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Introduction 

Mastitis is inflammation of the rnamrnary gland usually caused by bacterial infection. Estimates of 
economie losses are high, with a mean cost per clinical mastitis episode of $107. Because mastitis is the 
most expensive disease affecting the dairy industry, it is important to understand the immune mechanisms 
protecting the marnmary gland and interactions between immune cells and bacterial pathogens that may 
influence disease processes. Discovery and characterization of inflammatory and immunoregulatory 
molecules called cytokines provides new insights into the humoral and cellular immune response 
mechanisms in the udder. Using recombinant DNA technology, sufficient quantities of bovine cytokines 
have been produced to evaluate potential applications in prevention and therapy of bovine mastitis. 
Advances in mastitis management, particularly for environmental pathogens, may come through cytokine
mediated interventions in the immune response that will enhance antibody production, stimulate phagocytic 
cell function, regulate the inflammatory response or augment the antibacterial activity of antimicrobiai 
agents. This paper will review the immunology of the marnmary gland, the role of cytokines in 
inflammation, and recent investigations into possible uses of cytokines in management ofmastitis. 

Immunology of the Mammary Gland - Brief review 

Antibacteriai defense of the mammary gland depends upon a complex interaction of anatomie features of 
the gland and humoral and cellular defense mechanisms within the gland. This part of the paper will 
highlight features of mammary gland that contribute to resistance of the cow to intramammary infection, 
describe the early response to the gland to infection and indicate how pathogens may prevailover the 
resistance mechanisms of the cow. AdditionalIy this review will provide background to identify aspects of 
gland immunity where immunotherapeutic intervention may be successful. 

Teatduct 
The teat duct is of obvious significance since it seals off the interior of the gland from the environment. 
The barrier to infection is both physical and chemical. As with all external orifices, the teat duct is lined 
with squamous epithelium. As this layer desquamates and degrades inwardly, it forms a roll ofkeratin and 
other cell debris that effectively seals the strong physical barrier that is provided by closure of the teat 
sphincter. Teat ducts have long been recognized to vary in their effectiveness as a barrier to infection, and 
simply removing keratin allows rapid penetration of bacteria through the duct. Keratin exerts its action as 
both a physical barrier but also as an antibacteriai molecule whose properties have been demonstrated in 
vitro. The antibacteriaI activity of keratin is attributed to basic proteins which can be extracted from the 
keratin. 

Associations between characteristics of the teat canal and intramammary infection have been made but 
results are difficult to interpret. Milking machines act on the teat duct to induce milk flow and many 
reports have demonstrated how machines influence infection and mastitis. Almost without exception, they 
involve changes in the teat duct as a barrier to infection. Milking machines may induce infection du ring the 
milking process by damaging the teat canalar by influencing fatigue in the sphincter after milking. 
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F ollowing penetration of the teat duct, adhesion of bacteria to epithelial cells and lactiferous sinuses is the 
next step in the infection process. In viva and in vitro studies have demonstrated specific adhesion of 
gram-positive pathogens to epithelial cells, however, the ligand mediating adhesion have not been identified. 
Coliform bacteria fail to adhere in these systems and this failure may contribute to the limited duration of 
many cases of coliform mastitis. In the newly infected gland, bacterial products such as lipopolysaccharide 
(LPS, endotoxin) from gram-negative bacteria and peptidoglycan fragments from gram-positive cell walls 
evoke inflammation and characteristic epithelial cell damage. If the infection is not resolved at this early 
stage, mastitis progresses rapidly to the classical pathology typical of each pathogen. 

Humoral factors 
Normal milk contains a complex array of proteins, lipids, carbohydrates, anions, cations and cells. Many 
of these factors are antibacterial and may act independently or in concert with leukocytes to inhibit 
bacterial growth. Some of these factors may be increased du ring inflammation. 

