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OmniGen-AF
®
 (OG; Prince Agri Products, Inc., Quincy, IL) is a feed additive containing 

brewers dehydrated yeast and B-vitamins that supports immune function in ruminant livestock.  

Targeted profiling of immune-associated genes in whole blood is an effective platform for 

identification of a) novel molecular pathways and b) immune response markers to feed additives 

with immune-altering properties.  The objectives of this study were to identify novel molecular 

pathways and immune response markers that are increased by dietary OG during a 28-d 

supplementation period.  We hypothesized that several immune-associated genes in whole blood 

are up- or down-regulated during a 28 d supplementation period.  Thirty-seven healthy, 

unchallenged, 180-200 g male CD rats received a diet containing 0 (control; n = 5, only 28 

days), 0.5% (n = 15), or 1% (n = 17) of OG for 7 (n = 4/group), 14 (n = 3 or 4/group), 21 (n = 3 

or 4/group), or 28 (n = 5/group) days.  Whole blood was collected at the end of the feeding 

periods.  RNA was purified from whole blood samples and used to generate cDNA that acted as 

template in the Rat Innate and Adaptive Immune Responses RT
2
 Profiler PCR array 

(SABiosciences).  Using PROC GLM, we compared cDNA abundance of immune-associated 

genes between control and supplemented groups (0.5 or 1%) with a P < 0.05 cut-off value for 



 

 

significance.  Of the 73 immune-associated genes that were expressed above the detection limit 

in >90% of all samples, 8 genes were altered at both OG supplementation dosages.  Three 

bacterial pattern recognition receptors TLR1 (0.5%: +2.01; 1%: +2.38), TLR6 (0.5%: +2.11; 1%: 

+2.34), and Nod2 (0.5%: +2.32; 1%: +2.23), two antigen presenting cell surface receptors Cd1d1 

(0.5%: +1.75; 1%: +2.33) and Cd80 (0.5%: +2.45; 1%: +3.00), and the cell signaling molecule 

Mapk8 (0.5%: +1.87; 1%: +2.35) were up-regulated by OG supplementation.  In contrast, the 

Treg/Th2 marker Gata3 (0.5%: -2.16; 1%: -2.13) and IL10 (0.5%: -1.98; 1%: -2.05) were down-

regulated for the first 3 wk of OG supplementation.  Our results suggest that in whole blood of 

healthy, unchallenged rats OG supplementation stimulates bacterial recognition and T-cell 

activation for the host defense against bacterial pathogens.  Three genes, Cd80, Mapk8, and 

TLR1, were consistently up-regulated after 7 d (Cd80: +2.82; MAPK8: +2.14; TLR1: +2.54 

fold-change), 14 d (Cd80: +2.46; Mapk8: +2.04; TLR1: +1.87 fold-change), 21 d (Cd80: +3.71; 

Mapk8: +2.66; TLR1: +2.66 fold-change), and 28 d of OG supplementation (Cd80: +2.09; 

Mapk8: +1.67; TLR1: +1.81 fold-change) and, thus, could serve as potential immune response 

markers to OG supplementation. 
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IDENTFICATION OF NOVEL IMMUNE MOLECULAR PATHWAYS AND 

RESPONSE MARKERS TO OMNIGEN-AF® SUPPLEMENTATION IN A RAT 

MODEL 
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CHAPTER 1 – INTRODUCTION  

 

 

Adding low doses of antibiotics to livestock feed has resulted in benefits such as 

improved livestock health, increased production (which provides low-cost food stuffs to 

consumers), and decreased morbidity and mortality rates (Oliver et al., 2011). However, 

complications have arisen with the long-time application, and even misuse, of these feed 

products. Natural supplements, including yeast products and essential oils, are receiving more 

attention as antibiotic alternatives because of their favorable effects on gut and immune health 

(Ganner and Schatzmayr, 2012).  

What is needed to replace antibiotic use are alternatives that modulate the intestinal 

microbiome and compounds that regulate the immune system (Huyghebaert et al., 2011). One 

such natural supplement is OmniGen-AF (OG), an additive that has been proven to alter immune 

function and, in dairy herds, has resulted in significantly lowered abortions, mastitic cases, and 

monthly death losses (The Immunity Challenge. A Summary of 312 Field Trials Evaluates SCC 

and Herd Health., 2011). The primary cause of these physical improvements has been attributed 

to molecular alterations within the immune system (Wang et al., 2004, 2007, 2009; Rowson et 

al., 2011). Peripheral blood neutrophils have been the primary immune cell targeted in the past to 

measure molecular changes. Though numerous in the blood, these still only represent one 

immune cell and only one branch of the immune system.   

The objectives of this study, therefore, were to identify novel molecular pathways and 

immune response markers that are increased by dietary OG during a 28-d supplementation 
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period. Thus, the overall effects of the supplement on both innate and adaptive immunity could 

be measured by using RNA purified from immune cells found in whole blood. 
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CHAPTER 2 – LITERATURE REVIEW 

 

Supplement Use in Livestock 

 

Antibiotics as Growth Promoters  

 

Adding low doses of antibiotics to livestock feed has resulted in benefits such as 

improved livestock health, increased production (which provides low-cost food stuffs to 

consumers), and decreased morbidity and mortality rates (Oliver et al., 2011). However, 

complications have arisen with the long-time application, and even misuse, of these feed 

products. This includes deposition of antibiotic compounds in the environment and increased 

incidence of antibiotic-resistant organisms (Sarmah et al., 2006; Bednorz et al., 2013). 

Worldwide concern over these issues has led to the ban of antibiotics as growth promoters 

(AGP) in the EU as well as multiple proposals in the United States to limit their use (Gaggìa et 

al., 2010; Clark et al., 2012).  

As AGPs are increasingly being phased out, alternatives are needed to fill their place. The 

European Union has adapted to the ban by incorporating a wide variety of methodologies. These 

consist of better management practices (reducing animal density and improved sanitation), 

targeting medications for specific illnesses, utilizing vaccinations, and adding supplements such 

as enzymes, prebiotics, probiotics, and cationic trace elements to feeds (Marshall and Levy, 

2011; Bednorz et al., 2013). Natural supplements such as those just mentioned, as well as yeast 

products and essential oils, are receiving more attention as antibiotic alternatives because of their 
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favorable effects on gut and immune health (Ganner and Schatzmayr, 2012). As Gerard 

Huyghebaert et al. (2012) state,  

…the main characteristic of a good alternative from a practical point of view is that it 

must improve performance at least as well as AGPs. 

 

These include alternatives that modulate the intestinal microbiome and compounds that regulate 

the immune system (Huyghebaert et al., 2011). 

 

Natural Supplements 

 

  The benefits of these natural feed additives in livestock result in improved overall health 

and productivity. Direct-fed microbials, comprised of live beneficial microorganisms, when 

given to chickens can stimulate the gut-associated immune system, improve epithelial integrity 

of the gut, enhance the quality of the intestinal microflora, outcompete pathogenic bacteria, and 

improve growth performance (Salim et al., 2013). Lysozyme (an enzyme that degrades the cell 

walls of bacteria) supplement can improve feed efficiency, growth rate, and small intestine 

morphology in weaned pigs (Oliver and Wells, 2013). In veal calves, prebiotics, probiotics, and 

plant extracts have improved weight gain and feed conversion while lowering the occurrence of 

diarrhea (Gérard-Champod et al., 2010).  

Despite the diversity in animal species and their digestive systems, nutritional 

supplements have a growing repertoire of scientific data to support their application in livestock 

feeds as growth enhancers and/or immunostimulants. These effects lead to increased production 

and overall healthier animals. One such natural supplement is OmniGen-AF (OG), an additive 

that has been proven to alter immune function and, in dairy herds, has resulted in significantly 
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lowered abortions, mastitic cases, and monthly death losses (The Immunity Challenge. A 

Summary of 312 Field Trials Evaluates SCC and Herd Health., 2011). The primary cause of 

these physical improvements has been attributed to molecular alterations within the immune 

system (Wang et al., 2004, 2007, 2009; Rowson et al., 2011). 

 

Immune System 

 

Introduction 

 

An animal’s immune system is comprised of two main parts: the innate and adaptive 

immune system with the adaptive formed only in vertebrates (Christofi and Apidianakis, 2013). 

As with other systems in the body, these two sides of the immune system do not work 

independently of each other but share many common features and communicate with one another 

in order to protect against and fight various illnesses.  

The cells of the innate immune system function as a fast-acting, non-specific, first-line of 

defense that can recognize the presence of viruses, bacteria, fungi, and parasites (Lacy and Stow, 

2011; Dudek et al., 2013). These pathogens are identified as “non-self” when their conserved, 

characteristic pathogen-associated molecular patterns (PAMPs) are bound by the innate cell’s 

pattern recognition molecules and receptors (PRRs) (Degn and Thiel, 2013; Chu and 

Mazmanian, 2013; Kamdar et al., 2013). Additionally, PRRs can identify danger-associated 

molecular patterns, DAMPs, that come from the body’s own injured and/or dying cells (Månsson 

Kvarnhammar et al., 2013); indicating that trauma/stress also results in an immune response 
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(Gallo and Gallucci, 2013). Once PRRs become activated, the inflammatory process is initiated, 

which involves leukocyte recruitment to the area, activation of antimicrobial activity, and 

triggering of an adaptive immune cell response (Boltaña et al., 2011). 

An adaptive response can manifest itself in a couple of ways depending on whether the 

innate immune system has encountered a particular pathogen before. If the immune system is 

naïve to a certain infectious agent, the adaptive immune response requires up to 5 days to 

undergo clonal expansion of antigen-specific T and B cells to build up a large enough response 

to the particular “invader” communicated by the innate system (Turvey and Broide, 2010). If the 

same infectious agent reappears, the adaptive response initiates much more quickly due to an 

“immune memory”. This is triggered either by the communication received from innate cells that 

came into contact with the familiar pathogen or by adaptive cells that interacted with the 

pathogen directly (Dudek et al., 2013). In terms of PRRs, the difference between innate and 

adaptive immunity is that adaptive immune cells can respond to a nearly infinite amount of 

“self” and “non-self” patterns (Williams et al., 2010), whereas innate cells recognize only a finite 

number of pathogen patterns (Pang and Iwasaki, 2012; Walsh and Mills, 2013; Moutsopoulos et 

al., 2007). 

Various studies have demonstrated the importance the microbiome plays in immune 

responses. In the entire body, the gut mucosa represents the foremost location where adaptive 

immune cells come into contact with antigens (Vieira et al., 2013). Here adaptive immune cells 

can be altered by the presence or absence of particular bacterial species (Fujimura et al., 2013) 

via pro- and anti-inflammatory pathways and epithelial cell-mediated signals (Malmuthuge et al., 

2013). Moreover, in the gut,  
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commensal bacteria-sensing by PRRs…prime the immune system in preparation 

for microbial defense against viruses and other pathogenic organisms (Pang and 

Iwasaki, 2012).  

 

Intestinal epithelial cells expressing PRRs monitor the gastrointestinal microbes using receptors 

such as Toll-like Receptors (TLRs) and Nod-like Receptors (NLRs) and may oversee the 

activation of dendritic cells (DCs) (Trevisi et al., 2013). T cells are also found in mucosal sites 

(e.g., Peyer’s patches and follicles) sampling intraluminal antigens and waiting for co-

stimulatory signals from DCs to become activated (Meresse and Cerf-Bensussan, 2009). 

To summarize, feed supplements that modify immune function may interact with the 

immune system directly, indirectly, or both. This is done via stimulating immune cells involved 

in the gastrointestinal detection system and altering the microbiome of the GI tract which 

produces down-stream signals. Abt and Artis (2013) state that “commensal bacteria-derived 

signals are critical in regulating host-defense mechanisms” against both the pathogens found at 

mucosal sites, such as the gut, as well as elsewhere in the body. These immunostimulatory feed 

supplements may also improve gut barrier function and result in the prevention and treatment of 

several diseases; however, the mechanisms of these additives that regulate immunity have yet to 

be fully understood (Romeo et al., 2010). 

 

Innate Cells and Function 

 

Innate immune cells are residentially located in two areas of the body. Those found in 

tissues (macrophages and mast cells) and the so-called white blood cells in the blood: 

monocytes, neutrophils, DCs, natural killer (NK) cells, eosinophils, and basophils (Lacy and 
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Stow, 2011). These all play important roles in discriminating between self and non-self 

(Tapping, 2009) which is accomplished via PRRs including TLRs, NLRs, RIG-I-like receptors, 

and others (Krishnaswamy et al., 2013). As a whole, these cells confer protection yet each group 

is decidedly unique in the specific role it plays to survey and restore health to the body. 

Macrophages are known as phagocytic cells and also as antigen presenters, cytokine 

producers, regulators of T cell function, and participants in tissue regeneration after an 

inflammatory event (Kiss et al., 2013). When activated, these cells protect against bacteria, 

viruses, protozoa, and parasites as well as promote type 1 T helper (Th1) and type 17 T helper 

(Th17) responses (Lichtnekert et al., 2013). 

Mast cells originate from bone marrow, travel throughout the blood vascular system as 

immature progenitor cells, and finish development in tissues. Tissues that are exposed to the 

environment, such as the lungs and GI tract, contain a greater number of mast cells (Kumar and 

Sharma, 2010a). They are also key components in allergic reactions and defense against certain 

bacteria and parasites (Salinas et al., 2009). 

Monocytes act as phagocytes and, when PRRs bind to an antigen, the cell produces 

inflammatory cytokines that will further direct a specific immune response to recruit and activate 

other immune cells, including T helper cells (Lee et al., 2012b). Monocytes, with a potential to 

differentiate into DCs and macrophages (Qu et al., 2013), are released from bone marrow and 

travel through the blood to migrate into various tissues in the body (Lichtnekert et al., 2013). 

Neutrophils are the first cells to be recruited from the blood to an area of inflammation 

and are later followed by monocytes (Arnhold and Flemmig, 2010). They are responsible for the 

invader’s elimination via phagocytosis, secreting destructive molecules such as enzymes and 
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reactive oxygen intermediates (Tamassia and Cassatella, 2013), and release of neutrophil 

extracellular traps plus activating other immune cells such as macrophages and DCs (Kumar and 

Sharma, 2010b). They typically battle bacteria and fungi and undergo apoptosis after activation 

(Futosi et al., 2013). 

Dendritic cells act as the main link between innate and adaptive immunity. They 

constantly take in and process antigens found throughout the body and subsequently present 

these to T cells in lymph nodes to induce a specific inflammatory or tolerogenic response (Kiss 

et al., 2013). 

Natural killer cells, termed lymphocytes of the innate immune system (Orange, 2013), 

also arise from progenitor cells originating from the bone marrow and will search out and 

directly kill pathogen-infected or malignant cells (Yu et al., 2013). These cells aim for pathology 

and mortality prevention and will also encourage adaptive immune responses once activated 

(Campbell and Hasegawa, 2013). They are especially useful in detecting viruses that have 

evaded cytotoxic T cell notice (Orange, 2013). 

Eosinophils as granulocytes, at least in humans and mice, can typically be found in the GI 

tract, adipose tissue, uterus, secondary lymphoid tissues, and thymus as well as wherever there is 

an area of inflammation (Lee et al., 2012a). They are short lived cells that release granule 

proteins and reactive oxygen species prior to undergoing eventual apoptosis (Yang et al., 2011). 

It has been inferred that eosinophils play a part in allergies and parasitic infections (Pereira et al., 

2011). 

Basophils are found in low frequency in mammalian peripheral blood, contain histamine, 

and contribute significantly to type 2 T helper (Th2) inflammatory response (Siracusa et al., 
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2013). They secrete a large amount of interleukin (IL)-4, which can directly influence Th2 cell 

differentiation in lymph nodes for immune responses against nematodes; and they reportedly 

phagocytose, process, and present antigens to T cells (Voehringer, 2011). They are also major 

players in allergic responses (Böhm et al., 2012).  A summary of the above-mentioned 

leukocytes, locations, and primary functions are presented in Table 1.  

