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ABSTRACT

Negative energy balance and uncoupling of the growth hormone/ insulin-like
growth factor | axis in cattle: Implications for immunocompetence

By

Kristin Hawley Perkins

Dairy cows are immunosuppressed around the time of parturition, which
may be due to negative energy balance (NEB). One mechanism by which this
may occur is by uncoupling of the growth hormone (GH) / insulin-like growth
factor | (IGF-I) axis by NEB. During NEB in cattle, the GH/IGF-| axis is
uncoupled via down-regulation of GH receptors in the liver. The hypothesis of
this study is that NEB also decreases leukocyte expression of GH and (or) IGF-I
receptors, thereby contributing to impaired immunocompetence. The objective of
this study was to develop a steer model of bovine NEB to monitor bovine
leukocyte expression of these receptors as well as key adhesion (CD62L,
CD11b, and CD18) and antigen-presenting (MHC class | and Il) molecules.
Holstein steers (n=16) were assigned randomly to two groups and fed diets that
resulted in positive energy balance (PEB) or NEB (210% and 60% of
maintenance requirements, respectively). NEB decreased the percentage of
mononuclear leukocytes expressing GH and IGF-I receptors. Expression of these
molecules by neutrophils and of other molecules was not affected adversely.
Therefore, NEB may regulate GH and IGF-I receptor expression in some
circulating leukocytes, but does not appear to adversely affect competence of

these cells in terms of gene expression in the absence of infection.
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INTRODUCTION

The immune system is altered by many physiologic changes including
nutritional status. Protein-energy malnutrition (PEM) in humans adversely affects
many aspects of the immune system (Chandra, 1997; 1992; 1991; 1973,;
Chandra and Newberne, 1977; Beisel, 1996; Keith and Jeejeebhoy, 1997;
Hoffman-Goetz et al., 1984). This may be via uncoupling of the growth hormone

(GH) and insulin-like growth factor | (IGF-1) system that otherwise has

immunoenhancing effects (Commens-Keller et al., 1995). In PEM the normal
positive relationship of the GH/IGF-| system is severed, and receptors for GH in
the liver are down-regulated resulting in elevated serum GH and decreased
serum IGF-I (McGuire et al., 1992a; Vicini et al., 1991). This scenario also is
observed in periparturient dairy cows, which experience negative energy and
protein balance that causes mobilization of body reserves in the form of non-
esterified fatty acids (NEFA; Grummer, 1995) and separation of the GH/IGF-|
axis (Perkins, 1997). Little research has been published which tests effects of
GH/IGF-I uncoupling on the bovine immune system.

Dairy cows are immunosuppressed during the periparturient period (Table
1.2; Lee and Kehrli, 1998; Detilleux et al., 1995). During this period, expression
of the vital adhesion molecules CD62L and CD18 by bovine blood neutrophils
(Lee and Kehrli, 1998), ability of neutrophils to kill bacteria (Nagahata et al.,
1988), and lymphocyte function are all decreased (Kehrli et al., 1989a). The
percentages of mononuclear leukocytes that express MHC class Il molecules are

highest before calving but decrease immediately after parturition (Van Kampen



and Mallard, 1997). Furthermore, a study of cows on commercial dairy farms
found that animals with high serum concentrations of NEFA around calving and
early lactation had an increased incidence of mastitis and retained placenta
postpartum (Dyk et al., 1995). Together, these observations suggest that there is
a relationship between negative energy balance (NEB) and disease incidence
that may be mediated by effects of uncoupling of the GH/IGF-I axis on
immunocompetence. If true, this would infer altered expression of receptors for
these hormones, not only in the liver but also by immune cells, resulting in
decreased immunocompetence and increased disease susceptibility during NEB.

Although the relationship between energy nutrition and immune function is
complex, | have initiated studies to identify several mechanisms by which NEB
may alter immunocompetence in cattle. Understanding the interaction between
GH, IGF-I and the immune system, would not only benefit the dairy industry but
could have profound implications for improving human health via nutritional

means.
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Chapter 1

LITERATURE REVIEW

Negative energy balance uncouples the GH/IGF-l axis

Growth hormone (GH) plays a key role in regulating the insulin-like growth
factor (IGF) system. When animals are given exogenous GH, circulating
concentrations of IGF-| are increased (Cohick et al., 1989). It originally was
thought that the IGF system functioned solely via endocrine signals and that GH
caused the liver to produce IGF-I, which then traveled in the circulation to various
target tissues. However, we now know that there are many tissues that contain
IGF-l mRNA, including immune cells, but in lower abundance than is found in the
liver (Clemmons and Underwood, 1991; McGuire et al., 1992b). Thus IGF-I may
act via endocrine, autocrine and/or paracrine control.