Lactoferrin is an iron chelating glycoprotein present in secretions at most epithelial surfaces and within 
neutrophils. Lactoferrin is analogous to transferrin in blood. In the presence of bicarbonate anion, 
lactoferrin is bacteriostatic due to its high binding capacity for iron. The bacteriostatic activity of 
lactoferrin is reduced in the presence of citrate, which also binds iron and for which coliforms have a 
membrane-associated transport mechanism. The relative concentration of iron-binding compounds varies 
during the lactation cycle: lactoferrin is at highest levels in secretions of involuted glands while citrate 
levels are low during this time, enabling lactoferrin to exhibit maximal antibacteriai activity during the dry 
period. In pre-colostral secretions, there is an influx of citrate which neutralizes the protective activity of 
lactoferrin. Lactoferrin has also been shown to have irnmunosuppressive activity that may, in part, be 
responsible for the limited protective immunity following natural infection. 

Lactoperoxidase and its participant components (HCN and H20 2) are often found in milk and, based on in 
vitro studies, may provide antibacteriai protection against streptococci and coliforms. This system depends 
on interaction of lactoperoxidase, which is produced in the gland, thiocyanate of hepatic origin (modulated 
by diet) and bacterial or endogenous hydrogen peroxide. This system produces the oxidized form of 
thiocyanate which inhibits bacterial growth. 

Other fluid phase components with defensive properties have been identified in milk including complement 
and lysozyme. Lysozyme has lytic activity for a number of gram-positive and gram-negative bacteria by 
direct action on the cell wall. Complement may act with antibodies to lyse susceptible bacteria but its 
major role is to opsonize bacteria for facilitated phagocytosis by neutrophils and release chemotactic and 
vasoactive fragments (i.e. C5a and C3a) important in inflammation. Both of these components are present 
in low levels in normal milk that are not sufficient to provide major antimicrobiai activity in the absence of 
inflammation. 

Immunoglobulins 
The preeminent humoral factors in the mammary gland for host defense are immunglobulins which have 
been recognized as components of normal milk since the 1920s. Four immunoglobulin isotypes are found 
in milk or mammary secretions: IgG!, IgG2, IgM, and IgA. IgG) is the predominant immunoglobulin in the 
gland and is selectively transported into secretions of the colostrum-producing gland. The total amount of 
immunoglobulins in mammary secretions varies with lactational stage. Immunoglobulins are highest in 
colostrum, up to 150 mg/mI, compared with <lmg/mI in normal milk and 25-30 mg/mI in serum. Relative 
concentrations of IgG, IgM and 19A are difficult to determine because they are bound unevenly to other 
components of milk, especially 19A to fat globules. Immunoglobulins function to aggregate and opsonize 
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bacteria for ingestion by neutrophils and macrophages, and they can inhibit adherence of bacteria to 
epithelial cell targets. Attachment of specific immunoglobulins to bacteria may trigger the complement 
cascade, leading to lysis of susceptible bacteria, increased phagocytosis and release of inflammatory 
mediators. 

Cells 

Macrophages 
Cells in milk, colostrum, and secretions from non1actating mammary glands include macrophages, 
neutrophils, lymphocytes and some epithelial cells. Normal milk contains about 105 cell/mI, mostly 
macrophages. Macrophages are phagocytic cells that may directly eliminate mastitis pathogens by 
engulfinent and intracellular killing. More importantly, macrophages are immunoregulatory cells that 
produce proinflanunatory cytokines that initiate and regulate local and systemic inflammation following 
bacterial challenge. Macrophage-derived cytokines important in mammary defense have not been clearly 
identified but include tumor necrosis factor (TNF), interleukin-l (IL-l), IL-6 and possibly IL-8. Mammary 
macrophages often contain large quantities of phagocytized fat and this is associated with impaired 
phagocytic and respiratory burst function. Along with these impairments, it is possible that macrophage 
production of cytokines is also reduced in the udder. 