As mentioned earlier, innate cells contain PRRs, including TLRs, NLRs, RIG-I-like 

Receptors, and C-type Lectin-like Receptors (Selvanantham et al., 2013), that bind pathogen-

specific patterns of peptidoglycans, flagellin, lipoproteins, lipopolysaccharides, and nucleic acids 

(Sugiura et al., 2013; Hart and Tapping, 2012; Uciechowski et al., 2013). Binding PAMPs 

triggers the production of pro-inflammatory cytokines and chemokines and, ultimately, the 

elimination of the infectious agent (Hart and Tapping, 2012). A summary of pathogen receptors 

in mammalian species is presented by Figures 1 and 2.  

TLRs are conserved among eukaryotes, ranging from sponges to plants to fish to 

mammals (Novák, 2014; Wei et al., 2011). They are found on both epithelial and immune cells 

(Kamdar et al., 2013) having both extracellular (TLR1, 2, 4, 5, 6, 10) and endosomal (TLR3, 7, 

8, 9) binding sites to monitor PAMP presence (Manoury, 2013; Hart and Tapping, 2012; 

Mallard, 2012). In mammals, at least 12 TLRs have been identified and each will respond to a 

different set of PAMPs (Yao et al., 2012; Mallard, 2012). All TLRs have MyD88 as a down-

stream adaptor protein, except TLR3, which uses the TRIF adaptor protein (Mallard, 2012). 

Figure 3 presents a summary of the TLRs and their ligands; Figure 4 displays the signal 

transduction mechanisms that follow activation of the TLRs. 
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As mentioned, activation of TLRs initiates an immune response, which includes the 

recruitment of (more) DCs and other antigen-presenting cells to the area, and are important 

components in linking together innate and adaptive immunity (Sugiura et al., 2013; Manoury, 

2013; Uciechowski et al., 2013). The old adage “what goes up, must come down” also applies to 

the inflammatory response triggered by TLRs. Hence, anti-inflammatory reactions are also 

induced via these receptors in innate immune cells, and evidently in some adaptive immune cells 

as well (Dunne et al., 2011), in order to halt and/or recover from an inflammatory event. 

 

Bridge from Innate to Adaptive Activation 

 

 If an infection persists despite an innate response, then innate cells, typically 

macrophages and DCs (Lichtnekert et al., 2013), will initiate an adaptive response to clear the 

pathogen (Wood, 2012). DCs with PRRs that have come into contact with a pathogen will up-

regulate cell-surface proteins such as MHC I and II and co-stimulatory molecules, as well as 

release inflammatory cytokines that function to prime T cells and manipulate the adaptive 

response (Zhao et al., 2009). This is the process in sequential order: stimulated DCs will travel to 

lymphoid tissues and form an “immunological synapse,” a structure that allows transmission of 

signals with T cells to initiate their activation. Activated T cells will consequentially form an 

immunological synapse with B cells for their additional activation (Cahalan and Parker, 2005). 

Once activation occurs, then adaptive immune cells will target the infectious agent alerted to 

them by the DCs. 



12 

 

 

T cells need 2 signals to be activated, proliferate, and secrete cytokines: signal 1 requires 

its CD3/T cell receptor complex to bind to an antigen; and signal 2 requires co-stimulatory 

signals (Lancioni et al., 2009), such as CD80 and CD86 on the antigen-presenting cell, that will 

bind to CD28 on the T cell (Fuse et al., 2011). Activated DCs express larger amounts of CD80 

and CD86 that are responsible for kick-starting the cellular immune response that leads to T cell 

activation (Oberg et al., 2011). Figures 15 and 16 give a visual depiction of this process. 

 

Adaptive Cells and Function 

 

 As indicated earlier, T and B cells with their various subsets, make up the cell types seen 

in the adaptive immune system (Williams et al., 2010). These cells also express PRRs (like TLRs 

and NLRs) to sense pathogen presence (Michallet et al., 2013). Their development occurs in two 

areas of the body; T cells in the thymus, and B cells in the bone marrow. These cells travel to 

areas such as lymph nodes and the spleen, where they will come into contact with antigens and 

become activated, typically by innate immune cells (Bonilla and Oettgen, 2010).  

Several forms of T cells exist and their differentiation is directed by both co-stimulatory 

molecules and cytokines present in the environment (Libregts et al., 2011). CD4
+
 T cells give 

rise to T helper cells and CD8
+
 T cells develop into cytotoxic T cells purposed to kill cells 

infected with virus(es) (Wood, 2012). For CD4
+
 T helper cells  the cytokine interferon-γ 

produces Th1 cells against intracellular bacteria and viruses; interleukin (IL)4 produces Th2 cells 

against parasites; IL17 produces Th17 cells against extracellular bacteria and fungi, and 

IL10/TGF-β produces Treg cells to promote tolerance and control of inflammation (Walsh and 



13 

 

 

Mills, 2013). The activation and differentiation of different T-cell subsets and their functions 

mentioned are given in Table 2. 

T helper cells will activate B cells and direct their immunoglobulin (Ig) expression for 

antigen specific antibody production (Ponnuswamy et al., 2012). This involves B cells 

differentiating into plasma cells that secrete antibodies such as IgM, IgD, IgA, IgG, and IgE (van 

de Veen et al., 2013). Memory B cells also differentiate after activation, though are not put to use 

until re-infection whereby they act rapidly to produce the specific antibody needed to clear the 

same infection quickly (Capolunghi et al., 2013).  

Of course, communication between innate and adaptive immune systems is not one-

sided. Activated adaptive cells will participate in a type of feed-back loop and stimulate innate 

cells to amplify their own responses to the invader; such as Th1 cells with macrophages, Th2 

cells with eosinophils, and B cells with phagocytic cells, NK cells, and mast cells (Zhao et al., 

2009).  

 

OmniGen-AF Supplementation 

 

Published Data on OmniGen-AF 

 

 OmniGen-AF has been sold as a nutritional supplement that augments the immune 

system and has received favor both domestically and internationally. Over the last several years 

numerous abstracts and manuscripts have been published that describe the effects of OG on 

molecular and physiological endpoints. The majority of this research has been performed with 
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the belief that the product rescues an animal’s immune system in a stress and/or 

immunosuppressive event. Consequently, blood neutrophils, as part of the innate immune 

system, have received the majority of study (as well as other physical parameters) around the 

time of parturition, a time when the animal’s immune system is naturally suppressed.  

 Wang et al. (2007) conducted a study in which the effects of OG were assessed in sheep 

that were immunosuppressed, as well as suppressed with mold-challenge. This resulted in 5 

treatment groups of: control, immunosuppressed, suppressed and supplemented with OG, 

suppressed and pathogen-challenged, and suppressed with pathogen-challenge and supplemented 

with OG. (Pathogen-challenge treatments were fed moldy feed that tested positive for 

Aspergillus fumigatus DNA.) Blood samples were taken and neutrophils were purified and 

analyzed via Western blot to quantify L-selectin and IL1β protein expression as markers of 

immune health. Results indicated that neutrophils from sheep in the immunosuppressed 

treatment exhibited lower expression of the two markers, suggesting a suppressed innate immune 

system. Immunosuppressed sheep receiving OG supplementation with no pathogen challenge 

showed a distinct improvement in L-selectin with a moderate increase of IL1β. The 

immunosuppressed, OG supplemented group that received the pathogen challenge also showed a 

similarly restored neutrophil response with a noted IL1β presence. Their concluding statement 

remarks  

the product has the potential to alter innate immune function and that its effects 

are manifest in the neutrophil (Wang et al., 2007). 

 

 In a follow-up study Wang et al. (2009) looked at the effects of the supplement on gene 

expression in neutrophils from peri-parturient Jersey cows. Microarray analysis was completed 

as well as a BoTL-5 array (1,500 genes). The arrays were performed after parturition on 
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neutrophil RNA and showed 18 genes that differed in gene expression. Of these 18, twice as 

many genes were up-regulated as down-regulated and  

indicated that the additive might alter neutrophil apoptosis, signaling and 

sensitivity (Wang et al., 2009).  

 

 Rowson et al. (2011) discovered in a mouse model of mastitis that feeding the product for 

2 weeks prior to an intra-mammary pathogen challenge significantly reduced mammary tissue 

accumulations of DNA from 3 bovine pathogens (S. uberis, E. coli, and S. aureus), but not from 

Klebsiella pneumoniae. In addition to the pathogen challenge, the authors also wished to identify 

a mode of action. Based on results, they speculated that the product increases the inflammatory 

response and antigen presentation within the mammary gland due to higher mRNA expressions 

of myeloperoxidase and Major Histocompatibility II in the tissue (Rowson et al., 2011). 

Recently, Nickerson et al. (2013) conducted a study with 80 gestating dairy heifers that 

showed the treatment group of OmniGen-AF (n = 40) had increased whole blood L-selectin and 

IL8 leukocyte expression, as well as increased phagocytic activity and ROS generation at 

varying times following OG supplementation. A secondary study followed a subset of these 

cows through their lactation cycle (n = 24) and the data revealed a reduction in mastitis amongst 

quarters at d 3 and 10 post-partum; however, no differences were observed on d 30-60 when 

compared against control animals. Additionally, somatic cell count (SCC) remained lower in 

OmniGen-treated cows with an increase in milk production of 2.4 lbs per d by wk 1; 7.7 lbs by 

wk 3; and 7 lbs by wk 5. The authors then concluded that no differences between treatments 

were seen pre-partum, but the feed additive effects were displayed near parturition when there is 

increased risk of intra-mammary infections, high somatic cell counts, and depressed production 

(Nickerson et al., 2013). 
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 Ryman et al. (2013) assessed the effects of feeding OG to Holstein heifers on several 

markers of immune function (e.g., whole blood L-selectin and IL8R mRNA concentrations, 

phagocytosis, and ROS generation). This was a long-term study, extending through 15 mo. 

Feeding OG increased expression levels of L-selectin and IL8R mRNAs at some, but not all, 

time-points. The product had little effect on ROS generation although it did significantly increase 

phorbol myristate-stimulated ROS generation at one time-point. Feeding OG increased the 

ability of neutrophils to both bind to and sequester E. coli and S. uberis (the latter effect being 

interpreted as phagocytosis) at multiple time points, 30-d and 60-d, following introduction of the 

additive. The authors suggested that the supplement stimulated the immune system against 

bacterial challenges by interacting with lymphoid tissues in the gut; thus implicating a 

connection between nutrition and an innate immune response. 

 The evolution of research around the OG product began with looking at an innate 

immune cell, the neutrophil, and its various markers and modes of action. Then, evaluating stress 

events and a mouse mastitis model led to additional studies occurring around the time of 

parturition in dairy cows and apparent benefits besides a stronger immune system. This present 

study is taking the next step in evaluating both components of the immune system, the innate and 

adaptive systems, to determine whether there is any interaction and any potential immune 

markers that may be identified in whole blood. 

 

Bioactive Components in OmniGen-AF 
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 OmniGen-AF is made up of a blend of ingredients, but a list on the product label is 

provided for the consumer. Among those ingredients listed are silicon dioxide, aluminosilicate, 

brewers dehydrated yeast, dried Trichoderma longibrachiatum formation products, and B-

complex vitamins. These ingredients have been proven by the scientific community at large to 

have biological properties that may improve production or stimulate the immune system and the 

proprietary blend contributes to the efficacy of the product. 

 As reported by Price et al. (2013), silicon is important for bone formation and 

maintenance, and, in the form of silicon dioxide (SiO2), a major component of sand, rocks, and 

clays, it is used by the feed industry to prevent caking of powders. Although a poor source of 

dietary silicon (Price et al., 2013), human in vitro testing of the nanoparticle type indicates that 

inhalation of SiO2 stimulates IL1β secretion of human bone marrow-derived macrophages, THP-

1 cells, and keratinocytes (Bauer et al., 2012).  

 Jung et al. (2010) state that aluminosilicate is the component that makes up the majority 

of clay minerals and has immunoregulatory properties. Studies report aluminosilicate binds with 

high affinity to MHCII, stimulates ROS production when phagocytized, and amplifies expression 

of pro-inflammatory cytokines. It is also added to animal feeds as an absorptive agent to bind 

aflatoxins (Biagi, 2009; Arana et al., 2011).  

 Brewers yeast, Saccharomyces, is a by-product of the brewing industry and is commonly 

used as animal feed (Ferreira et al., 2010). Consuming yeast cell wall, in general, reportedly 

binds pathogens, modulates the immune system, and nutritionally contains high levels of B 

vitamins, protein, and minerals (Ganner and Schatzmayr, 2012). The cell wall of brewers dried 

yeast contains mannan oligosaccharides which reduces intestinal pathogen colonization plus 
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modulates the immune system (White et al., 2002). Also in the cell wall are beta-glucans, a 

major structural component, that stimulate the immune system and can vary in their immune 

effects depending on the source of the material (Auinger et al., 2013). 

 Species of the Trichoderma genus are worldwide, soil-borne fungi with several strains 

being developed as biological fungicides; T. longibrachiatum especially is a source of antifungal 

drugs against Candida and Aspergillus species (Schuster and Schmoll, 2010). Further 

applications of T. longibrachiatum include plant disease control, and as a producer of hydrolytic 

enzymes that act on various substrates and metabolites which can be used for other purposes 

(Lorito et al., 2010). These enzymes, such as chitinases and β-1,3-glucanases, serve the fungus as 

a defense/parasitism mechanism against other fungi to degrade others’ cell walls (Guigón-López 

et al., 2013). 

 B-complex vitamins, including thiamine, riboflavin, niacin, pantothenic acid, pyridoxine 

hydrochloride equivalents, and biotin, along with other vitamins and minerals, are important for 

optimal immune function (Chase, 2012; Mihhalevski et al., 2013; da Silva et al., 2010). Although 

it has long been believed that ruminants do not need to be supplemented with B-complex 

vitamins, since it is found in their diet and synthesized by their ruminal microbiome, studies are 

showing some benefits to supplementation (da Silva et al., 2010). Dairy cows given niacin 

increased milk production by roughly 0.5 kg (Fuquay and Weiss, 2011). Additionally, biotin may 

help in the prevention and reduction of hoof wall problems and positively impact sole growth (da 

Silva et al., 2010). 

 

Information Lacking from Literature 
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 Several studies have shown that OmniGen-AF elicits neutrophil function and physiology 

changes via altered mRNA and protein concentrations, as well as ROS generation and 

phagocytosis. However, these parameters represent only a small aspect of the immune system. 

Additional experiments are needed to monitor effects of the additive on other innate and adaptive 

cell types in order to gain a more holistic understanding of the impact the additive has on the 

entire immune system. 

Most of the previous studies have examined the immunological effects of the additive in a 

long-term (e.g., 28-day) situation. Little is known of the additive’s shorter-term effects. 

Neutrophils have a normal life-span of 5.4 days in humans and 0.75 days in mice (Simon and 

Kim, 2010) and perhaps somewhere in between for cattle. It stands to reason that changes are 

occurring earlier that will impose a delayed impact on these short-lived cells. Moreover, 

purifying blood for neutrophils is an additional step in the analysis process. If whole blood could 

be used instead, results could be generated more quickly and potentially more accurately as cells 

are processed for RNA sooner and handled less.  

Since innate and adaptive immune cells function in tandem, another logical step in research 

on this product is to tease-out any data on adaptive immune cell performance. Little study has 

been done to evaluate effects of the additive on T and B cells or the specific action that bridges 

innate and adaptive immunity. 

Another area that is lacking scientific review is the proposed core mode of action; i.e., how 

does the additive interact with its target tissue (GI tract) and elicit changes in immune function 

days and weeks later?  This research would require more invasive procedures to collect samples 
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which may not be practical in larger animals such as dairy cows. However, a model animal might 

be useful for such investigations. 

