 

the production levels of IL-1β, IL-6, IL-10, TNF-α, granulocyte macrophage–colony-

stimulating factor (GM-CSF), and macrophage inflammatory protein–1α (MIP-1α).87 Thus, 

the referred literature indicates the potentiation of NK cell activity and increased production 

of cytokines with certain strains of probiotics.

VII. CONCLUDING REMARKS

The microbiota in the gut is a highly variable and easily influenced environment that can be 

affected by a number of various factors such as age, diet, medication, and lifestyle.3 

Probiotic supplementation in our diet can be substantial and beneficial in improving the 

immune response in the gut. NK cell activity is critical for mediating an appropriate immune 

response against pathogens. The interaction of NK cells and DCs suggests an important role 

for NK cells in properly initiating and regulating immune responses.7 NK/DC cross-talk 

cooperation is an important complex that would benefit from interaction with probiotics to 

stimulate NK cell activity and increase cytolytic potential to help prime the immune system 

against harmful pathogens.

NK cell activity and functionality are enhanced during the incorporation of probiotic strains 

in diet. Experimentation of NK activity among different strains of probiotics, specifically, 

commercial lactobacilli and bifidobacteria strains, indicates that NK activity is increased 

overall (with no differences between strains) and is not specific to any certain strain.87 

Further research into expanding the number of commensal bacteria strains to test NK 

activity would be the next step in understanding how probiotics affect the gut immunity. 

More importantly, it will be important to examine which strains interact with NK cells, 

greatly facilitate their stimulation, and enhance their activity as well as frequency of NK 

cells present in the intestinal wall. The roles of probiotics in immunity in the literature are 

summarized in Table 1.

Another approach to stimulating NK cell activity would to examine the interaction among 

the ligands with probiotic bacteria and NK cells themselves. Understanding their complex 

interaction would be useful to help genetically modify the surface of probiotics to contain 

ligands that are known to actively stimulate and enhance gut NK cells. Genetic modification 

of probiotics would allow for greater interactions and more beneficial health benefits in 

improving innate immune and adaptive systems.
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The observations derived from the referred studies should provide a strong rationale to 

emphasize targeting the ligand–receptor complexes between NK cells and probiotics, which 

can be used as novel immunotherapy treatment to help relieve the myriad of intestinal 

inflammatory diseases. These interactions could also be exploited to help those with 

conditions that require other forms of immunotherapy. A greater understanding into the 

processes that occur in the gut immune system would help to substantiate the health claims 

of probiotics.
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IL interleukin
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ITAM immunoreceptor tyrosine-based activating motif

LAB lactic acid bacteria

LcS Lactobacillus casei Shirota
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MIP-1α macrophage inflammatory protein–1α
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NK natural killer

PRR pattern recognition receptor
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FIG. 1. 
Activation and maturation of iNK cells in the BM by probiotics. NK cells are released into 

the peripheral blood from the BM as a mixture of both immature and mature cells. iNK cells 

are modified and gain specific receptors from chemokines released by certain mucosal 

tissues such as the gut or liver. These chemokines induce the migration of iNK cells to 

peripheral tissues.
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FIG. 2. 
Interaction of iNK cells with APCs in the gut. iNK cells are stimulated by APCs, mainly 

DCs. DCs are activated by interacting with commensal or pathogenic bacteria; in this case, 

LAB. APCs increase IL-12 production in response to these bacteria, thereby stimulating the 

increase in NK cell production of INF-γ and TNF-α. This stimulation overall increases NK 

cell activation, cytotoxic activity, and expression of CD69.
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FIG. 3. 
Interaction of NK cells with gut bacteria and probiotics. It is hypothesized that iNK cells 

may infiltrate the intestinal epithelium and interact with the nonmethylated CpG motif in 

bacterial DNA via its own TLR-9 and increasing its own cytolytic activity during this 

interaction.
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TABLE 1

Summary of probiotics and their effects on NK cells and immunity

Probiotic strain
Activity in the immune 
system Cytokines produced Other comments

LcS Monocytes potentiate 
increased NK cell activity 
via LcS induction6

IFN-γ, IL-1β, IL-6, IL-8 IL-10, 
IL-12, TNF-α, GM-CSF, and 
MIP-1α6,87

Induced expression of CD69 
and CD25 on CD8+ and CD56+ 

subsets of NK cells6

Lactobacillus plantarum NCIMB8826 Increased expression of 
CD69 and CD25 in NK 
cells, enhancing activation 
of NK cells87

IL12p70, IFN-γ, TNF-α, 
MIP-1α, IL-1β, GM-CSF, and 
IL-887

Up-regulation of MHC-II 
(HLA-DR) and CD80; induced 
phenotypic maturation of DCs84

Lactobacillus rhamnosus GG (LGG) Did not increase expression 
of CD69 or CD25 in 
lymphocytes87

IL-1β, IL-8, and GM-CSF87 Up-regulation of MHC-II 
(HLA-DR) and CD80; induced 
phenotypic maturation of DCs84

Lactobacillus paracasei B21060 Anti-inflammatory effect 
on DCs84

TGF-β, TNF-α, and IL-12p7084 Up-regulation of MHC-II 
(HLA-DR) and CD80; induced 
phenotypic maturation of DCs84

Lactobacillus reuteri NCIMB11951 Increased 
expression of CD69 and 
CD25 in NK cells, 
enhancing activation of NK 
cells87

Increased expression of CD69 
and CD25 in NK cells, 
enhancing activation of NK 
cells87

Bifidobacterium longum SP 07/3 Increased expression of 
CD69 and CD25 in NK 
cells, enhancing activation 
of NK cells87

Increased expression of CD69 
and CD25 in NK cells, 
enhancing activation of NK 
cells87

Good inducer of IFN-γ; 
Bifidobacterium strains were 
good inducers of IL-6, IL-10, 
and MCP-187

Bifidobacterium bifidium MF 20/5 Increased expression of 
CD69 and CD25 in NK 
cells, enhancing activation 
of NK cells87

IL-1β, TNF-α, GM-CSF, IL-6, 
IL-8, IL-10, MCP-1, and 
MIP-1α87

Good inducer of GM-CSF; 
Bifidobacterium strains were 
good inducers of IL-6, IL-10, 
and MCP-187

Bacillus polyfermenticus (Bispan strain) Increased levels of 
CD56+subset of NK cells68

No cytokine expression levels 
reported

Enhanced levels of IgG 
production and modulation of 
CD4+ and CD8+ T cells68

CD, Cluster of differentiation (cell); DC, dendritic cell; GM-CSF, granulocyte macrophage–colony-stimulating factor; HLA-DR, human leukocyte 
antigen D related; IFN-γ, interferon-γ; IgA, immunoglobulin a; IL, interleukin; LcS, Lactobacillus casei Shirota; MHC-II, major 
histocompatibility complex class II; MIP-1α macrophage inflammatory protein–1α; NK, natural killer; TGF-β, transforming growth factor-β; 
TNF-α, tumor necrosis factor–α
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