Neutrophils 
Neutrophils comprise less than 10% of normal milk cells, but their numbers increase to 40-80% of cells in 
colostrum and early involution. Following infection or injury of the gland, there is a rapid infiltration of 
neutrophils into the gland from the circulation. Neutrophils are primarily phagocytic cells and eliminate 
bacteria by attachment to bacteria through specific receptors, engulfinent of the bacteria into membrane
bound phagosomes and intracellular killing by release of lysosomal enzymes and reactive oxygen 
intermediates, including superoxide anion, into the phagosome. Numerous reports document impaired 
phagocytosis of manunary neutrophils compared with blood neutrophils. As with macrophages, lowered 
antibacteriaI activity is due to prior phagocytosis of fat and casein. Engorged neutrophils exhibit decreased 
phagocytosis, reduced number of cytoplasmic granules, impaired activity of lysosomal enzymes and overall 
reduced bacterial killing. However, freshly extravasated neutrophils do not contain phagocytized fat and 
casein suggesting that "new" neutrophils will function at normal levels and facilitate clearance of invading 
organisms. Neutrophils have specific receptors for cytokines TNF and IL-l. These cytokines heighten the 
responsiveness of neutrophils for killing bacteria. Augmentation of neutrophil activity by exogenous 
cytokines may overcome impaired phagocytic function associated with mammary neutrophils. Despite the 
factors limiting neutrophil function in the udder, neutrophils remain the primary antibacterial defense 
mechanism of the manunary gland. 

LYI!lphocytes 
Lymphocytes consist of approximately 10% of cells in milk and secretions and are present at alllactational 
stages. Both T and B lymphocytes are present, although their numbers vary widely between individuals. 
Key lymphocyte functions such as antigen and mitogen-responsiveness and immune memory have been 
documented for mammary lymphocytes but these functions are suppressed at several points du ring 
lactation, including the dry period and around parturition. Some investigators suggest that lymphocyte 
hyporesponsiveness is related to hormonal changes in the gland du ring these periods. Production of 
immunoregulatory cytokines, such as IL-2, is also suppressed at these times. Without IL-2, lymphocyte 
activation and clonal expansion in response to antigens cannot occur. 

During involution, there is a marked infiltration of the number of lymphocytes in the gland, particularly 
adjacent to the epithelium of alveol i and small ducts. Thus, it appears that the manunary gland is most 
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susceptihle to new 'infections when lymphocyte cell numhers in the gland increase hut cellular function 
decreases. Induction of an immune response requires presentation of antigen in the context of the major 
histocompatihility complex to antigen-responsive T and B lymphocytes. This presentation is dependent on 
simultaneous stimulation of T cells hy cytokines, specifically IL-I with subsequent production of 
immunoregulatory cytokines IL-2, and IL-4 by T cells. IL-I has been demonstrated in mammary secretions 
du ring experimental mastitis produced by mammary macrophages or epithelial cells. In summary, evidence 
suggests that the mammary gland has a full complement of immune cells hut these cells may be refractory 
to stimulation during lactational stages with highest risk for new infections. 

Inflammatory Response and Cytokines 

This part of the paper will review the cellular and molecular events of the inflammatory response. The role 
of cytokines will be highlighted as a prelude to discussion of the use of recombinant cytokines in 
management of mastitis. 

Mastitis occurs once hacteria invade the teat duct, overcome the humoral and cellular defenses in milk and 
multiply in the udder. During replication, hacteria release cell wall fragments that are potent activators of 
inflammation. Endotoxin (LPS) released by gram-negative bacteria and fragments of gram-positive cells 
walls interact with specific receptors on macrophages to stimulate production of proinflammatory 
molecules called cytokines. Cytokines are low molecular weight proteins produced by immune and 
nonimmune cells in response to various stimuli. In general, cytokines act to locally regulate immune and 
inflammatory cells, but may also gain access to the circulation and act systemically. Macrophages respond 
to LPS by producing TNF, IL-l, and IL-6 . 