This document will attempt to answer a few of the holes in the literature for this supplement 

product. Specifically, whole blood will be used in order to address the effect of the additive on 

both innate and adaptive cell types (in a type of pathway analysis), as well as testing weekly 

time-points prior to 28 days of supplementation to determine potential molecular markers of OG 

feeding.  
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Figure 1. Summary of TLR & NLR Signaling Pathways. 

http://www.invivogen.com/docs/TLR-NLR-signaling.pdf 
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Figure 2. Summary of C-type Lectin-like Receptors, Rig-I-like Receptors, and Cytosolic dsDNA 

sensors. 

http://www.invivogen.com/docs/CLR-RLR-CDS-signaling.pdf 
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Figure 3. Summary of Toll-like receptors, their location in the cell, and their ligands.  

http://www.nature.com/nrc/journal/v9/n1/fig_tab/nrc2541_F1.html 
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Figure 4. Summary of the signal transduction mechanisms that follow activation of the TLRs.  

http://www.abcam.com/ps/CMS/Images/TLR_signaling_701x361.jpg 
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Figure 5. Process required for the activation of T cells.  

http://www.nature.com/nri/journal/v3/n12/images/nri1246-f1.jpg 
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Table 1. Summary of immune cells in the body.  

 
 

(Murphy et al., 2008) 
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Table 2. The different T cell subsets mentioned with the corresponding cytokine for their activation. 

 

 
 

Sethi et al., 2013; Luster and Tager, 2004 
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CHAPTER 3 – IDENTFICATION OF NOVEL IMMUNE MOLECULAR PATHWAYS 

AND RESPONSE MARKERS TO OMNIGEN-AF® SUPPLEMENTATION IN A RAT 

MODEL 

 

Abstract 

 

OmniGen-AF
®
 (OG; Prince Agri Products, Inc., Quincy, IL) is a feed additive containing 

brewers dehydrated yeast and B-vitamins that supports immune function in ruminant livestock.  

Targeted profiling of immune-associated genes in whole blood is an effective platform for 

identification of novel molecular pathways and immune response markers to feed additives with 

immune-altering properties.  The objectives of this study were to identify novel molecular 

pathways and immune response markers that are increased by dietary OG during a 28-d 

supplementation period.  We hypothesized that several immune-associated genes in whole blood 

are up- or down-regulated during a 28 d supplementation period.  Thirty-seven healthy, 

unchallenged, 180-200 g male CD rats received a diet containing 0 (control; n = 5, only 28 

days), 0.5% (n = 15), or 1% (n = 17) of OG for 7 (n = 4/group), 14 (n = 3 or 4/group), 21 (n = 3 

or 4/group), or 28 (n = 5/group) days.  Whole blood was collected at the end of the feeding 

periods.  RNA was purified from whole blood samples and used to generate cDNA that acted as 

template in the Rat Innate and Adaptive Immune Responses RT
2
 Profiler PCR array 

(SABiosciences).  Using PROC GLM, we compared cDNA abundance of immune-associated 

genes between control and supplemented groups (0.5 or 1%) with a P < 0.05 cut-off value for 

significance.  Of the 73 immune-associated genes that were expressed above the detection limit 

in >90% of all samples, 14 genes were altered overall and 8 genes were altered at both OG 
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supplementation dosages.  Three bacterial pattern recognition receptors TLR1 (0.5%: +2.01; 1%: 

+2.38), TLR6 (0.5%: +2.11; 1%: +2.34), and Nod2 (0.5%: +2.32; 1%: +2.23), two antigen 

presenting cell surface receptors Cd1d1 (0.5%: +1.75; 1%: +2.33) and Cd80 (0.5%: +2.45; 1%: 

+3.00), and the cell signaling molecule Mapk8 (0.5%: +1.87; 1%: +2.35) were up-regulated by 

OG supplementation.  In contrast, the Treg/Th2 marker Gata3 (0.5%: -2.16; 1%: -2.13) and IL10 

(0.5%: -1.98; 1%: -2.05) were down-regulated for the first 3 wk of OG supplementation.  Our 

results suggest that in whole blood of healthy, unchallenged rats, OG supplementation stimulates 

bacterial recognition and T-cell activation for the host defense against bacterial pathogens.  

Three genes Cd80, Mapk8, and TLR1 were consistently up-regulated after 7 d (Cd80: +2.82; 

MAPK8: +2.14; TLR1: +2.54 fold-change), 14 d (Cd80: +2.46; Mapk8: +2.04; TLR1: +1.87 

fold-change), 21 d (Cd80: +3.71; Mapk8: +2.66; TLR1: +2.66 fold-change), and 28 d of OG 

supplementation (Cd80: +2.09; Mapk8: +1.67; TLR1: +1.81 fold-change) and, thus, could serve 

as potential immune response markers to OG supplementation. 

 

Introduction 

 

 Supplementing livestock with natural products has grown in popularity with both 

consumers and producers.  In the past, sub-therapeutic levels of dietary antibiotics have been 

added into livestock feed to promote animal health, but this has led to widespread concern 

regarding antimicrobial resistance and negative impacts on human health (Oliver et al., 2011; 

Marshall and Levy, 2011).  As a result, sub-therapeutic application of antibiotics and veterinary 

pharmaceuticals has dramatically decreased in the US and is banned in Europe.  As an 
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alternative, dietary supplements are needed to contain and mitigate bacterial infections (Gaggìa 

et al., 2010) as well as to improve animal performance (Huyghebaert et al., 2011). 

One supplement, OmniGen-AF
®
 (OG; Prince Agri Products, Inc., Quincy, IL), has been 

shown to possess anti-mycotic properties and to augment biological markers of immune status 

(Ryman et al., 2013).  Several patents in the US and around the world have been awarded in 

support of OG’s biological properties (Forsberg and Puntenney, 2012).  Furthermore, field 

reports, collected over multiple years from dairy cattle across the US, indicate that 

supplementation with OG reduces somatic cell counts, mastitis, metritis, abortions, culls, and 

deaths (James D. Chapman, personal communication).  For example, Ryman et al. (2013) 

showed that Holstein heifers supplemented for 30 d with OG had significantly increased surface-

bound and internalized Escherichia coli in neutrophils.  Feeding OG to the same animals tended 

to increase binding and uptake of Staphylococcus aureus by neutrophils.  Nickerson et al. (2013) 

reported that cows supplemented for 5 wk with OG had increased milk production, decreased 

incidence of mastitis, and decreased somatic cell counts in milk. 

Limited information is available how supplementation with OG stimulates the immune 

system.  Targeted profiling of immune-associated genes in whole blood is an effective platform 

for identification of novel molecular pathways and immune response markers to feed additives 

with immune-altering properties.  The first objective of this study was to identify novel 

molecular pathways and immune response markers that are increased by dietary OG during a 28-

d supplementation period.  We hypothesized that dietary OG induces changes in immune-

associated genes in whole blood during a 28-d supplementation period, which may explain how 

OG supplementation stimulates the immune system. 
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When buying a feed additive, producers want to know quickly whether the product and 

the dosage are efficacious.  Therefore, the second objective of this study was to determine whole 

blood RNA markers that can be used as indicators of dietary response during the first 28 d of OG 

supplementation.  We used rats as an animal model.  Rodents are primarily used as animal 

models for research of immune function and infectious diseases, including a bovine mastitis 

model (Rowson et al., 2011).  We hypothesized that there are several whole blood RNA markers 

of immune function that are changed consistently during the first 28 d of OG supplementation in 

rats and, therefore, can be used as indicators of immune response to dietary OG. 

 

Materials and Methods 

 

Animals, Housing, and Diet 

 

Animals used in this study were maintained and handled according to the guidelines of 

the National Research Council (2011).  Sixty male, unchallenged, healthy CD rats (180-200 g, 6-

7 wk old) were received from Charles River Laboratories (Hollister, CA) and housed in a 

temperature modulated room at 20°C.  The room contained a lamp set on a 12:12 light/dark 

cycle, yet had windows and skylight access during the month of July. 

During a 9-d adaptation period, animals were maintained at a density of 4 per cage (26.67 

cm x 48.26 cm x 20.32 cm, Ancare, Bellmore, NY) and had ad libitum access to food (8604M, 

Harlan Teklad, Madison, WI) and water.  At the end of the adaptation period, rats were randomly 

assigned to 3 treatment groups.  The treatment consisted of 0 (control; n = 12), 0.5% of OG (n = 
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24), or 1% of OG (n = 24).  Feed was prepared by adding 5 or 10 g of OG to 995 g (0.5% OG) or 

990 g of basal diet (1% OG), respectively.  Batches of 1, 2, or 3 kg were made at a time.  Each 

batch was thoroughly hand-mixed in plastic containers for several minutes and stored with snap-

on lids.  During the feeding period, rats were housed 2 per cage and fed the 0.5 or 1% OG diets 

for 7, 14, 21, or 28 d (n = 6 per treatment group and time period).  The rats were managed such 

that, on d 28 of the study, the 5 time-points day 0 (only for control rats) and 7, 14, 21 and 28 d 

(the latter four only for OG-fed rats) were completed simultaneously, as shown in Figure 6. 

 

Blood Collection 

 

At the end of the feeding period, all animals were anesthetized via a mixture of ketamine 

(MWI, Boise, ID) and xylazine (MWI, Boise, ID) that was administered by a licensed 

veterinarian.  A cardiac blood sample (5-10 mL), using a 1”, 21-gauge Luer-Lok needle (cat. no. 

95057-205, VWR, Wayne, PA), was collected into a 12-mL syringe (cat. no. 15141-215, VWR) 

containing approximately 1 mL of Acid Citrate Dextrose Solution A (ACD, cat. no. 95029-290, 

VWR) as an anti-coagulant.  Blood samples were stored on ice and immediately transported to 

the laboratory. 

 

RNA Isolation, Concentration, and Quality 

 

Upon arrival at the lab, RNA was isolated for each sample from 1.5 mL of ACD-blood 

mixture according to manufacturer’s instructions (QIAamp RNA Blood Mini Kit, cat. no. 52304; 

Qiagen, Valencia, CA).  Furthermore, 500 μL from 4 randomly selected samples per treatment 
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and per treatment length were pipetted into RNAprotect Animal Blood Tubes (cat. no. 76554, 

Qiagen; Valenica, CA) and were stored at -20°C for later isolation. 

The initial RNA isolation protocol, which took 5 to 6 h, was as follows: As first step, the 

buffers RPE and RLT and a 70% ethanol (EtOH) solution was prepared.  Buffer RPE was 

prepared by mixing a bottle of Buffer RPE concentrate with 44 mL of 100% EtOH (Sigma 

Aldrich, Milwaukee, WI).  Buffer RLT was prepared by mixing 40 mL of Buffer RLT with 400 

µL of β-mercaptoethanol (Sigma Aldrich) in a 50-mL tube.  A 70% EtOH solution was prepared 

by mixing 15 mL of RNase-free water (included with kit) with 35 mL of 100% EtOH in a 50-mL 

tube. 

As second step of the initial RNA isolation protocol, erythrocytes were lysed and 

leukocytes were isolated.  Erythrocytes were lysed by combining 1.5 mL of ACD-blood mixture 

with 7.5 mL of Buffer EL in a 15-mL tube (cat. no. 21008-216, VWR).  The mixture was 

vortexed for 3 sec and then incubated for 10-15 min on ice.  During incubation, the sample was 

vortexed twice briefly.  After the incubation period, the sample was centrifuged at 400×g for 10 

min at 4°C in an Allegra X-22R centrifuge (Beckman Coulter, Brea, CA).  After centrifugation, 

the supernatant was discarded and the remaining leukocyte cell pellet was re-suspended with 3 

mL of Buffer EL.  The sample was vortexed for 3 sec and then centrifuged at 400×g for 10 min 

at 4°C. 

In the third step of the initial RNA isolation protocol, leukocytes were lysed and RNA 

was purified.  After centrifugation, the supernatant was discarded, and the remaining leukocyte 

cell pellet was re-suspended and lysed in 600 µL Buffer RLT. After vortexing, taking care that 

no visible clumps of cells remained, the lysed leukocytes were then added to a QIAshredder spin 
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column coupled with a 2-mL collection tube and centrifuged at 18,001×g for 2 min at 4°C.  The 

column was discarded and the resulting sample in the collection tube was mixed with 600 µL 

70% EtOH by pipetting up and down several times.  This mixture was then added onto a second 

spin column, which was connected to a QIAvac manifold (cat. no. 19413, Qiagen) to capture 

RNA.  The RNA binds to the filter of the spin column and is washed by adding 700 µL Buffer 

RW1 and two applications of 500 µL Buffer RPE.  To prevent EtOH contamination of the RNA 

sample, the column with the RNA bound to it was allowed to dry briefly (< 2 min.) on the 

running QIAvac.  In the final step, the column with the bound RNA was placed within a 1.5-mL 

centrifuge tube and RNA was eluted from the filter with 30 µL of RNase-free water and 

subsequent centrifugation at 18,001×g for 1 min at 4°C.  For additional RNA recovery, 30 µL of 

RNase-free water was added once more to the column and centrifuged at 18,001×g for 1 min at 

4°C. 

The RNA was purified for samples with > 500 ng/µL total RNA that had 260/280 values 

below 1.8.  First, 900 µL of 100% EtOH and 100 µL of 3 M Na-acetate, 0.1 M Mg-acetate 

(24.61 g Na-acetate and 1.42 g Mg-acetate dissolved in 100 mL double-deionized water), 

buffered to pH 5.2 with HCl, were added to a sample and stored at -20°C overnight.  Samples 

were then centrifuged at 4°C at 9,184×g for 10 min.  After centrifugation, the supernatant was 

removed and the RNA pellet re-suspended in 1 mL of 75% EtOH.  Samples were then 

centrifuged again at 4°C at 9,184×g for 10 min and the supernatant was removed.  The resulting 

RNA pellet was allowed to air dry for several min until no visible EtOH mixture remained (times 

varied for each sample).  The cell pellet was then dissolved in 30 µL of RNase-free water, and 

the purity of the sample was measured again using A260/280.  The number of samples that had 
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after the precipitation protocol > 500 ng/µL total RNA and 260/280 values above 1.8 were 4.  

The final samples containing the isolated RNA were stored at -80°C.   

The remaining 33 RNA samples were obtained by isolation from RNAprotect Animal 

Blood Tubes (cat. no. 76554, Qiagen; Valenica, CA) using the RNeasy Protect Animal Blood Kit 

(cat. no. 73224, Qiagen) according to manufacturer’s instructions.  This second protocol took 5 

to 6 h to complete.  First, samples were allowed to thaw and incubate at room temperature for 2 

h.  During that time Buffer RPE, 80% EtOH, DNase I stock solution, and DNase I incubation 

mix were prepared.  Buffer RPE was prepared by mixing a bottle of concentrated Buffer RPE 

with 44 mL of 100% EtOH.  The 80% EtOH was prepared by mixing 40 mL of 100% EtOH with 

10 mL RNase-free water in a 50-mL tube.  DNase I stock solution was prepared by injecting 550 

µL of RNase-free water into the vial containing DNase I via needle and syringe.  The DNase I 

stock solution was gently mixed by inverting the vial.  The DNase I incubation mix was made by 

combining 10 µL DNase I stock solution with 70 µL of Buffer RDD for each sample.  

In the second step, cells were lysed and homogenized.  The RNA protect tube with the 

sample was centrifuged at 5,000×g for 3 min (22°C; also throughout) and the supernatant 

discarded.  The resulting cell pellet was re-suspended with 1 mL of RNase-free water.  The 

sample was centrifuged at 5,000×g for 3 min, and the supernatant was discarded once more.  240 

µL of Buffer RSB was added to the resulting cell pellet.  The mixture was vortexed for cell lysis 

until no visible cell clusters remained.  The mixture was transferred into a 1.5-mL centrifuge 

tube, to which 200 µL of Buffer RBT and 20 µL of proteinase K were added.  The sample was 

vortexed for 5 sec and then incubated at 55°C in a shaker-incubator at 400 rpm for 10 min.  Next, 
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the sample was added to a QIAshredder spin column, which was connected to a 2-mL collection 

tube, and centrifugation at 18,001×g for 3 min. 

The third step for this RNA isolation protocol washed and DNase treated the sample.  