The effects of GH on the IGF system are influenced by nutritional status
(Figure 1.1; McGuire et al., 1992a; Vicini et al., 1991; Underwood et al., 1994;
Yung et al., 1996). In a study by McGuire et al. (1995), dairy cows were
subjected to two dietary treatments. In one they were fed 120% of NRC
requirements and the other they were deprived of feed for 2 days. In both
treatments the cows were given a challenge of exogenous GH. The fed cows
had an increase in the concentration of circulating IGF-I following the GH
administration, but the fasted cows did not (McGuire et al., 1995). Elsasser et
al. (1989) also found that undernutrition in steers attenuated the response of IGF-

I to GH. This nutritional modulation of the effect of GH on the IGF system may



beam
reduce

mainte

to dow
fecepto
signffic
1391).
binding
Ot (Ba
afinty 1
al, 198z

malnutr:




be a method by which the animal protects itself during starvation. The animal
reduces the use of nutrients for production, providing metabolic fuel for
maintenance during NEB (McGuire et al., 1995).

The separation of the GH/IGF-I| axis during malnutrition is due most likely
to down-regulation of GH receptors by the liver (Figure 1.1). Expression of GH
receptor mMRNA and GH binding sites in liver of rats fed low-protein diets was
significantly lower (P < 0.01) than that of rats fed control diets (VandeHaar et al.,
1991). In a study comparing high and low planes of nutrition in lambs, GH
binding in liver membranes also was lower (P < 0.01) in lambs fed a low protein
diet (Bass et al., 1991). In cattle, steers fed at 1% of body weight had lower
affinity hepatic GH binding sites than those fed at 3% of body weight (Breier et
al., 1988). Little research has been published that has examined the impact of

malnutrition on expression of GH receptors in other cell types.
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Figure 1.1. Uncoupling of the growth hormone/insulin-like growth factor | axis in
cattle.

Negative energy balance and the periparturient dairy cow

A. Metabolites and Hormones in the Periparturient Period

Dairy cows face an enormous metabolic challenge in making the transition
from late pregnancy to lactation, which may contribute to decreased
immunocompetence at this time. This periparturient period is defined as
approximately 3 weeks prior to calving through 3 weeks after calving (Grummer,
1995). At the onset of lactation many adaptations must occur to meet the
metabolic demands of the mammary gland (Bauman and Currie, 1980). Some of

the metabolic changes that the dairy cow undergoes are shown in Table 1.1.
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There are also other changes during the periparturient period that create a
challenge for the animal. Dry matter intake (DMI) decreases gradually during the
last 3 weeks prepartum, especially in the last week before parturition (Grummer,
1995). In the typical dairy cow, DMI decreases as much as 30% prior to calving,
imposing NEB (Grummer, 1995). In high producing dairy cows, voluntary intake
does not achieve an amount sufficient to meet the cows’ protein and energy
requirements until about 60 days postpartum (Bauman and Currie, 1980).

Table 1.1. Partial list of metabolic changes associated with the onset of lactation
in dairy cows.

Physiological Function Metabolic Change Tissues involved
Milk Synthesis Increased use of nutrients Mammary
Lipid Metabolism Increased lipolysis Adipose tissue

Decreased lipogenesis

Glucose Metabolism Increased Liver
gluconeogenesis
Increased glycogenolysis

Decreased use of glucose  Body tissues in general
and increased use of lipid
as energy source

Protein Metabolism Mobilization of protein Muscle and other body
reserves tissue

Mineral Metabolism Increased absorption and  Kidney, liver, gut, and
mobilization of calcium bone

Adapted from Bauman and Currie, 1980

Metabolites and hormones also undergo changes during the periparturient
Period. One of the major changes occurs in adipose tissue where there is

decreased nutrient uptake and increased mobilization of lipid reserves (Table



1.1; Bauman and Currie, 1980). Circulating concentration of NEFA increases
during the peripartum period (Grummer, 1995). This is due to mobilization of
adipose tissue triglyceride stores during the transition from pregnancy to lactation
(Bell and Bauman, 1996). The circulating concentration of NEFA almost
doubles from 17 days prepartum until 2 days prepartum. NEFA concentrations
reach a peak the day of or the day after parturition (Grummer, 1995). The
circulating concentration of NEFA declines after parturition but remains higher
than during the dry period as long as the cow is in NEB (Bell and Bauman, 1996).
A study conducted on commercial dairy farms found that cows with high serum
NEFA prepartum had an increased incidence of mastitis and retained placenta
postpartum (Dyk et al., 1995), suggesting a link between NEB and disease
susceptibility.

Plasma insulin decreases approximately a week before parturition and
remains low during the first few weeks after parturition. This, together with an
increase in GH, allows for nutrients such as glucose to be partitioned to the
mammary tissue in preparation for the onset of lactation (Grummer, 1995). It
should be noted that the concentration of endogenous GH is highest during the
periparturient period, especially during the 3 weeks following calving (Grummer,
1995). GH is involved directly in modifying adipose metabolism to allow the use
of these energy reserves especially in the periparturient period (Bell and
Bauman, 1996). GH also exhibits homeorhetic control by directing absorbed

nutrients toward growth and lactation in well-fed animals (Simmons et al., 1994).
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This seems to involve an indirect mechanism where effects are mediated by an
intact (i.e., GH-responsive) IGF system (Bauman and Vernon, 1993).