TNF is the principal mediator of host response to gram-negative bacteria and is responsihle for many of the 
signs associated with inflammation. Locally, TNF causes vascular endothelial cells to become adhesive for 
neutrophils and increases the adhesiveness ofneutrophils for endothelial cells. In this way, TNF contributes 
to accumulation of leukocytes at local sites of inflammation. TNF also activates neutrophils for enhanced 
microbiai killing and stimulates other macrophages to produce other cytokines (IL-l, IL-6) and induces 
synthesis of colony-stimulating factors (CSFs) hy fibroblasts and endothelial cells. TNF also stimulates T 
cell activation and antibody production by B lymphocytes. Systemically, TNF is an endogenous pyrogen 
which acts on the hypothalamus to induce fever and acts with IL-6 to alter liver protein synthesis in a 
process known as the acute phase response. 

IL-I shares many of the properties of TNF. Although IL-I acts to stimulate T lymphocytes, the principal 
function of IL-I is as a mediator of inflammation. TNF, IL-l, IL-6 and other cytokines act in concert to 
increase vascular permeability, attract neutrophils to the infection site, and allow for leakage of plasma, 
antibodies and elotting factors into affected tissues. Complement activation by bacteria provides a second 
wave of inflammatory mediators by the release of vasoactive peptides C5a and C3a which act on blood 
vessels to increase vascular permeability and on mast cells to release histamine and produce prostaglandins 
and leukotrienes via arachidonic acid eleavage. 

Through the activity of cytokines, complement fragments and other inflammatory mediators, neutrophils 
are recruited to the site of infection and are activated for efficient bacterial killing. However, this activation 
also leads to indiscriminant release of enzymes that causes local damage of milk-producing cells. The 
presence of leukocytes, bacterial toxins, tissue debris and inflammatory by-products begins to block ducts. 
If bacteria are eliminated, inflammation will subside and elogged ducts will he opened. However, if 
infection persists, inflammatory mediators will continue to be produced and ducts will remain elogged. 
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Depending on the severity of infection, milk-producing tissues may be damaged and replaced by scar tissue, 
leading to reduced milk yield. 

IL-2 and Interferon-y 
There are several other cytokines are produced principally by antigen-activated T lymphocytes. The 
primary cytokine in this group, IL-2, acts as a T lymphocyte growth factor and is important in 
determination of the magnitude of the immune response. IL-2 also stimulates natural killer (NK) cells and 
promotes antibody synthesis by B cells. Interferon-y is a second type of cytokine produced by activated T 
lymphocytes that activates nonspecific effector cells including macrophages. Interferon-gamma acts 
directly on macrophages to increase their killing capacity for bacterial cells. 

The part of the paper will review the use of recombinant bovine cytokines in prevention or therapy of 
mastitis under experimental conditions. 

Cytokines and Management of Mastitis 

Tumor necrosis factor-a 

TNF is a soluble 17 kDa protein product secreted predominantly by macrophages activated by endotoxin, 
Bacille calmette guerin (BCG), lectin, or IL-2. TNF plays a key role as polypeptide mediator of 
inflammation and the cellular immune response. The broad spectrum of TNF activities includes paracrine 
regulatory effects on neutrophils, fibroblasts and endothelial cells and autocrine regulation of macrophages. 
TNF activity is mediated through specific receptors on target cells such as macrophages, T -cells, B-cells 
and neutrophils and also induces inflammatory and regulatory cytokines including IL-l, IL-6, and IL-8. 
Coordinate regulation of these cytokines by TNF results in a rapid systemie inflammatory response. 
Systemie effects of TNF on the brain are similar to IL-I including fever, somnolence and anorexia. Bovine 
TNF was cloned by screening genomie DNA with a human TNF cDNA. The results indicated that a 
mature form of bovine TNF protein is 157 amino acids and calculated molecular weight of monomeric 
mature bovine protein is 19.1 kDa. The mature form of bovine TNF is 74%, 81%, 92%, and 76% 
homologous with murine, human, ovine and rabbit counterparts, respectively. 