The supernatant was transferred to a new 1.5-mL centrifuge tube and mixed with 240 µL of 

100% EtOH via vortexing.  The sample was transferred to an RNeasy MinElute spin column 

coupled with a 2-mL collection tube and centrifuged at 8,000×g for 1 min to capture the RNA on 

the column.  The flow-through in the collection tube was discarded.  The column with the sample 

and the collection tube reassembled, and 350 µL Buffer RW1 was added to the column.  After 

centrifugation at 8,000×g for 15 sec, and subsequent flow-through removal, 80 µL of DNase I 

incubation mix was added to the column and allowed to incubate at room temperature for 15 

min.  This step allowed for the deactivation of any DNase present in the sample.  After the 

incubation period, 350 µL Buffer RW1 was added to the column, which was followed by 

centrifugation of the sample at 8,000×g for 15 sec.  The flow-through was again removed, and 

500 µL Buffer RPE was added to the column.  The sample was centrifuged at 8,000×g for 15 

sec.  Flow-through was disposed, and 500 µL of 80% EtOH was added to the column and spun 

again at 8,000×g for 2 min.  

The fourth and final step for the second protocol resulted in RNA isolation.  The spin 

column was placed in a new 2-mL collection tube and centrifuged at 18,001×g for 2 min with the 

column lid open to help remove EtOH.  Next, the spin column was placed in a new 1.5-mL 

collection tube and 30 µL Buffer REB was added.  The mixture was centrifuged at 8,000×g for 1 

min for RNA elution.  The eluate was incubated for 5 min at 65°C in the shaker-incubator to 
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denature the RNA and then immediately placed on ice for several minutes.  Samples were then 

stored at -80 °C. 

The RNA concentrations of samples were measured at 260 absorbance wavelength 

(Abs260) using the Multiskan GO microplate spectrophotometer (Thermo Scientific, Pittsburgh, 

PA).  The formula for calculating the concentration (ng/µL) on our specific machine was Abs260 

x 40 ng/µL x (10/0.52 mm). 

 

cDNA Synthesis, Quantitative Real-Time PCR Array  

 

Thirty seven samples had > 500 ng/µL total RNA and 260/280 values above 1.8 and, 

thus, were used cDNA synthesis.  Samples were distributed over the groups as follows: control 

group (n = 5), 0.5% (overall: n = 15; d 7: n = 4; d 14: n = 3; d 21: n = 3; d 28: n = 5), and 1% 

(overall: n = 17 d 7: n = 4; d 14: n = 4; d 21: n = 4; d 28: n = 5).  Five hundred ng/µL of RNA 

from each RNA sample was used to synthesize cDNA using reagents from the RT
2
 First Strand 

Kit (SABiosciences).  Not all 37 RNA samples were synthesized at once; this was accomplished 

in multiple batches.  First, we added to 500 ng of RNA (contained within a maximum of 8 µL of 

eluent), 2 µL of Buffer GE, and variable amounts of RNase-free water to bring the total volume 

to 10 µL in a 1.5-mL centrifuge tube.  The mixture was then incubated (Isotemp Waterbath 2LS-

M, Fischer Scientific, Pittsburgh, PA) for 5 min at 42C and, following immediately, chilled on 

ice for at least 1 min.   Next, 10 µL of reverse-transcription cocktail was added to 10 µL of the 

mixture.  The reverse transcription cocktail contained 4 µL of 5× Buffer BC3, 1 µL of Control 

P2, 2 µL of RE3 Reverse Transcriptase Mix, and 3 µL of RNase-free water per sample.  Sample 
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mixtures were incubated for exactly 15 min to facilitate cDNA synthesis.  The reaction was 

stopped by incubation at 95C (StableTemp Water bath, Cole-Parmer, Vernon Hills, IL) for 5 

min.  As last step, 91 µL of RNase-free water was added to the mixtures.  The cDNA samples 

were either stored at -80C or were immediately used for PCR analysis. 

All PCR array analysis was performed using the Rat Innate and Adaptive Immune 

Responses RT
2 

Profiler PCR Array (SABiosciences) profiles for expression of 84 immune 

response-associated genes, which are shown with their function in Table 3.  A single sample 

covered one 96-well plate. For each plate, a supermix was prepared in a multi-channel reservoir 

(cat. no. 89092-832, VWR).  The supermix contained synthesized cDNA (102 µL), which was 

mixed with 2× RT
2
 SYBR Green Mastermix (SABiosciences; 1,350 µL), and RNase-free water 

(1,248 µL).  The total volume for this mix was 2,700 µL.  For a 96-well plate, 25 µL of the 

mixture was loaded per well using an 8-channel pipettor.  The plate was then loaded into a 

BioRad CFX96 cycler (Hercules, CA) to perform the real-time PCR analysis.  The following 

two-step cycling program was used: Cycle 1 for 10 min at 95C; the following 40 cycles were 15 

sec at 95 C followed by 1 min at 60C. 

Cycle threshold (Ct) values were measured for all 37 array plates at the same location on 

the bottom third of the linear phase of the amplification curve.  The array plates included 84 

target genes as well as 5 housekeeping genes.  The 5 housekeeping genes were beta actin, lactate 

dehydrogenase A, ribosomal protein, large, P1, hypoxanthine phosphoribosyltransferase 1 

(Hprt1); and beta-2 microglobulin (B2m), and are shown with their function in Table 4.  Of the 5 

housekeeping genes, only Hprt1 and B2m were not significantly affected (P < 0.05) by treatment 

and, thus, were used as housekeeping genes.  Relative gene expression was calculated by 
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subtracting the average Ct value for the 2 housekeeping genes from the Ct value of the genes-of-

interest (i.e., calculating a ∆Ct as described by Livak and Schmittgen, 2001). 

 

Statistical Analysis 

 

∆Ct-values were analysed using PROC GLM in Statistical Analysis System, version 9.2 

(SAS Institute Inc., Cary, NC).  The fixed effect in the model was treatment (control, 0.5% d7, 

0.5% d14, 0.5% d21, 0.5% d28, 1% d7, 1% d14, 1% d21, and 1% d28).  To evaluate the overall 

effect of treatment and calculate fold-changes from the control group, we used the ESTIMATE 

statement.  We compared OG-fed rats with control rats to determine the overall effect of OG-

feeding.  We compared 0.5% OG-fed rats with control rats, 1% OG-fed rats with control rats, 

and 0.5% OG-fed rats with 1% OG-fed rats to evaluate overall group differences.  We also 

compared at each time point OG-fed rats (irrespective of dosage) with control rats.  In addition, 

we compared each of the 8 OG-fed rat groups with control rats.  Fold changes for gene 

expression data were calculated using the following formula: fold change = 2
-ΔΔCT

 = [(CTgene of 

interest - CThousekeeping genes)OG-Diet  - (CTgene of interest - CThousekeeping genes)Control Diet].  

All statistical tests are two-sided.  The P-values are not adjusted for testing of multiple genes.  

Statistical significance was declared at P < 0.05 and a tendency at 0.05 ≤ P < 0.10. 

 

Results 
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The gene expression of a total of 84 immune-associated genes was tested.  We restricted 

the statistical analysis to 73 genes, which had ≤ 10% of all samples with mRNA concentrations 

below the detection limit.  The results for the remaining 11 genes, amyloid P component, serum 

(Apcs); chemokine (C-C motif) ligand 12 (Ccl12); C-reactive protein, pentraxin-related (Crp); 

colony stimulating factor 2, granulocyte-macrophage (Csf2); interferon-alpha 1 (Ifna1); 

interferon beta 1, fibroblast (Ifnb1); interleukin 1 alpha (IL1a); interleukin 5 (IL5); interleukin 13 

(IL13); mannose-binding lectin protein C 2 (Mbl2), and myeloperoxidase (Mpo) were not further 

analyzed. 

Overall, 14 genes were significantly up- or down-regulated by OG supplementation 

during a 28-day supplementation period and are shown in Table 5.  Supplementation with OG 

up-regulated the mRNA levels of 9 genes, shown in Figure 7, which included 3 bacterial pattern 

recognition receptors: nucleotide-binding oligomerization domain containing 2 (Nod2: +2.27 

fold-change, 0.70 upper SE, 0.54 lower SE), toll-like receptor 1 (TLR1: +2.19 fold-change, 0.59 

upper SE, 0.46 lower SE), and toll-like receptor 6 (TLR6: +2.22 fold-change, 0.65 upper SE, 

0.50 lower SE); and 6 genes involved in T cell activation: 2 antigen presenting cell receptors for 

T cell activation: cluster of differentiation 1d1 molecule (Cd1d1: +2.02 fold-change, 0.48 upper 

SE, 0.39 lower SE) and cluster of differentiation 80 molecule (Cd80: +2.71 fold-change, 0.74 

upper SE, 0.58 lower SE); 2 genes involved in interleukin 1 signaling: interleukin 1 receptor, 

type I (IL1r1: +2.24 fold-change, 0.83 upper SE, 0.60 lower SE) and interleukin-1 receptor-

associated kinase 1 (Irak1: +2.08 fold-change, 0.65 upper SE, 0.50 lower SE); and 2 genes 

involved in tumor necrosis factor (TNF) signaling: Fas ligand (TNF superfamily, member 6) 

(Faslg: +1.84 fold-change, 0.58 upper SE, 0.44 lower SE) and  mitogen-activated protein kinase 
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8 (Mapk8: +2.10 fold-change, 0.48 upper SE, 0.39 lower SE).  Supplementation with OG down-

regulated mRNA concentrations of 5 genes, shown in Figure 8, which included 3 genes involved 

in T cell differentiation away from Th1 cells, the type 2 T helper cell (Th2) marker GATA 

binding protein 3 (Gata3: -2.15 fold-change, 0.38 upper SE, 0.46 lower SE), the Th2 and 

regulator T cell (Treg) marker interleukin 10 (IL10: -2.02 fold-change, 0.51 upper SE, 0.68 

lower SE), and the type 17 helper cell (Th17) marker signal transducer and activator of 

transcription 3 (Stat3: -1.64 fold-change, 0.32 upper SE, 0.40 lower SE); 1 gene involved in the 

complement system: complement component 3 (C3: -1.88 fold-change, 0.48 upper SE, 0.64 

lower SE); and 1 viral pattern recognition receptor: toll-like receptor 3 (TLR3: -1.50 fold-

change, 0.26 upper SE, 0.31 lower SE). 

Eight genes were significantly up- or down-regulated at both dosages by supplementation 

with OG during a 28-day supplementation period and are shown in Table 6.  Supplementation 

with OG up-regulated mRNA concentrations of 6 genes, shown in Figure 9, which were the 3 

bacterial pattern recognition receptors: Nod2 (0.5%: +2.32 fold-change, 0.78 upper SE, 0.58 

lower SE; 1%: +2.23 fold-change, 0.73 upper SE, 0.55 lower SE), TLR1 (0.5%: +2.01 fold-

change, 0.59 upper SE, 0.46 lower SE; 1%: +2.38 fold-change, 0.68 upper SE, 0.53 lower SE), 

and TLR6 (0.5%: +2.11 fold-change, 0.67 upper SE, 0.51 lower SE; 1%: +2.34 fold-change, 0.73 

upper SE, 0.56 lower SE); and 3 genes involved in T cell activation: 2 antigen presenting cell 

receptors for T cell activation: Cd1d1 (0.5%: +1.75 fold-change, 0.45 upper SE, 0.36 lower SE; 

1%: +2.33 fold-change, 0.59 upper SE, 0.47 lower SE) and Cd80 (0.5%: +2.45 fold-change, 0.73 

upper SE, 0.56 lower SE; 1%: +3.00 fold-change, 0.88 upper SE, 0.68 lower SE), and the TNFα-

activated cell signaling kinase Mapk8 (0.5%: +1.87 fold-change, 0.47 upper SE, 0.38 upper SE; 



51 

 

 

1%: +2.35 fold-change, 0.58 upper SE, 0.46 lower SE).  Supplementation with OG down-

regulated mRNA concentrations of 2 genes, shown in Figure 10, which were the Th2 marker 

Gata3 (0.5%: -2.16 fold-change, 0.41 upper SE, 0.50 lower SE; 1%: -2.13 fold-change, 0.39 

upper SE, 0.48 lower SE) and the Th2/Treg marker IL10 (0.5%: -1.98 fold-change, 0.53 upper 

SE, 0.72 lower SE; 1%: -2.05 fold-change, 0.54 upper SE, 0.73 lower SE). 

Supplementation with OG altered mRNA concentrations of genes similarly at both OG-

dosages.  Dosage differences were observed for only one gene, shown in Figure 11, Chemokine 

[C-C motif] ligand 5 (Ccl5; 1×: -1.34 fold-change, 0.28 upper SE, 0.36 lower SE; 2×: +1.05 fold-

change, 0.27 upper SE, 0.22 lower SE; P = 0.05). 

Three genes were significantly up- or down-regulated at each time point by OG 

supplementation during a 28-day supplementation period; these were Cd80 (Figure 12), Mapk8 

(Figure 13), and TLR1 (Figure 14).  The 3 genes were all up-regulated after 7 d (Cd80: +2.82, 

0.94 upper SE, 0.70 lower SE; Mapk8: +2.14, 0.59 upper SE, 0.47 lower SE; TLR1: +2.54 fold-

change, 0.82 upper SE, 0.62 lower SE), 14 d (Cd80: +2.46, 0.85 upper SE, 0.63 lower SE; 

Mapk8: +2.04, 0.59 upper SE, 0.46 lower SE; TLR1: +1.87 fold-change, 0.63 upper SE, 0.47 

lower SE), 21 d (Cd80: +3.71, 1.28 upper SE, 0.95 lower SE; Mapk8: +2.66, 0..77 upper SE, 

0.59 lower SE; TLR1: +2.66 fold-change, 0.90 upper SE, 0.67 lower SE), and 28 d of OG 

supplementation (Cd80: +2.09, 0.66 upper SE, 0.50 lower SE; Mapk8: +1.67, 0.44 upper SE, 

0.35 lower SE; TLR1: +1.81 fold-change, 0.56 upper SE, 0.43 lower SE).  The results for fold-

changes at each time point and at both concentrations for the remaining 6 genes that were overall 

significantly up-regulated are shown in the appendix in Figures 17-22.  The results for fold-

changes at each time point and at both concentrations for the remaining 6 genes that were 
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significantly down-regulated are shown in the appendix in Figures 23-27.  A proposed 

interaction of dietary OmniGen-AF with epithelial and immune cells in the mucosa, resulting in 

the mRNA expression changes of the 14 immune-associated genes is shown in Figure 15.  A 

proposed molecular mechanism in immune cells whereby OmniGen-AF supplementation 

induces mRNA expression changes of the 14 immune-associated genes is shown in Figure 16.  

Average daily gains were not significantly affected by OG feeding (results not shown). 

 

Discussion 

 

The purpose of this study was to identify novel molecular pathways and immune 

response markers that are increased by dietary OG during a 28-d supplementation period.  

Overall, 14 genes were significantly up- or down-regulated by OG supplementation during a 28-

day supplementation period.  Nine genes were up-regulated and included 3 bacterial pattern 

recognition receptors (Nod2, TLR1, and TLR6) and 6 genes involved in T cell activation: 2 

antigen presenting cell receptors for T cell activation (Cd1d1 and Cd80), and 4 genes involved in 

T cell activation by promoting IL1 signaling (IL1r1 and Irak1), and TNF signaling (Faslg and 

Mapk8).  Five genes were down-regulated and included a viral pattern recognition receptor 

(TLR3), a gene from the complement system (C3), and 3 genes involved in T cell differentiation 

away from Th1, the Th2 marker Gata3, the Th2/Treg marker IL10, and the Th17 marker Stat3. 