The primary of activity TNF is to increase PMN functions such as adherence to endothelial cells, 
superoxide anion production, phagocytosis, lysozyme release, hydrogen peroxide production, 
myeloperoxidase-hydrogen peroxide-halide activity, tumor cell cytostasis and cytotoxicity. There are 
functional differences between recombinant bovine TNF (rboTNF) and recombinant human TNF (rhTNF). 
Rh TNF increase neutrophil functions including superoxide production, phagocytosis, antibody dependent 
cell-mediated cytotoxicity, and myeloperoxidase-H202-halide activity. However these activities were not 

enhanced by the treatment of bovine neutrophils with rbo TNF. In addition, rbo TNF enhanced antibody 
independent neutrophil-mediated cytotoxicity activity of bovine neutrophils while rhTNF was reported not 
to have this effect. The effect of rboTNF on bovine neutrophils was rapid and independent of protein and 
RNA synthesis. 

There is a possible role of TNF in milk as motility chemoattractant for monocytes. Studies suggest that 
rhTNF-a plays a role as bovine neutrophil attractive factor in vivo during inflammation in bovine teat, but 
not in vitro. TNF, by itself, is not high potency for inducing neutrophil migration but it may induce IL-l 
production in mammary gland which has more potency for inducing neutrophil migration into inflammatory 
teat. The recent study using mouse model indicated that rhTNF- recruited significantly neutrophils into 
gland, enhanced killing of Staphylococcus aureus within gland, and reduced number of S. aureus when 
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combined to antibiotic treatrnent. 

Interleukin-l 

IL-l is predorninantly a macrophage- or monocyte-derived protein that exists in two similar forms 
(IL-la. and IL-lP). IL-la. and IL-lP have identical activities and use the same target cell surface receptor. 
IL-l has numerous effects on immune and non-immune cells including induction of T lyrnphocytes to 
produce IL-2 regulating in IL-2 induced T cell proliferation, activation of B cells and increased 
immunoglobulin responses, enhancement of NK cell activity, and stimulation offibroblast proliferation. In 
1988, Maliszewski and colleagues reported on cloning, sequence and expression ofbovine IL-la. and IL-lP 
complementary ONAs from alveolar rnacrophages and indicated bovine IL-l in both forms exhibited a high 
degree ofsequence homology with human, murine and rabbit IL-l products. Comparison with human IL-l 
arnino acid sequences, showed active forms of bovine IL-l are as 17-18 kDa. 

There are rnany inducers that can stimulate mononuc1ear phagocytes to produce IL-l inc1uding 
microorganisms (viruses, bacteria, spirochetes, yeasts), microbiai products such as LPS from gram
negative bacteria, peptidoglycans from gram-negative and gram-positive bacteria, exotoxins from 
staphylococcal and streptococcal pathogenic strains, and yeast polysaccharides. Macrophages from 
mammary tissue can be stimulated to produce IL-l. Intramammary infusion of 10 mg of Escherichia coli 
LPS can induce high production of IL-I (lO to 600 U/mi), beginning 2.5 to 4 hours after infusion. 
Swelling and rnarnmary gland permeability changes preceded any detectable increase in IL-l activity, 
suggesting that these c1inical signs of inflammation were not mediated by IL-l but possibly by earlier 
production of TNF -a. These finding also supported by the study in which the infusion of rhIL-l receptor 
antagonist inhibited IL-l bioactivity but had no effect on local inflammation, systemic reaction, or 
impairment in milk production in endotoxin-induced rnastitis cows. The leukocytic influx into endotoxin
infused glands developed after or concurrently with initial increases in IL-l activity in milk, suggesting IL-
1 is a critical mediator for neutrophil recruitrnent in mammary gland during endotoxin-induced mastitis. 

The administration of recombinant bovine interleukin-lb (rboIL-lb) also stimulated lyrnphocyte function 
and was suggested that IL-l b upregulates its own production in mononuc1ear cells. Upregulation of IL-l b 
by exogenous IL-Ibis pivotal point, because IL-l is the initiator of further cytokine release. However, 
there are limitations in E. coli or S. aureus-induced marnrnary macrophages ability to secrete IL-l. It is 
reasonable to suggest that the lack of IL-I secretion by marnrnary rnacrophages will affect the recruitrnent 
of neutrophils and play responsibility in the most susceptible to infection at times that rnacrophages are the 
predorninant cells in milk. The systemic effects such as transient fever, inappetance, increased pulse and 
respiratory rate, and diuresis were reported in the study of prevention of parturient paresis by injection of 
recombinant bovine IL-l b as osteoclast -activator. 

Neutrophils and their activities play pivotal role in the pathogenesis of mastitis. The study of bovine 
neutrophil migration suggested that rbolL-1 b is one of the potent inducers of migration in vivo during 
inflammation in bovine teat. RbolL-1 b has chemoattractant activity for bovine neutrophils in marnrnary 
gland greater than rbolL-2 on a mass basis and intrarnarnrnary rbolL-lb infusion increases inducible 
superoxide production function ofneutrophils, but not phagocytosis. 

The application of rboIL-1 b for enhancing the immune responses including activation of T and B cells and 
neutrophil migration and function during mastitis is the possible method that can be used in treatrnent 
mastitis. The appropriate dose and side effects need further study. 

-164-



Interferon-y 

Interferons are a family of cytokines discovered by Isaacs and Lindennann in 1957. They are named based 
on their ability to induce in vitra antiviral states. There are three major types of IFN: IFN-a or leukocyte 
IFN, IFN-J3 or fibroblast IFN, and IFN-y or immune IFN. IFN-y is produced primarily by antigen or 

mitogen-stimulated T lymphocytes including nearly all CDS+ T cells (cytotoxic T cells), some CD4+ T 
cells (T helper cells) and to a minor degree NK cells. There is only single active IS kDa homodimeric form 

ofIFN-y. IFN-y promotes differentiation of B cells and CD4+ T cells into immunologically active effector 
cells and acts with other cytokines to promote lymphocyte proliferation. IFN-y also enhances 
microbactericidal and cytotoxic activities of macrophages and induces macrophages to secrete IL-I, IL-6, 
IL-S and TNF. It also activates neutrophils, NK cells, and vascular endothelial cells. The pronounced 
effects of IFN-y on phagocytic cell functions suggests possible application in prevention of mastitis. 
Bovine interferon-y (boiFN) was cloned by screening a bovine lymph node cells cDNA library with a 
human IFN-y cDNA probe. Mature bolFN is 143 amino acids with predicted molecular weight of 16,S5S 
Da. It has an arnino acid homology of63% with human IFN-y and 47% with murine IFN-y. 

In a recent review article, Bielefeldt et al. discussed the effects of recombinant bolFN (rboIFN) on 
monocyte/macrophage and neutrophil functional activity. RbolFN increased Fc and C3b receptor 
expression on alveolar macrophages leading to increase bacterial phagocytosis but suppressed superoxide 
anion production. Lyzozyme and hydrogen peroxide production were enhanced in viva but not in vitra. In 
similar fashion, rbolFN enhanced neutrophil phagocytosis, hydrogen peroxide production, but suppressed 
migration and superoxide anion production in vitra but not in viva. 

Studies using rbolFN as prophylactic therapy in experimental E. coli intramammary infection showed that 
preexposed to rbolFN enhanced defense mechanisms of mammary gland, controlled bacterial growth, and 
minimized the presence of endotoxin in the gland. These mechanisms explain the lower infection rate and 

clinical mastitis scores in rbolFN treated animals. Infusion of rbolFN at high dose (lOS U) significantly 
increased somatic cell count and milk pH and caused a marked increase in the number of infiltrating 
leukocytes was observed in treated quarters. 

RbolFN was also found to decrease production of TNF in experimental E coli challenge or by LPS 
stimulated mammary gland macrophages. The significance of this finding is that under some 
circumstances, low dose administration of rbolFN may be directlY responsible for down-regulation of acute 
phase inflammatory responses which may prevent pathological alterations to host tissues during 
endotoxemia and prevent the enormous loss in milk production and death that often accompany acute 
coliform mastitis du ring the periparturient period. 