Previous studies have evaluated the effects of dietary OG on immune function in 

livestock.  Dietary OG restored after a 28-d supplementation period, specifically in 

dexamethasone treated (immunosuppressed) animals, innate and cell-mediated adaptive immune 
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function. The molecular indicators were L-selectin, a cell surface adhesion molecule that is 

primarily responsible for moving T cells to lymph nodes for acquisition and maintenance of 

memory, and into inflamed tissues (Dang et al., 2009; Chao et al., 1997); and IL1β mRNA levels 

from isolated neutrophils (Forsberg, 2004).  IL1β is a pro-inflammatory cytokine (Lecis et al., 

2013), the expression of which is induced by NFκB in response to bacterial recognition of TLR 

and that is associated with increased adhesion protein expression and immune cell infiltration 

(Koenig et al., 2014; Voronov et al., 2014).  In studies involving dexamethasone-treated sheep 

(Wang et al., 2007, 2004) and gestating dairy heifers (Nickerson et al., 2013), dietary OG 

increased L-selectin gene and protein expression in sheep (protein concentrations in OG-

supplemented dexamethasone-treated sheep were comparable to saline-treated control sheep 

whereas dexamethasone-treated, control sheep had decreased concentrations compared to saline-

treated control sheep) and heifers (increased blood leukocyte mRNA concentrations), and IL1β 

protein concentrations when a pathogen (mold) was present in the dexamethasone-treated sheep 

(resulting in a 2- to 3-fold increase in concentrations).  Additionally, dietary OG increased IL8 

mRNA levels in blood leukocytes in gestating heifers (Ryman et al., 2013).  IL8, which is 

induced by NFκB, is a chemokine that acts as a chemo-attractant for neutrophils.  Dietary OG 

promoted the innate immune response in dairy cows, as indicated by increased neutrophil 

activity, measured by increased reactive oxygen species (ROS) production and greater 

phagocytosis of Escherichia coli (Ryman et al., 2013; Nickerson et al., 2013). Dietary OG also 

promoted the humoral adaptive immune response; OG supplemented beef calves had 82 d after 

J5 vaccination greater titer against J5 than un-supplemented calves (Forsberg et al., 2007). 
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The primary emphasis of the OG research so far has been on the long-term effect (over 

28 d of supplementation) of dietary OG on neutrophil function as well as the humoral adaptive 

immune response.  This study tried to fill a gap in knowledge by examining the effect of dietary 

OG gene during the first 28 d of supplementation in whole blood; specifically the expression of 

genes involved in the innate and cell-mediated adaptive immune response.  Our results suggest 

that that dietary OG prepares the host for defense against bacterial pathogens by increasing 

bacterial recognition and T-cell activation (Figures 15, 16). 

As first step, immune cells, including dendritic cells, need to detect the presence of a 

pathogen in order to contain and mitigate parasites, bacteria, or viruses.  Dietary OG increased 

during the 28-day supplementation period 3 bacterial pattern recognition receptors TLR1, TLR6, 

and Nod2.  We hypothesize that dietary OG in the intestinal lumen is recognized by dendritic 

cells in the intestinal cell wall (Figure 15).  The activated dendritic cells move to gut associated 

lymphoid tissue (GALT) or through the blood to other lymphoid tissue to activate T cells, which 

then move back to the blood for defense against bacterial pathogens (Figure 15).  The two cell 

surface bacterial pattern recognition receptors TLR1 and TLR6, and the cytosolic bacterial 

pattern recognition receptor Nod2, recognize a variety of bacterial membrane patterns, including 

tri-acylated lipoproteins (most common in gram-negative bacteria), di-acylated lipoproteins 

(most common in gram-positive bacteria), peptidoglycans (found within bacterial cell walls), as 

well as zymosan, a polysaccharide of yeast cell membranes (Porcherie et al., 2012; Zhang et al., 

2013; Turner et al., 2014; Mohanan and Grimes, 2014).  After binding to the bacterial cell wall 

fragments, TLR1 and TLR6 form on the immune cell surface heterodimer with TLR2 (Song et 

al., 2014; Oliveira-Nascimento et al., 2012; Dietrich et al., 2010).  As shown in Figure 16, once 



55 

 

 

a ligand binds to any or all of these 3 receptors, the MAPK and NFκB pathways are activated, 

resulting in secretion of cytokines and chemokines, including IL1β and IL8 (Turner et al., 2014; 

Zanello et al., 2013).  We showed in previous studies, that dietary OG increases IL1β and IL8 

mRNA expression (Wang et al., 2007; Ryman et al., 2013).  Previous studies in piglets and 

broiler chicken showed that yeast fermentation product and yeast cell wall components promote 

TLR2 and TLR4 mRNA expression in ileal tissue, respectively (Weedman et al., 2011; Yitbarek 

et al., 2012; Bai et al., 2013).  Similarly, in our study, TLR4 mRNA expression was up-regulated 

in whole blood at day 21 by OG supplementation (P = 0.02); and tended to be up-regulated 

overall (P = 0.05) and at day 7 (P = 0.06) by OG supplementation (results not shown).  

Conversely, we did not observe significant changes in mRNA expression of TLR2 (P = 0.39) in 

whole blood.  Furthermore, OG supplementation decreased mRNA expression of TLR3, a 

receptor located in cellular endosomes that recognizes viral double-stranded RNA ligands 

(Motavaf et al., 2014).  Thus, dietary OG may only promote a subset of microbial pattern 

recognition receptors, those associated with bacterial recognition.  In summary, our results 

suggest that dietary OG promotes bacterial recognition in the intestinal lumen, as shown in 

Figure 15. 

The next step that was significantly up-regulated by dietary OG was T cell activation 

(Figures 15, 16).  Two antigen presenting cell surface receptors, CD1d1 and CD80, were up-

regulated in whole blood by dietary OG.  CD1d1 is responsible for presenting lipid antigens to 

and activating natural-killer T cells for an immune response (Kunte et al., 2013).  CD80 is a 

membrane receptor on dendritic cells, as well as on B cells and macrophages (Liu et al., 2012), 

which activates together with CD86 naïve T cells (Bak et al., 2012).  Once a T cell has been 
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activated and matures, it will in turn stimulate B cells to proliferate and mature into plasma cells.  

These will secrete antibodies to aid in the removal of an infection (Kow and Mak, 2013).  

Previous studies had shown that yeast fermentation product induced the expression of CD80 and 

CD86 on B lymphocytes (Jensen et al., 2007, 2008).  The effect of yeast fermentation product 

was more significant on CD80 than on CD86 expression (Jensen et al., 2007; 2008).  In our 

study, OG supplementation increased mRNA expression levels of CD86 at day 21 (P = 0.02) and 

tended to increase CD86 mRNA expression levels overall (P = 0.10).  In summary, our results 

suggest that dietary OG stimulated T cell activation by promoting recognition of activated 

antigen presenting cells. 

In addition to promoting recognition of activated antigen presenting cells, dietary OG 

promotes T cell activation by promoting IL1 and TNFα signaling (Figure 16).  After binding 

bacterial cell wall, bacterial pattern recognition receptors induce IL1 and TNFα signaling 

through the MAPK and NFκB pathways (Figure 16), resulting in secretion of cytokines and 

chemokines, including IL1β and IL8 (Turner et al., 2014; Zanello et al., 2013).  Activation of 

IL1β signals through the IL1 receptor (IL1r) which is made up of both IL1r1 and IL1r2 units 

(Voronov et al., 2014; Bebes et al., 2014).  In our study, dietary OG up-regulated mRNA 

expression levels of IL1r1.  IL1r1 forms a heterodimer with IL1r acceptor protein after binding 

to IL1β (Voronov et al., 2014; Villeret et al., 2013).  IL1r1 induces activation and subsequent 

adhesions and infiltration of T cells through MyD88, Irak, TNFα, NFκB, and MAPK pathways 

(Voronov et al., 2014; Villeret et al., 2013; Sha and Markovic-Plese, 2011).  We observed 3 

other genes involved in IL1 and TNFα signaling: Irak1, Faslg, and Mapk8. All were up-regulated 

by dietary OG, which suggests that dietary OG supplementation induces IL1 and TNFα 
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signaling.  We previously showed that dietary OG up-regulated IL1β protein expression in 

peripheral blood neutrophils of dexamethasone-treated sheep that were challenged with moldy 

feed; however, this did not affect IL1β protein expression if the sheep were not challenged with 

moldy feed (Wang et al., 2007).  In this study, dietary OG did not significantly alter IL1β protein 

expression in whole blood (P = 0.50). 

Furthermore, our results suggest that dietary OG inhibits T cell differentiation away from 

a Th1 response, as indicated by a down-regulation of mRNA expression levels of Gata3 (Figure 

23), IL10 (Figure 24), Stat3 (Figure 25), and C3 (Figure 26).  As shown in Figure 16, Gata3 is 

a transcription factor that favors T cell development and differentiation toward a Th2 profile 

(Braunstein and Anderson, 2012; Naito et al., 2011; Yagi et al., 2011). Further confirming a 

decrease in Th2 differentiation, mRNA expression levels of IL10, a signature cytokine of Th2 

and Treg cells, was down-regulated (Qian et al., 2014).  Both genes were down-regulated only 

during the first 3 weeks of OG supplementation (Figures 23 and 24).  Stat3 is a transcription 

factor, which is induced by cytokines including IL10 for Th2 and Th17 differentiation (Yu et al., 

2013a).  Complement factor C3, once cleaved into C3a and C3b, modulates an adaptive immune 

response; where C3a is responsible for suppressing Th2 effector function and C3b acts as an 

opsonin (Khan et al., 2014; Kościelska-Kasprzak et al., 2014) to facilitate phagocytosis of the 

pathogen.  In summary, we identified 4 potential molecular pathways whereby dietary OG may 

promote immune function: 1) increased bacterial pathogen recognition, 2) increased antigen 

presenting cell recognition for T cell activation, 3) increased IL1 and TNFα signaling for T cell 

activation, and 4) inhibition of T cell development away from Th1 cells. 
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The second objective was to identify immune-associated response markers to dietary OG 

supplementation.  No gene was significantly increased at both OG dosages and each time point; 

however, there were 3 genes, CD80, TLR1, and Mapk8, that were significantly up-regulated at 

each time point (days 7, 14, 21, and 28), when combing both dosages.  Especially CD80 and 

TLR1 are promising, as they indicate increased bacterial pathogen recognition and T cell 

activation.  A limitation of the current study is the limited sample size and the use of only male, 

healthy, unchallenged rats, although immune responses in females are known to be stronger than 

in males (Furman et al., 2013).  Future studies are warranted to verify that dietary OG promotes 

bacterial pathogen recognition and T cell activation in ruminant livestock under various 

environmental conditions. 
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CHAPTER 4 – CONCLUSION 

 

In conclusion, our results suggest that in whole blood of healthy unchallenged rats OG 

supplementation stimulates bacterial recognition and T-cell activation for the host defense 

against bacterial pathogens.  Three genes Cd80, Mapk8, and TLR1 were consistently up-

regulated after 7, 14, 21, and 28 d of OG supplementation and, thus, could serve as potential 

immune response markers to OG supplementation.  Future studies are needed to determine the 

protein expression of these markers.  Moreover, further studies should be conducted to identify 

how dietary OG affects, via gene expression, changes in the function of innate immunity, cell 

mediated adaptive immunity, and humoral adaptive immunity. 
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Table 3. Potential marker genes evaluated in this study grouped by function. 

 

RefSeq Symbol Description Other 

Gene 

Name(s)* 

Cell Type Suggested Group 

(from SAB 

Biosciences) 

Protein Function (according 

to genecards.org) 

Pattern Recognition Receptor:     

Cell Surface       

NM_021744 CD14 CD14 

molecule 

- Various (primarily 

monocytes, 

myeloid cells, 

dendritic cells 

macrophages) 

Other Innate Gene Surface antigen that binds with 

LBP to LPS and delivers it to 

the MD-2/TLR4 complex; 

induces cytokine secretion & 

pro-inflammatory response; up-

regulates cell surface molecules, 

including adhesion molecules 

NM_022704 Mbl2 Mannose-

binding 

lectin 

(protein C) 2 

Ab2-001, 

Ab2-011 

Various (including 

all immune cells) 

Response to 

Bacteria 

Inflammatory 

Resp. Other Innate 

Gene Other 

Adaptive Gene 

Humoral Immunity 

Pattern recognition in the first 

line of defense (acute phase 

response protein) recognizes 

carbohydrate patterns, found on 

the surface of bacteria, viruses, 

protozoa and fungi; activates 

lectin complement pathway. 

NM_0011721

20 

TLR1 Toll-like 

receptor 1 

CD281 Various (primarily 

macrophages, 

neutrophils; 

myeloid, 

monocytes, NK, 

and dendritic cells) 

Pattern Rec. 

Receptor Response 

to Bacteria 

Pattern recognition receptor for 

PAMPs of gram-positive 

bacteria (di or triacylated 

lipopeptides) and yeast 

(zymosan); induces production 

of cytokines via MyD88, 

TRAF6, and TNFα; cooperates 

with TLR2. 

NM_198769 TLR2 Toll-like CD282 Various (primarily Pattern Rec. Pattern recognition receptor for 



61 

 

 

receptor 2 myeloid, 

monocytes, NK, 

and dendritic cells) 

Receptor PAMPs of gram-positive 

bacteria and fungi (di or 

triacylated lipopeptides); 

induces production of cytokines 

via MyD88, TRAF6, and TNFα; 

cooperates with Ly96, TLR1 

and TLR6; promotes Treg T 

cells and Th2 T cells 

NM_019178 TLR4 Toll-like 

receptor 4 

CD283 Various (primarily 

myeloid, 

monocytes) 

Pattern Rec. 

Receptor Response 

to Bacteria 

Th1 Marker 

Pattern recognition receptor for 

PAMPs of LPS of gram-

negative bacteria; cooperate 

with LY96 and CD14; acts via 

MyD88, TOLLIP TIRAP, 

TRAF6, leading to NFκB 

activation. 

NM_0011458

28 

TLR5 Toll-like 

receptor 5 

- Various (primarily 

myeloid, 

monocytes) 

Pattern Rec. 

Receptor 

Pattern recognition receptor for 

flagellin of motile bacteria.  

Acts via MyD88and TRAF6, 

leading to NF-kappa-B 

activation, cytokine secretion 

(TNFα) and the pro-

inflammatory response 

NM_207604 TLR6 Toll-like 

receptor 6 

CD286 Various (including 

immune cells) 

Pattern Rec. 

Receptor Response 

to Bacteria 

Th1 Marker 

Pattern recognition receptor for 

bacterial lipoproteins 

(diacylated and to lesser extent 

triacylated lipopeptides) of gram 

positive bacteria and yeast 

(zymosan) in collaboration with 

TLR2; induces production of 

cytokines via MyD88, TRAF6, 

and TNFα 
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Cytosolic:       

NM_0011066

45 

Ddx58 DEAD 

(Asp-Glu-

Ala-Asp) 

box 

polypeptide 

58 

- Various (primarily 

monocytes, 

myeloid cells, NK 

cells, and T cells) 

Pattern Rec. 

Receptor Response 

to Virus 

Innate immune receptor which 

acts as a cytoplasmic sensor of 

viral nucleic acids and plays a 

major role in sensing viral 

infection and in the activation of 

a cascade of antiviral responses 

including the induction of type I 

interferons and pro-

inflammatory cytokines. May 

play important roles in 

granulocyte production and 

differentiation, bacterial 

phagocytosis and in the 

regulation of cell migration. 

XM_220513 Nlrp3 NLR family, 

pyrin 

domain 

containing 3 

Cias1, 

NALP3 

Various (primarily 

myeloid, 

monocytes, and 

dendritic cells) 

Pattern Rec. 

Receptor Response 

to Virus 

Cytosolic protein with pyrin 

domain that inhibits TNFα 

pathway and activates caspase-1 

in response to bacterial or viral 

infection, leading to IL1B and 

IL18 release. 

NM_0011061

72 

Nod2 Nucleotide-

binding 

oligomerizat

ion domain 

containing 2 

Card15 Various (primarily 

peripheral 

leukocytes, 

myeloid cells, 

monocytes) 

Pattern Rec. 

Receptor Response 

to Bacteria 

Th2 Marker 

Humoral Immunity 

Cytosolic pattern recognition 

receptor that recognizes 

bacterial peptidoglycans and 

activates the NFκB pathway 

Endosome:       

NM_198791 TLR3 Toll-like 

receptor 3 

CD283 Various (including 

immune cells) 

Pattern Rec. 

Receptor Response 

to Bacteria 

Pattern recognition receptor for 

PAMPs of viruses (double-

stranded RNA); induces 
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Response to Virus production of IFN type 1 via 

IRF and pro-inflammatory 

cytokines. 

NM_0010975

82 

TLR7 Toll-like 

receptor 7 

RGD1563

357 

Various (primarily 

dendritic cells) 

Pattern Rec. 

Receptor Response 

to Virus 

Intracellular pattern recognition 

receptor for single stranded 

RNA in endosomes, a common 

feature of viral genomes 

internalized by macrophages; 

acts via MYD88 and TRAF6, 

leading to NF-kappa-B 

activation, cytokine secretion 

and the inflammatory response 

NM_198131 TLR9 Toll-like 

receptor 9 

CD289 Various (including 

immune cells) 

Pattern Rec. 

Receptor Response 

to Bacteria 

Intracellular pattern recognition 

receptor for unmethylated CpG 

sequences in DNA molecules, a 

feature of  bacterial genomes 

and DNA; acts via MYD88 and 

TRAF6, leading to NF-kappa-B 

activation, cytokine secretion 

such as IFN type 1 and IL12 and 

the pro-inflammatory response. 

Antigen presenting cell receptors for T cell 

activation 

   

NM_017079 CD1d1 CD1d1 

molecule 

Cd1, Cd1d Various (primarily 

monocytes, 

myeloid cells, 

dendritic cells, B 

cells) 

T-cell Activation Antigen-presenting cell surface 

protein that binds beta-2-

microglobulin as well as self or 

microbial glycolipids and lipids 

and presents them to T-cell 

receptors on NK T-cells. 

NM_134360 CD40 CD40 

molecule, 

Tnfrsf5 Various (primarily 

B-cells) 

Response to Virus 

Other Innate Gene 

Receptor for TNFSF5/CD40LG; 

essential for T cell-dependent Ig 
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TNF 

receptor 

superfamily 

member 5 

Other Adaptive 

Gene 

class switching, memory B cell 

development, and germinal 

center formation 

NM_012926 CD80 Cd80 

molecule 

B7-1 Various (B 

lymphoblasts) 

T-cell Activation 

Th1 Marker 

Antigen presenting cell 

membrane receptor activated by 

binding of CD28 or CTLA-4 on 

T cell surface; induces T-cell 

proliferation & activation and 

cytokine production. 

NM_020081 CD86 CD86 

molecule 

B7-2 Various (primarily 

monocytes, 

myeloid cells, 

dendritic cells, B-

lymphoblasts) 

T-cell Activation 

Th2 Marker 

Response to Virus 

 

Membrane receptor activated by 

binding of CD28 or CTLA-4 on 

T cell surface; induces T-cell 

proliferation & activation (early 

event), IL2 production; acts 

together with CD80. 

NM_012967 Icam1 Intercellular 

adhesion 

molecule 1 

CD54, 

ICAM 

Various (primarily 

vascular 

endothelial cells, 

leukocytes) 

T-cell Activation Cell surface glycoprotein which 

binds to integrins of type CD11a 

/ CD18, or CD11b / CD18; up-

regulated by cytokines; inhibit 

IL4 production by naïve T cells. 

T Cell Receptors involved in T cell activation:    

NM_012705 CD4
 

Cd4 

molecule 

W3, 25, 

p55 

Various (primarily 

monocytes, 

myeloid cells, 

dendritic cells, T-

helper cells) 

Th2 Marker 

Treg Marker 

Membrane glycoprotein that 

interacts with MHC class II 

antigens; may initiate or 

augment the early phase of T-

cell activation; induces 

aggregation of lipid rafts. 

NM_053353 CD40lg CD40 ligand CD154, 

Cd40k, 

Various (activated 

T cells) 

Other Innate Gene 

Other Adaptive 

Cell surface protein on T-cells; 

binds to CD40 on B-cell and 
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Tnfsf5 Gene macrophage cell surface; 

mediates B-cell proliferation. 

 

NM_031538 CD8a CD8a 

molecule 

- Various (primarily 

NK cells and T 

cells) 

Response to Virus 

Other Innate Genes 

Other Adaptive 

Gene 

Membrane co-receptor with the 

T-cell receptor on T 

lymphocytes to recognize 

antigens displayed by an antigen 

presenting cell in the context of 

class I MHC 

Molecules; involved in T-cell 

mediated killing. 

Transcription Factors for T Helper Cell Fate Determination:   

NM_0011082

50 

Foxp3 Forkhead 

box P3 

RGD1562

112 

Various Inflammatory 

Resp. Treg Marker 

Potential transcription factor 

that controls immune response 

(Treg cells). 

NM_133293 Gata3 GATA 

binding 

protein 3 

- Various (primarily 

NK cells, T-cells, 

lymphocytes) 

Th2 Marker 

 

T cell specific transcription 

factor which binds to the 

enhancer of the T-cell receptor 

alpha and delta genes; promotes 

secretion of IL4, IL5, and IL13 

from Th2 cells 

XM_347322 Rorc RAR-related 

orphan 

receptor C 

MGC1895

25, RORγ 

Various (including 

immune cells) 

Th1Treg Marker Nuclear transcription factor that 

may inhibit expression of Fas 

ligand and IL2; essential for 

development of several 

secondary lymphoid tissue 

including Peyer’s patches; 

promoting transformation of 

CD4
+
 T-helper cells into Th17 

cells. 
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NM_032612 Stat1 Signal 

transducer 

and activator 

of 

transcription 

1 

- Various (primarily 

immune cells 

except B-cells) 

Other Innate Gene 

Other Adaptive 

Gene 

Signal transducer and 

transcription activator that 

mediates cellular responses to 

IFNα, IFNγ, EGF, PDGF, HGF, 

LIF, BMP-2, IL6; activated 

during monocyte to macrophage 

differentiation; forms 

homodimers or heterodimers 

with STAT3 

NM_012747 Stat3 Signal 

transducer 

and activator 

of 

transcription 

3 

MGC9355

1 

Various (primarily 

immune cells) 

Inflammatory 

Resp. Th1Treg 

Marker 

Signal transducer and 

transcription activator that 

mediates cellular responses to 

IFNα, IFNγ, EGF, PDGF, HGF, 

LIF, BMP-2, IL5, IL31, and 

IL6; forms homodimers or 

heterodimers with STAT1; 

important for expression of 

acute phase response proteins; 

essential for differentiation of 

Th17 helper cells. 

NM_0010122

26 

Stat4 Signal 

transducer 

and activator 

of 

transcription 

4 

- Various (primarily 

NK cells and T 

cells) 

Th1 Marker Signal transducer and 

transcription activator required 

for development of Cd4+ T cells 

to Th1 cell and IFNγ production 

in response to IL12; induces 

secretion of IFNγ, TNFα, 

IL18R1, IL13R, IL18RAP, and 

MyD88. 

NM_0010442

50 

Stat6 Signal 

transducer 

and activator 

- Various (primarily 

immune cells) 

Th2 Marker 

 

Signal transducer and 

transcription activator required 

for Th2 cell differentiation, 
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of 

transcription 

6 

expression of cell surface 

markers, and class switch of 

immunoglobulin in response to 

IL4. 

NM_0011070

43 

Tbx21 T-box 21 - Various (primarily 

NK and T-cells) 

Th1 Marker Th1 cell-specific transcription 

factor that controls the 

expression of the hallmark Th1 

cytokine IFNγ; may play a role 

in differentiation of Th cells to 

Th1 rather than Th2 cells. 

Acute Phase Protein/Antimicrobial Proteins    

NM_017170 Apcs Amyloid P 

component, 

serum 

Sap Various (primarily 

liver) 

Inflammatory 

Resp. Other Innate 

Gene 

Extracellular glycoprotein 

whose primary function is being 

an acute phase protein 

NM_0011007

24 

Camp Cathelicidin 

antimicrobia

l peptide 

CRAMP Various (primarily 

immune cells) 

Response to 

Bacteria 

Antibacterial protein that binds 

to bacterial lipopolysaccharides 

(LPS); also involved in cell 

chemotaxis, immune mediator 

induction and inflammatory 

response. 

NM_017096 Crp C-reactive 

protein, 

pentraxin-

related 

Aa1249, 

Ab1-341, 

Ab2-196, 

Ac1-114, 

Ac1262, 

Ac2-069, 

Ba2-693 

Various (primarily 

liver) 

Inflammatory 

Resp. Other Innate 

Gene 

Other Adaptive 

Gene Humoral 

Immunity 

Extracellular glycoprotein 

whose primary function is being 

an acute phase protein 

 

NM_017208 Lbp Lipopolysac

charide 

binding 

MGC1246

26 

Various (more in 

liver) 

Response to 

Bacteria 

Other Innate Gene 

Extracellular acute phase 

protein that binds to LPS lipid A 

moiety of gram-negative 
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protein bacteria and directing it to the 

CD14 receptor mainly 

expressed by phagocytes 

NM_012771 Lyz2 Lysozyme 2 Lysz, Lyz, 

Lyz1 

Various (including 

monocytes, 

myeloid, dendritic, 

endothelial, and 

NK cells) 

Response to 

Bacteria 

Other Innate Gene 

Extracellular enzyme with 

bacteriolytic function (degrades 

bacterial cell wall) 

NM_0011070

36 

Mpo Myeloperoxi

dase 

- Various (primarily 

neutrophils; 

myeloid cells) 

Other Innate Gene Lysozymal peroxidase enzyme 

stored in neutrophils that has 

microcidal properties and is 

involved in phagocytosis. 

NM_0010316

58 

Slc11a1 Solute 

carrier 

family 11 

(proton-

coupled 

divalent 

metal ion 

transporters)

, member 1 

Bcg, Itg, 

Lsh, 

MGC1246

92, 

Nramp1 

Various (primarily  

myeloid and, 

monocytes) 

Response to 

Bacteria 

T-cell Activation 

Th1 Marker 

Divalent transition metal (iron 

and manganese) transporter 

involved in iron metabolism and 

host resistance to certain iron-

dependent pathogens; 

macrophage-specific membrane 

transport function; protects the 

macrophage against their own 

ROS 

Apoptosis:       

NM_012762 Casp1 Caspase 1 Ice, Il1bc Various (primarily 

immune cells: 

myeloid, 

monocytes, NK 

cells, dendritic 

cells, and T cells) 

Other Innate Gene Thiol protease that cleaves IL1β 

into its active form (pro-

inflammatory); also promotes 

apoptosis and activates sterol 

regulatory element binding 

proteins (SREBPs) 

NM_022277 Casp8 Caspase 8 - Various (for 

immune cells: NK 

Other Innate Gene Most upstream protease of the 

caspase activation cascade 
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cells, T cells) responsible for the 

TNFRSF6/FAS mediated and 

TNFRSF1A induced cell death 

(pro-apoptotic) 

NM_012908 Faslg Fas ligand 

(TNF 

superfamily, 

member 6) 

Apt1Lg1, 

CD95-L, 

Fasl, 

Tnfsf6 

Various (primarily 

NK cells and 

cytotoxic T cells) 

Other Adaptive 

Gene 

Transmembrane protein that 

binds to TNFRSF6/FAS, a 

receptor that transduces the 

apoptotic signal into cells; may 

be involved in cytotoxic T-cell 

mediated apoptosis and in T-cell 

development. 

Complement System:     

NM_016994 C3 Complement 

component 3 

- Various (primarily 

liver) 

Inflammatory 

Resp. Other Innate 

Gene Humoral 

Immunity 

Extracellular protein that 

activates complement system; 

function: lysis of 

microorganisms, promotion of 

phagocytosis, triggering 

inflammation and immune 

clearance 

NM_053619 C5ar1 Complement 

component 

5a receptor 1 

C5r1 Various (primarily 

neutrophils: 

myeloid, 

monocytes, NK 

cells, and dendritic 

cells) 

Response to 

Bacteria 

Other Innate Gene 

Humoral Immunity 

Receptor protein , which 

stimulates chemotaxis, granule 

enzyme release and superoxide 

anion production after binding 

to anaphylatoxin C5a 

NM_012711 Itgam Integrin, 

alpha M 

Cd11b Various (more in 

monocytes, 

myeloid, NK , and 

dendritic cells) 

Other Innate Gene 

Other Adaptive 

Gene 

Cell surface glycoprotein that is 

involved in adhesive 

interactions of monocytes, 

macrophages and granulocytes 

as well as phagocytosis of 
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complement coated particles. 

Chemokines and Chemokine Receptors”     

NM_013025 Ccl3 Chemokine 

(C-C motif) 

ligand 3 

MIP-1a, 

Scya3 

Various (for 

immune cells: 

myeloid, 

monocytes, NK 

cells, dendritic 

cells, B 

lymphoblasts) 

Innate Cytokine 

Adaptive Cytokine 

Extracellular small inducible 

monokine with pro-

inflammatory and chemokinetic 

properties after binding to Ccr 4 

and 5. 

NM_031116 Ccl5 Chemokine 

(C-C motif) 

ligand 5 

Rantes, 

Scya5 

Various (primarily 

immune cells: NK 

and T cells) 

Inflammatory 

Resp. Innate 

Cytokines 

Adaptive Cytokine 

Chemokine that attracts blood 

monocytes, memory T-helper 

cells and eosinophils and causes 

the release of histamine from 

basophils and activates 

eosinophils; ; ligand to Ccr 1, 3, 

4, and 5 

NM_0011058

22 

Ccl12 Chemokine 

(C-C motif) 

ligand 12 

MCP-5 Various (primarily 

immune cells) 

Innate Cytokine 

Adaptive Cytokine 

Humoral Immunity 

Mouse specific chemokine 

similar to human MCP-1; 

chemokine that attracts 

eosinophils, monocytes, and 

lymphocytes; ligand to Ccr 2; 

involved in migration of 

immune cells 

NM_133532 Ccr4 Chemokine 

(C-C motif) 

receptor 4 

Cmkbr4 Various (primarily 

immune cells) 

Th2 Marker 

Treg Marker 

 

Beta chemokine receptor for the 

chemokines MIP-1, CcL5, 

TARC and MCP-1, which are 

involved in migration of 

immune cells, as well as 

angiogenesis, apoptosis, T-cell 

differentiation and phagocyte 
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activation; binds to Ccl 3, 5, 17, 

and 22 

NM_053960 Ccr5 Chemokine 

(C-C motif) 

receptor 5 

Ckr5, 

Cmkbr5 

Various (primarily 

dendritic and T-

cells) 

Th1 Marker Beta chemokine receptor for 

chemokines including MIP-1α, 

MIP-1β, & Ccl5; binds to Ccl 3, 

4, 5, 8, 11, 13, 14, 16, and 22; 

induces intracellular calcium ion 

release; involved in granulocyte 

lineage proliferation & 

differentiation. 

NM_0010131

45 

Ccr6 Chemokine 

(C-C motif) 

receptor 6 

MGC1088

76 

Various (primarily 

immature 

dendritic, memory 

T-cells; B cells) 

Th1Treg Marker 

Humoral Immunity 

Beta chemokine receptor for 

chemokines including MIP-3α; 

induced by IL2; induces 

intracellular calcium ion release; 

binds to Ccl 20; important for 

B-cell differentiation & 

maturation; may be involved in 

migration and recruitment of 

dendritic and T-cells. 

XM_236704 Ccr8 Chemokine 

(C-C motif) 

receptor 8 

- Various (primarily 

thymus) 

Th2 Marker 

Treg Marker 

Beta chemokine receptor for 

chemokines including MIP-1β; 

binds to Ccl1, and 16; may be 

involved in monocyte 

chemotaxis and thymic cell line 

apoptosis. 

NM_139089 Cxcl10 Chemokine 

(C-X-C 

motif) ligand 

10 

IP-10, 

Scyb10 

Various including 

immune cells 

Response to Virus 

Innate Cytokine 

Adaptive Cytokine 

 

Chemokine; ligand for CXCR3; 

induced by IFN-gamma; 

induces migrations of 

monocytes, NK and T-cells and 

modulation of adhesion 

molecule expression. 
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NM_053415 Cxcr3 Chemokine 

(C-X-C 

motif) 

receptor 3 

Gpr9 Various (dendritic 

cells) 

Th1 Marker Chemokine receptor that binds 

to CXCL9, 10, and 11; induces 

chemotactic migration. 