Mammary phagocytic cell function is also regulated by rbolFN. Studies showed that rbolFN promoted 
neutrophil phagocytic activity for S. aureus but did not increase neutrophil killing or overall mammary 
gland macrophages function in vitro. Bacteriologic study demonstrates that rbolFN did not promote 
bacterial clearance of S. aureus-infected quarters. Other studies report that rbolFN augments expression 
ofFc receptors for both monomeric and heat-aggregated IgG on bovine macrophages but did not influence 
the number ofleukocytes expressing MHC II antigens. 

Interleukin-2 

IL-2 is a cytokine of major importance in regulation of both T-and B-lymphocytes response to antigen. 
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IL-2 is produced'from a stimulated T-cells. IL-2 is involved in a variety of immune responses such as 
enhancing natural killer cells through induction of IFN-y, induction of lymphotoxin and maintenance of 
activated T lymphocytes. 

Bovine IL-2 cDNA was cloned from bovine lymphocyte culture and demonstrated to produce a functional 
bovine IL-2 protein. The mature bovine IL-2 contains 135 amino acids and has a calculated molecular 
weight of 15,464 Da. The amino acid sequence of the mature bovine IL-2 shares about 60 and 63% 
homology with those of the human and mouse, respectively. 

In a study of milk secretion from normal mammary glands during the peripaturient period, the highest 
levels of IL-2 activity were found at approximately 14 days prior expected parturition and lower in 
colostrum collected du ring the last week of gestation and at parturition, Hormonal, immunologic or 
physiologic factors regulating IL-2 du ring parturition are unknown. The high incidence of mastitis at 
parturition may be related, in part, to lower level of this immunoregulatory cytokine. 

IL-2 has been used for enhancing immune responses or for therapeutic purpose during mastitis in many 
studies. Miniosmotic pumps releasing recombinant bovine interleukin-2 (rboIL-2) were implanted into teat 
cisterns of six jersey cows in which each cow bad two quarters with (sensitized) and without (unsensitized) 
chronic S. aureus infection. Results showed that total lymphoid cell numbers and IgG 1- and IgG2-
secreting plasma cells in sensitized placebo quarters and unsensitized IL-2 quarters were similar. Thus 
indicates that IL-2 stimulated a cellular immune response equal to that of quarters infected with S. aureus. 
IL-2 was more effective in quarters with prior exposure to S. aureus. Lymphocyte and macrophage cells 
were found greater number in secretions of IL-2 quarters than in secretions of controi quarters. This study 
suggests IL-2 may be used as local supplement immunization and enhance protection against natural S 
aureus infection. The recent study suggested that rboIL-2 can be used as a vaccine adjuvant in which 
enhanced specific immunity in mammary gland. 

Intramammary infusion of rboIL-2 increased somatic cell counts and activated the inducible superoxide 
production and phagocytosis of neutrophils in milk. The phagocytosis activity was maintained for 3 to 5 
days after rboIL-2 intramammary administration. This result is quite surprising that rboIL-2 elicited an 
influx of neutrophil, because neutrophils do not been described to express the IL- 2 receptor. The 
exogenous rbolL-2 must be initiating a secondary cytokine cascade that mediates the observed effects in 
vivo. The neutrophil function and mastitis cure rate also were enhanced by intramammary infusions of 
rboIL-2. 

A study using combined administration of 2 mg of rboIL-2 and sodium cephapirin in cows with established 
S. aureus mastitis showed decreased somatic cell count and shedding of S. aureus compared with those 
cows which were given only sodium or 10 mg rboIL-2 with sodium cephapirin. Cows in the 2 mg rboIL-2 
group cleared the infection earlier and at 2 weeks after treatment bad not relapsed with staphylococcal 
mastitis. These data suggest that rbolL-2 may be useful as an immunotherapeutic agent in controlling 
mastitis. Another study using rbolL-2 in combination with sodium cephapirin to treat S. aureus mastitis 
indicated IL-2 can the therapeutic efficiency of antibiotics. However, in addition to antibiotic dry cow 
therapy, rboIL-2 did not have a significant effect on the rate of new intramammary infection during the dry 
period. 