Cytokines and Cytokine Receptors:     

Pro-inflammatory      

XM_340799 Csf2 Colony 

stimulating 

factor 2 

(granulocyte

-

macrophage) 

Gm-csf, 

Gmcsf 

Various including 

immune cells 

Innate Cytokine 

Adaptive Cytokine 

Cytokine that stimulates the 

growth and differentiation of 

hematopoietic precursor cells 

from various lineages, including 

granulocytes, macrophages, 

eosinophils, and erythrocytes 

(white blood cell growth factor) 

NM_0010147

86 

Ifna1 Interferon-

alpha 1 

IFN-

alpha1 

Various (primarily 

macrophages) 

Innate Cytokine 

Adaptive Cytokine 

Pro-inflammatory cytokine  

with antiviral activity; IFN type 

I 

NM_0011058

93 

Ifnar1 Interferon 

(alpha, beta 

and omega) 

receptor 1 

- Various Response to Virus 

Other Adaptive 

Gene 

Transmembrane protein that 

forms one of the two chains of a 

receptor of IFNα and β; antiviral 

activity; stimulates Janus 

proteins kinases, TYK2,  and 

STAT 1 and 2; antiviral factor 

NM_019127 Ifnb1 Interferon 

beta 1, 

fibroblast 

Ifnb Various Response to 

Bacteria 

Response to Virus 

Th2 Marker 

Innate Cytokine 

Humoral Immunity 

Cytokine with antiviral, 

antibacterial and anticancer 

activities; IFN type I 

NM_0010069

69 

Irf3 Interferon 

regulatory 

MGC9472

9 

Various (more in 

T-and NK cells) 

Response to Virus 

Other Innate Gene 

Transcription factor for IFN-1a 

and b following TLR signaling 
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factor 3 Other Adaptive 

Gene 

and viral infections. 

NM_0010336

91 

Irf7 Interferon 

regulatory 

factor 7 

MGC1250

13 

Various (more in 

dendritic and other 

immune cells) 

Other Innate Gene 

Other Adaptive 

Gene 

Transcription factor for IFN-1a 

and b following TLR signaling 

and viral infections; induces 

MyD88 and Tollip pathway. 

NM_138880 Ifng Interferon 

gamma 

IFNG2 Various (primarily 

NK cells) 

Response to 

Bacteria 

T-cell Activation 

Th1 Marker 

Adaptive Cytokine 

Humoral Immunity 

 

Pro-inflammatory cytokine, 

produced by lymphocytes, with 

antiviral, immunoregulatory and 

anti-tumor properties (only 

member of the type II interferon 

family); potent activator of 

macrophages, anti-proliferative 

effects  on transformed cells and 

it can potentiate the antiviral 

and antitumor effects of the type 

I interferons 

NM_053783 Ifngr1 Interferon 

gamma 

receptor 1 

Ifngr Various (myeloid 

cells, monocytes, 

macrophages) 

Other Adaptive 

Gene 

Transmembrane protein that 

forms one of the two chains of a 

receptor of IFNγ. 

NM_017019 IL1a Interleukin 1 

alpha 

IL1 alpha Various (primarily 

innate immune and 

Th1 cells) 

Inflammatory 

Resp. Innate 

Cytokine 

 

Pro-inflammatory cytokine 

produced as protein by activated 

macrophages, IL1 stimulates 

thymocyte proliferation by 

inducing IL2 release, B-cell  

maturation and proliferation, 

and fibroblast growth factor 

activity; activates TNFα. 

NM_031512 IL1b Interleukin 1 

beta 

IL1 beta Various (primarily 

myeloid and 

dendritic cells) 

Inflammatory 

Resp. Innate 

Cytokine 

Pro-inflammatory cytokine 

produced as protein by activated 

macrophages, IL1 stimulates 



74 

 

 

Other Adaptive 

Gene 

thymocyte proliferation by 

inducing IL2 release, B-cell  

maturation and proliferation, 

and fibroblast growth factor 

activity; activates TNFα. 

NM_013123 IL1r1 Interleukin 1 

receptor, 

type I 

- Various (primarily 

in T cell and 

fibroblasts) 

Other Innate Gene 

Other Adaptive 

Gene 

Receptor protein for pro-

inflammatory cytokines IL1A, 

IL1B, and IL1RN; induces NF-

kappa-B and MAPK, and other 

pro-inflammatory pathways. 

NM_053836 IL2 Interleukin 2 - Various (primarily 

in T cells) 

Innate Cytokine 

Adaptive Cytokine 

Extracellular pro-inflammatory 

cytokine that promotes 

proliferation of T and B 

lymphocytes, monocytes, and 

NK cells. 

NM_012589 IL6 Interleukin 6 ILg6, 

Ifnb2 

Various (primarily 

activated Th1 and 

mast cells) 

Response to 

Bacteria 

Response to Virus 

Inflammatory 

Resp. Th2 Marker 

Adaptive Cytokine 

Humoral Immunity 

Pro-inflammatory cytokine 

binding to IL6T, which both 

increases pro-inflammatory 

cytokine secretion as well B cell 

maturation, acute phase 

response, and lymphocyte and 

monocyte differentiation. 

NM_019165 IL18 Interleukin 

18 

IL18 Various Th1 Marker  

Th2 Marker 

Innate Cytokine 

Adaptive Cytokine 

Pro-inflammatory cytokine that 

augments NK cell activity in 

spleen cells, and stimulates 

IFNγ production in Th1 cells 

NM_130410 IL23a Interleukin 

23, alpha 

subunit p19 

MGC1142

75 

Various (primarily 

dendritic T cells) 

Response to 

Bacteria 

Response to Virus 

T-cell Activation 

Th1 Marker  

Subunit of the pro-inflammatory 

cytokine IL23 that binds to 

IL12RB1 and IL23R to activate 

Jak-Stat pathway, IFNγ 

production, and memory T cells. 
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Adaptive Cytokine 

NM_012675 Tnf Tumor 

necrosis 

factor (TNF 

superfamily, 

member 2) 

MGC1246

30, 

RATTNF, 

TNF-

alpha, 

Tnfa 

Various (primarily 

macrophages, 

myeloid, B-

lymphoblasts, 

dendritic cells) 

Response to 

Bacteria 

Inflammatory 

Resp. Innate 

Cytokine 

Adaptive Cytokine 

Humoral Immunity 

Multifunctional, extracellular 

pro-inflammatory cytokine, 

mainly secreted by macrophages 

than can induce IL1 secretion, 

cause fever, cachexia, and 

induce IL12 production in 

dendritic cells; bind to TNF 

receptors. 

NM_0011077

54 

Traf6 Tnf 

receptor-

associated 

factor 6 

- Various (including 

immune cells) 

Other Innate Genes Signal transducer of TNF 

receptor family, CD40, and 

Toll/IL1 family in response to 

pro-inflammatory cytokines via 

AP-1 and NFκB pathway that 

activates IκB kinase (IKK); 

seems to play a role in dendritic 

cell maturation and activation.  

Anti-inflammatory     

NM_201270 IL4 Interleukin 4 Il4e12 Various (primarily 

activated Th2 

cells) 

Inflammatory 

Resp. Th2 Marker 

Adaptive Cytokine 

Anti-inflammatory cytokine that 

binds as IL13 to IL4R and 

activates STAT6; activates B-

cells; induces class II MHC 

molecules on resting B cells. 

NM_021834 IL5 Interleukin 5 - Various (primarily 

activated Th2 and 

mast cells) 

Th2 Marker 

Adaptive Cytokine 

Anti-inflammatory cytokine that 

binds IL5R to promote growth 

and differentiation for both B 

cells and eosinophils and Ig 

secretion. 

NM_012854 IL10 Interleukin 

10 

IL10X Various Adaptive Cytokine 

Th2 Marker 

Anti-inflammatory cytokine that 

down-regulates the expression 
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Treg Marker of Th1 cytokines (IFNγ, IL2, 

IL3, TNF, GM-CSF), MHC 

class II Ags, and co-stimulatory 

molecules on macrophages and 

enhances B-cell survival, 

proliferation, and antibody 

production, T-cell and mast cell 

proliferation and differentiation. 

IL10 can block NF-kappa B 

activity, and is involved in the 

regulation of the JAK-STAT 

signaling pathway.  

NM_053828 IL13 Interleukin 

13 

- Various (activated 

T-cells) 

Th2 Marker 

Adaptive Cytokine 

Anti-inflammatory cytokine that 

inhibits pro-inflammatory 

cytokine production; promotes 

B-cell maturation and 

differentiation. 

Cell Signaling Kinases:     

NM_0011275

55 

Irak1 Interleukin-1 

receptor-

associated 

kinase 1 

RGD1563

841 

Various (high in 

immune cells) 

Other Innate Gene Serine/threonine kinase (cell 

signaling molecule) activated by 

IL1R or TLR stimulation; 

induces NF-kappa B pathway. 

NM_031514 Jak2 Janus kinase 

2 

- Various (more in 

monocytes, 

myeloid, and 

dendritic cells) 

Other Adaptive 

Gene 

Tyrosine kinase transcription 

factor for IFN, IL3, IL4, GM-

CSF, IL6 receptors; activates 

JAK-STAT cascade 

NM_053842 Mapk1 Mitogen 

activated 

protein 

kinase 1 

Erk2 Various (more in 

monocytes, 

myeloid, NK, and 

dendritic cells) 

Other Innate Gene Serine/threonine kinase (cell 

signaling molecule) that acts as 

a transcriptional repressor of 

IFNγ induced genes; induced by 
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IL2, IL4, IL7, IL9, IL15, and 

IL11; involved in many 

pathways. 

NM_031020 Mapk14 Mitogen 

activated 

protein 

kinase 14 

CRK1, 

CSBP, 

CSPB1, 

Csbp1, 

Csbp2, 

Exip, Hog, 

MGC10541

3, Mxi2, 

Prkm14, 

Prkm15, 

RK, 

Sapk2A, 

p38, 

p38Hog, 

p38alpha 

Various (more in 

monocytes, 

myeloid, NK, and 

dendritic cells) 

Other Innate Gene Serine/threonine kinase (cell 

signaling molecule) that is 

activated by various 

environmental stresses as well 

as pro-inflammatory stimuli 

such as LPS and IL1 and that is 

involved in a wide variety of 

cellular processes such as 

proliferation, differentiation, 

transcription regulation and 

development; activates 

transcription factor CREB1, 

ATF1, NFκB3, STAT1, and 

STAT3. 

NM_017347 Mapk3 Mitogen 

activated 

protein 

kinase 3 

ERK1, 

ERT2, Erk-

1, Esrk1, 

MAPK1, 

MNK1, 

Prkm3, 

p44, 

p44erk1, 

p44mapk 

Various (including 

all immune cells) 

Other Innate Gene Serine/threonine kinase (cell 

signaling molecule) that 

regulates various cellular 

processes such as proliferation, 

differentiation, and cell cycle 

progression 

XM_341399 Mapk8 Mitogen-

activated 

protein 

kinase 8 

JNK Various (including 

all immune cells) 

Other Innate Gene 

Other Adaptive 

Gene 

Serine/threonine kinase (cell 

signaling molecule) that 

regulates various cellular 

processes such as proliferation, 
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differentiation, transcription 

regulation, and development; 

activated by TNFα; plays a key 

role in T cell proliferation, 

apoptosis, and differentiation; 

induces AP-1 transcription 

activity; induces differentiation 

of Th to Th1 cells. 

Other Cell Signaling Molecules:     

NM_198130 Myd88 Myeloid 

differentiatio

n primary 

response 

gene 88 

- Various (primarily 

myeloid, 

monocytes, and 

dendritic cells) 

Response to 

Bacteria 

Other Innate Gene 

Cytosolic adapter protein central 

in TLR and IL1R signaling 

transduction; induces TNFα; 

increase IL8, IFNβ, IL12a and 

NOS2/INOS transcription; 

crucial intestinal epithelial cells 

for maintenance of gut 

homeostasis and controls the 

expression of the antimicrobial 

lectin REG3G in the small 

intestine 

NM_134350 Mx2 Myxovirus 

(influenza 

virus) 

resistance 2 

Mx3 Various (primarily 

myeloid, 

monocytes, and 

dendritic cells) 

Other Innate Gene 

Other Adaptive 

Gene 

GTPase (cell signaling 

molecule) induced by IFNα, 

type I and III IFN; may play a 

role in nucleocytoplasmic 

transport and cell-cycle 

progression 

Transcription Factors:     

NM_021835 Jun Jun 

oncogene 

C0-jun, 

AP-1, p39 

Various (more in 

monocytes, 

myeloid, Nk, B- 

Other Innate Gene Transcription factor that builds a 

dimer with cFOS, BATF3, or 

ATF7 to forma AP-1, which 
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and dendritic cells) binds to DNA to promote cell 

cycle progress and prevent 

apoptosis; induced by pro-

inflammatory cytokines. 

XM_342346 Nfkb1 Nuclear 

factor of 

kappa light 

polypeptide 

gene 

enhancer in 

B-cells 1 

NF-kB Various (primarily 

myeloid, 

monocytes, 

dendritic, T and B 

cells) 

Other Innate Gene 

Other Adaptive 

Gene 

Transcription regulator that is 

activated by various intra- and 

extra-cellular stimuli such as 

cytokines, oxidant-free radicals, 

UV irradiation, and induces pro-

inflammatory cytokine response 

and proliferation. 

NM_0011057

20 

Nfkbia Nuclear 

factor of 

kappa light 

polypeptide 

gene 

enhancer in 

B-cells 

inhibitor, 

alpha 

RL, IF-1, 

IκBα 

Various (primarily 

myeloid, 

monocytes, 

dendritic, and B 

cells) 

Other Innate Gene Transcription factor that 

prevents pro-inflammatory NF 

κB/REL complexes. 

Other Genes:       

NM_053468 Rag1 Recombinati

on activating 

gene 1 

- Various (primarily 

thymus) 

Other Adaptive 

Gene 

Catalytic component of the 

RAG complex, which is 

involved in B and T-lymphocyte 

development (immunoglobulins 

and T-cell receptor genes). 

*from NCBI Reference Sequence database http://www.ncbi.nlm.nih.gov/RefSeq/ 
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Table 4. Potential reference and housekeeping genes evaluated in this study. 

 

RefSeq Symbol Description Other 

Gene 

Name(s)* 

Cell Type Protein Function (according to genecards.org) 

NM_031144 Actb Actin, beta Actx Various (higher in 

immune cells) 

Cytoskeletal structural protein 

NM_012512 B2m Beta-2 

microglobulin 

- Various (higher in 

immune cells) 

Beta-chain of class I major histocompatibility 

complex serum protein involved in peptide 

presentation 

NM_012583 Hprt1 Hypoxanthine 

phosphoribosy

ltransferase 1 

Hgprtase, 

Hprt, 

MGC1125

54 

Various (higher in 

B-lymphoblasts) 

Phosphoribosyl-transferase (PRT)-type I domain 

for purine generation 

NM_017025 Ldha Lactate 

dehydrogenase 

A 

Ldh1 Various (higher in 

B-lymphoblasts) 

Enzyme for final step of anaerobic glycolysis 

NM_001007604 Rplp1 Ribosomal 

protein, large, 

P1 

MGC7293

5 

Various (higher in 

immune cells) 

60S subunit structural subunit of ribosomes. 

*from NCBI Reference Sequence database http://www.ncbi.nlm.nih.gov/RefSeq/ 
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Table 5. Immune-associated genes that were overall significantly up- or down-regulated by dietary supplementation of 0.5% or 1% 

OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats. 

 

RefSeq Symbol Description Other Gene 

Name(s)* 

Cell Type Protein Function (according to genecards.org) 

Up-regulated     

Bacterial Pattern Recognition Receptor:     

NM_00110617

2 

Nod2 Nucleotide-

binding 

oligomerizatio

n domain 

containing 2 

Card15 Various 

(primarily 

peripheral 

leukocytes, 

myeloid cells, 

monocytes) 

Pattern Rec. 

Receptor 

Response to 

Bacteria 

Th2 Marker 

Humoral 

Immunity 

Cytosolic pattern recognition 

receptor that recognizes bacterial 

peptidoglycans and activates the 

NFκB pathway 

NM_00117212

0 

TLR1 Toll-like 

receptor 1 

CD281 Various 

(primarily 

macrophages, 

neutrophils; 

myeloid, 

monocytes, NK, 

and dendritic 

cells) 

Pattern Rec. 

Receptor 

Response to 

Bacteria 

Pattern recognition receptor for 

PAMPs of gram-positive bacteria 

(di or triacylated lipopeptides) and 

yeast (zymosan); induces 

production of cytokines via 

MyD88, TRAF6, and TNFα; 

cooperates with TLR2. 

NM_207604 TLR6 Toll-like 

receptor 6 

CD286 Various 

(including 

immune cells) 

Pattern Rec. 

Receptor 

Response to 

Bacteria 

Th1 Marker 

Pattern recognition receptor for 

bacterial lipoproteins (diacylated 

and to lesser extent triacylated 

lipopeptides) of gram positive 

bacteria and yeast (zymosan) in 

collaboration with TLR2; induces 

production of cytokines via 

MyD88, TRAF6, and TNFα 
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Molecules Involved in T Cell Activation    

Antigen Presenting Cell Receptor for T Cell 

Activation: 

   

NM_017079 CD1d1 CD1d1 

molecule 

Cd1, Cd1d Various 

(primarily 

monocytes, 

myeloid cells, 

dendritic cells, B 

cells) 

T-cell 

Activation 

Antigen-presenting cell surface 

protein that binds beta-2-

microglobulin as well as self or 

microbial glycolipids and lipids 

and presents them to T-cell 

receptors on NK T-cells. 

NM_012926 CD80 Cd80 

molecule 

B7-1 Various (B 

lymphoblasts) 

T-cell 

Activation 

Th1 Marker 

Antigen presenting cell 

membrane receptor activated by 

binding of CD28 or CTLA-4 on T 

cell surface; induces T-cell 

proliferation & activation and 

cytokine production. 

Other Molecules Involved in T-cell Activation:    

IL1 Signaling Pathway      

NM_013123 IL1r1 Interleukin 1 

receptor, type 

I 

- Various 

(primarily in T 

cell and 

fibroblasts) 

Other Innate 

Gene Other 

Adaptive Gene 

Receptor protein for pro-

inflammatory cytokines IL1A, 

IL1B, and IL1RN; induces NF-

kappa-B and MAPK, and other 

pro-inflammatory pathways. 

NM_00112755

5 

Irak1 Interleukin-1 

receptor-

associated 

kinase 1 

RGD15638

41 

Various (high in 

immune cells) 

Other Innate 

Gene 

Serine/threonine kinase (cell 

signaling molecule) activated by 

IL1R or TLR stimulation; induces 

NF-kappa B pathway. 

TNF Signaling Pathway:     

NM_012908 Faslg Fas ligand 

(TNF 

superfamily, 

Apt1Lg1, 

CD95-L, 

Fasl, 

Various 

(primarily NK 

cells and 

Other Adaptive 

Gene 

Transmembrane protein that binds 

to TNFRSF6/FAS, a receptor that 

transduces the apoptotic signal 
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member 6) Tnfsf6 cytotoxic T cells) into cells; may be involved in 

cytotoxic T-cell mediated 

apoptosis and in T-cell 

development. 

XM_341399 Mapk8 Mitogen-

activated 

protein kinase 

8 

JNK Various 

(including all 

immune cells) 

Other Innate 

Gene Other 

Adaptive Gene 

Serine/threonine kinase (cell 

signaling molecule) that regulates 

various cellular processes such as 

proliferation, differentiation, 

transcription regulation, and 

development; activated by TNFα; 

plays a key role in T cell 

proliferation, apoptosis, and 

differentiation; induces AP-1 

transcription activity; induces 

differentiation of Th to Th1 cells. 

Down-regulated     

T-cell Differentiation Away from Th1 

Cells: 

    

Th2/Treg Marker:      

NM_133293 Gata3 GATA 

binding 

protein 3 

- Various 

(primarily NK 

cells, T-cells, 

lymphocytes) 

Th2 Marker 

 

T cell specific transcription factor 

which binds to the enhancer of the 

T-cell receptor alpha and delta 

genes; promotes secretion of IL4, 

IL5, and IL13 from Th2 cells 

NM_012854 IL10 Interleukin 10 IL10X Various Adaptive 

Cytokine 

Th2 Marker 

Treg Marker 

Anti-inflammatory cytokine that 

down-regulates the expression of 

Th1 cytokines (IFNγ, IL2, IL3, 

TNF, GM-CSF), MHC class II 

Ags, and co-stimulatory 

molecules on macrophages and 
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enhances B-cell survival, 

proliferation, and antibody 

production, T-cell and mast cell 

proliferation and differentiation. 

IL10 can block NF-kappa B 

activity, and is involved in the 

regulation of the JAK-STAT 

signaling pathway.  

Th17 Marker:      

NM_012747 Stat3 Signal 

transducer and 

activator of 

transcription 3 

MGC93551 Various 

(primarily 

immune cells) 

Inflammatory 

Resp. Th1Treg 

Marker 

Signal transducer and 

transcription activator that 

mediates cellular responses to 

IFNα, IFNγ, EGF, PDGF, HGF, 

LIF, BMP-2, IL5, IL31, and IL6; 

forms homodimers or 

heterodimers with STAT1; 

important for expression of acute 

phase response proteins; essential 

for differentiation of Th17 helper 

cells. 

Complement System:     

NM_016994 C3 Complement 

component 3 

- Various 

(primarily liver) 

Inflammatory 

Resp. Other 

Innate Gene 

Humoral 

Immunity 

Extracellular protein that activates 

complement system; function: 

lysis of microorganisms, 

promotion of phagocytosis, 

triggering inflammation and 

immune clearance 

Viral Pattern Recognition Receptor:     

NM_198791 TLR3 Toll-like 

receptor 3 

CD283 Various 

(including 

Pattern Rec. 

Receptor 

Pattern recognition receptor for 

PAMPs of viruses (double-
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immune cells) Response to 

Bacteria 

Response to 

Virus 

stranded RNA); induces 

production of IFN type 1 via IRF 

and pro-inflammatory cytokines. 

*from NCBI Reference Sequence database http://www.ncbi.nlm.nih.gov/RefSeq/ 
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Table 6. Immune-associated genes that were significantly up- or down-regulated at both dosages by dietary supplementation of 

0.5% or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats. 

 

RefSeq Symbol Description Other Gene 

Name(s)* 

Cell Type Protein Function (according to genecards.org) 

Up-regulated     

Bacterial Pattern Recognition Receptor:     

NM_0011061

72 

Nod2 Nucleotide-

binding 

oligomerizatio

n domain 

containing 2 

Card15 Various (primarily 

peripheral 

leukocytes, 

myeloid cells, 

monocytes) 

Pattern Rec. 

Receptor 

Response to 

Bacteria 

Th2 Marker 

Humoral 

Immunity 

Cytosolic pattern recognition 

receptor that recognizes bacterial 

peptidoglycans and activates the 

NFκB pathway 

NM_0011721

20 

TLR1 Toll-like 

receptor 1 

CD281 Various (primarily 

macrophages, 

neutrophils; 

myeloid, 

monocytes, NK, 

and dendritic 

cells) 

Pattern Rec. 

Receptor 

Response to 

Bacteria 

Pattern recognition receptor for 

PAMPs of gram-positive bacteria 

(di or triacylated lipopeptides) and 

yeast (zymosan); induces 

production of cytokines via 

MyD88, TRAF6, and TNFα; 

cooperates with TLR2. 

NM_207604 TLR6 Toll-like 

receptor 6 

CD286 Various 

(including 

immune cells) 

Pattern Rec. 

Receptor 

Response to 

Bacteria 

Th1 Marker 

Pattern recognition receptor for 

bacterial lipoproteins (diacylated 

and to lesser extent triacylated 

lipopeptides) of gram positive 

bacteria and yeast (zymosan) in 

collaboration with TLR2; induces 

production of cytokines via 

MyD88, TRAF6, and TNFα 

Molecules Involved in T Cell Activation    
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Antigen Presenting Cell Receptor for T Cell 

Activation: 

   

NM_017079 Cd1d1 CD1d1 

molecule 

Cd1, Cd1d Various (primarily 

monocytes, 

myeloid cells, 

dendritic cells, B 

cells) 

T-cell Activation Antigen-presenting cell surface 

protein that binds beta-2-

microglobulin as well as self or 

microbial glycolipids and lipids 

and presents them to T-cell 

receptors on NK T-cells. 

NM_012926 Cd80 Cd80 

molecule 

B7-1 Various (B 

lymphoblasts) 

T-cell Activation 

Th1 Marker 

Antigen presenting cell membrane 

receptor activated by binding of 

CD28 or CTLA-4 on T cell 

surface; induces T-cell 

proliferation & activation and 

cytokine production. 

TNF Signaling Pathway:     

XM_341399 Mapk8 Mitogen-

activated 

protein kinase 

8 

JNK Various 

(including all 

immune cells) 

Other Innate Gene 

Other Adaptive 

Gene 

Serine/threonine kinase (cell 

signaling molecule) that regulates 

various cellular processes such as 

proliferation, differentiation, 

transcription regulation, and 

development; activated by TNFα; 

plays a key role in T cell 

proliferation, apoptosis, and 

differentiation; induces AP-1 

transcription activity; induces 

differentiation of Th to Th1 cells. 

Down-

regulated 

      

Th2/Treg Marker:      

NM_133293 Gata3 GATA - Various (primarily Th2 Marker T cell specific transcription factor 
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binding 

protein 3 

NK cells, T-cells, 

lymphocytes) 

 which binds to the enhancer of the 

T-cell receptor alpha and delta 

genes; promotes secretion of IL4, 

IL5, and IL13 from Th2 cells 

NM_012854 IL10 Interleukin 10 IL10X Various Adaptive 

Cytokine 

Th2 Marker 

Treg Marker 

Anti-inflammatory cytokine that 

down-regulates the expression of 

Th1 cytokines (IFNγ, IL2, IL3, 

TNF, GM-CSF), MHC class II 

Ags, and co-stimulatory molecules 

on macrophages and enhances B-

cell survival, proliferation, and 

antibody production, T-cell and 

mast cell proliferation and 

differentiation. IL10 can block NF-

kappa B activity, and is involved in 

the regulation of the JAK-STAT 

signaling pathway.  
*from NCBI Reference Sequence database http://www.ncbi.nlm.nih.gov/RefSeq 
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Figure 6. Summary of experimental treatments and blood sample collection times for a dietary supplementation study of 0.5% or 

1% OmniGen-AF in healthy male rats. 
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Figure 7. Immune-associated genes that were overall significantly up-regulated by dietary supplementation of 0.5% or 1% 

OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats. Sample size for 0.5% OG is 4, 3, 3, and 

5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 respectively. 
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Figure 8. Immune-associated genes that were overall significantly down-regulated by dietary supplementation of 0.5% or 1% 

OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 3, and 

5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 respectively. 
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Figure 9. Immune-associated genes that were significantly up-regulated at both dosages by dietary supplementation of 0.5% or 1% 

OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 3, and 

5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 respectively. 
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Figure 10. Immune-associated genes that were overall significantly down-regulated at both dosages by dietary supplementation of 

0.5% or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  .  Sample size for 0.5% OG 

is 4, 3, 3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 

-2.16 -1.98 -2.13 -2.05 

-3

-2.8

-2.6

-2.4

-2.2

-2

-1.8

-1.6

-1.4

-1.2

-1

R
e

la
ti

ve
 m

R
N

A
 E

xp
re

ss
io

n
  

(F
o

ld
 C

h
an

ge
s 

co
m

p
ar

e
d

 t
o

 C
o

n
to

l)
 

Gata3                                 IL10 

0.5% OG

1% OG

Type 2/Treg T Helper Cell Marker 



94 

 

 

 

Figure 11. Immune-associated genes that were differently regulated by dietary supplementation of 0.5% or 1% OmniGen-AF 

during a 28-day supplementation period in healthy, unchallenged, male rats.  Only 1 gene (Ccl5) was differently regulated with a P 

–value of 0.05.  Sample size for 0.5% OG is 4, 3, 3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage 

was 4, 4, 4, and 5 for day 7, 14, 21, and 28 respectively.  
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Figure 12. Immune-associated genes, a) CD80, that were overall significantly up-regulated at each time point overall by dietary 

supplementation of 0.5% or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample 

size for 0.5% OG is 4, 3, 3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 

7, 14, 21, and 28 respectively. 
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Figure 13. Immune-associated genes, b) Mapk8, that were overall significantly up-regulated at each time point overall at each time 

point by dietary supplementation of 0.5% or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, 

male rats.  Sample size for 0.5% OG is 4, 3, 3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 

4, 4, and 5 for day 7, 14, 21, and 28 respectively. 
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Figure 14. Immune-associated genes, c) TLR1, that were overall significantly up-regulated at each time point overall by dietary 

supplementation of 0.5% or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample 

size for 0.5% OG is 4, 3, 3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 

7, 14, 21, and 28 respectively. 
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Figure 15. Proposed interaction of dietary OmniGen-AF with epithelial and immune cells in the mucosa, resulting in the mRNA 

expression changes of the 14 immune-associated genes (modified from van Baarlen et al., 2013). 

.
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Figure 16. Proposed molecular mechanism in immune cells whereby OmniGen-AF 

supplementation induces mRNA expression changes of the 14 immune-associated genes 

(modified from Janeway et al., 2005; Perez-Garcia, 2012; Kawai and Akira, 2006; Constans, 

2005; Lohoff, 2009; Thaiss et al., 2011; Kaiser, 2012). 
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Figure 17. Immune-associated genes, a) TLR6, that overall were significantly up-regulated by dietary supplementation of 0.5% or 

1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 3, 

and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 18. Immune-associated genes, b) Nod2, that overall were significantly up-regulated by dietary supplementation of 0.5% or 

1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 3, 

and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 19. Immune-associated genes, c) Cd1d1, that overall were significantly up-regulated by dietary supplementation of 0.5% or 

1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats. Sample size for 0.5% OG is 4, 3, 3, 

and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 20. Immune-associated genes, d) IL1r1, that overall were significantly up-regulated by dietary supplementation of 0.5% or 

1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 3, 

and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 21. Immune-associated genes, e) Irak1, that overall were significantly up-regulated by dietary supplementation of 0.5% or 

1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 3, 

and 5 for day 7, 14, 21, and 28 respectively. 
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Figure 22. Immune-associated genes, f) Faslg, that overall were significantly up-regulated by dietary supplementation of 0.5% or 

1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 3, 

and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 23. Immune-associated genes, a) Gata3, that overall were significantly down-regulated by dietary supplementation of 0.5% 

or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 

3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 24. Immune-associated genes, b) IL10, that overall were significantly down-regulated by dietary supplementation of 0.5% 

or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 

3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 25. Immune-associated genes, d) Stat3, that overall were significantly down-regulated by dietary supplementation of 0.5% 

or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 

3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 26. Immune-associated genes, a) C3, that overall were significantly down-regulated by dietary supplementation of 0.5% or 

1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 3, 

and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 
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Figure 27. Immune-associated genes, e) TLR3, that overall were significantly down-regulated by dietary supplementation of 0.5% 

or 1% OmniGen-AF during a 28-day supplementation period in healthy, unchallenged, male rats.  Sample size for 0.5% OG is 4, 3, 

3, and 5 for day 7, 14, 21, and 28 respectively.  Sample size for 1% OG dosage was 4, 4, 4, and 5 for day 7, 14, 21, and 28 

respectively. 