Colony-stimulating factors 

CSFs are a group of glycoproteins that regulate differentiation and maturation of hematopoietic precursor 
cells and functional activities of mature cells. There are four clearly identified as CSF in mouse; 
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granulocyte-macrophage colony-stimulating factor (GM-CSF), granulocyte-colony-stimulating factor (G
CSF), macrophage-colony-stimulating factor (M-GSF) and multi-CSF. All ofthese factors have ability to 
stimulate the clonal proliferation ofhematopoietic precursor cells and exhibit other functional activities: (1) 
they are necessary for promoting the cell survival in vi/ro ofboth progenitor and mature end cells, (2) they 
can commit bipotential GM progenitors to a restricted differentiation pathway of granulocyte or 
macrophage formation, an irreversible asymmetric process requiring passage of the cells through one or 
two cell divisions in the presence of the committing CSF, and (3) they can stimulate a number offunctional 
aspects of mature granulocytes, eosinophils and macrophages including: survival, cell mobility, shape, 
phagocytic activity, synthesis of biologica1 active molecules, antibody- dependent cytotoxicity, 
autofluorescence, and expression of various membrane markers. GM-CSF is produced by activated T 
lymphocytes, controls the production, and functional activity of granulocytes and macrophages. 
Phagocytosis activity of S. aureus by neutrophils is enhanced by GM-CSF. 

The cDNA ofbovine GM-CSF (boGM-CSF) was cloned from BT2 bovine T cell lines using human GM
CSF cDNA probe and encodes a protein of 143 amino acids with predicted molecular weight of 16,160 Da. 
Bovine GM-CSF exhibits a high degree of sequence homology with mouse and human GM-CSF but GM
CSF biological activity indicates species specificity between bovine and human. 

Milk neutrophils mediates a significant role in mammary gland defense, but phagocytic and bactericidal 
activities in milk are compromised because of a lack of energy source, low concentration of opsonins, and 
interference by casein micelles and fat globules. Application of CSFs to mammary gland may allow 
modulation of available circulating and storage pools of neutrophils as weIl as potentiate migration of 
phagocytes into mammary gland during early stage of new infection. 

CSFs have been used in enhancement of immune functions in mammary gland. Recombinant bovine GM
CSF (rboGM-CSF) exhibits no significant chemoattractant activity for neutrophils in bovine mammary 
gland, but increases inducible superoxide production and phagocytosis. Similarly in human, GM-CSF 
causes neutrophils migration inhibition and primes neutrophils to increase superoxide production in 
response to the bacterial chemoattractant, f-MLP and complement derivative C5a. Recombinant human G
CSF (rhG-CSF), administrated into cows for 10 days, increased protection of S. aureus challenge and 
significantly elevated both percentage ofblood and milk neutrophils. 

Conclusion 

Recent advances in cell and molecular biology have allowed for the identification and production of 
sufficient amounts of bovine cytokines to study their activity in vi/ro and in vivo. In bovine mastitis, so 
far, three potential recombinant cytokine applications have been studied including enhancement of 
mammary gland immune responses against to pathogenic bacteria, combination of antibiotics with 
cytokines to increase therapeutic efficiency, and use of cytokines as vaccine adjuvants. However, 
disadvantages of cytokine therapy are that administration needs to be before or at the time of pathogen 
challenge and that there are some as yet unidentified second endogenous cytokine cascades that affect 
therapeutie success. Exogenous cytokines may fonn network complexes with these endogenous cytokines 
that may cause variation in outcome of experiment or therapeutic purpose. The number, type and 
activation state of immune cells in the mammary gland and lactation stage may also influence success of 
cytokine therapy. All of these explanations need to be intensively studied to provide more complete 
infonnation of cytokines and their applications in preventive bovine mastitis. 
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