The IGF system also undergoes significant changes during the transition
period. The circulating concentration of IGF-| decreases at about 3 weeks
prepartum (Simmons et al., 1994; Vega et al., 1991; VandeHaar et al., 1999).
Vega et al. (1991) found that although the circulating concentration of IGF-|
showed a constant decline until parturition, the greatest change occurs between
4 days before and 3 days after parturition, with a 70% reduction in IGF-I.
Because the concentration of IGF-I in serum is low, and the concentration of GH
in serum is high, the GH/IGF-I axis is said to be uncoupled during NEB.

B. The GH/IGF-I axis in the periparturient dairy cow

In a study examining the GH/IGF-| axis during the periparturient period,
cows were given challenges of exogenous GH (bST) throughout the
periparturient period. There was a change in the effect of bST on the circulating
concentration of IGF-I through the transition from late pregnancy to early
lactation (P < 0.05; Perkins, 1997). The circulating concentration of IGF-I
increased 123% after the bST challenge 30 days prepartum. This response was
attenuated gradually until parturition when, at day 2 postpartum, there was no
response in circulating concentration of IGF-| after administration of bST
(Perkins, 1997). Circulating concentration of IGF-I also was at its lowest at day 2

postpartum with a mean £+ SEM of 79 + 7 ng/ml (Figure 1.2; Perkins, 1997).
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Figure 1.2. Response of IGF-I to a 3-d challenge of 45 mg exogenous bST in
Holstein dairy cows at different stages of the transition period from late
pregnancy to early lactation. Pooled SEM was 10 ng/ml (Perkins, 1997).

Similarly, Simmons et al. (1994) found that the GH/IGF-I axis was still
intact 1 week before parturition as indicated by a rise in IGF-I following GH
administration. However, at 1 day before parturition the same dose of GH did not
cause an increase in serum IGF-I, indicating uncoupling of the GH/IGF-| axis.

Separation of the GH/IGF-| axis during the periparturient period is
suggested to be due to NEB via down-regulation of GH receptors in the liver and
the need to partition nutrients to the mammary gland for lactation. Little research
has been published that examined expression of GH receptors on other cell

types during NEB or during the periparturient period.

Disease susceptibility of periparturient dairy cows may be linked
with NEB

A. Metabolic disorders in the periparturient dairy cow
In dairy cows in early lactation, the demand of the mammary gland for
nutrients often exceeds the amount available. This leads to NEB, increased fat

mobilization and increased hepatic ketogenesis. There are relatively few studies
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that have examined the relationship between metabolism and immuno-
competence in cattle. One such study found that the ability of bovine
lymphocytes to respond to the mitogen phytohemagglutinin (PHA) was reduced
when the lymphocytes were preincubated with B-hydroxybutyrate or acetoacteate
(Targowski and Klucinski, 1983), which are found in the circulation of cows in
severe NEB. This suggests that in the presence of these fatty acids,
lymphocytes are not able to perform optimally. High liver fat in dairy cows is
associated with a reduction in the number of peripheral white blood cells and
lower milk somatic cell counts suggesting dysfunctional leukocyte migration (Reid
et al., 1983). In addition, Ropstad et al. (1989) found a positive relationship
between energy balance and the lymphocyte response to mitogens. Similarly, a
study by Cai et al. (1994) found a positive relationship between decreased
neutrophil function and periparturient disorders, such as retained placenta,
metritis, and mastitis. Combined, these studies suggest that there is a
relationship between NEB and decreased immunocompetence in cattle.
B. The periparturient dairy cow and susceptibility to infectious disease
Dairy cows are immunosuppressed in the periparturient period (Table 1.2;
Lee and Kehrli, 1998; Detilleux et al., 1995). This is also the time that the
mammary gland is markedly susceptible to new intramammary infections (Oliver
and Mitchell, 1983). One possible explanation for increased susceptibility to
disease could be NEB at this time as indicated by elevated serum NEFA. A
study on commercial dairy farms found that cows with high NEFA before calving

had an increased incidence of mastitis and retained placenta after calving (Dyk et
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al, 1995). Many different aspects of the immune system are compromised at this

time (Table 1.2). Human immunocompetence during NEB also is impaired

(Chandra, 1997).

Table 1.2. Summary of leukocyte dysfunctions in periparturient dairy cows.

Leukocyte Type Dysfunction Reference
Neutrophil T Blood neutrophil counts | Detilleux et al., 1995
Kehrli et al., 1989b
Newbould, 1976
Preisler et al., 1999
T Random migration in Kehrli et al., 1989b
vitro Nagahata et al., 1988
1T Bacterial ingestion by Kehrli et al., 1989b
phagocytosis in vitro Kehrli and Goff, 1989
Saad et al., 1989
1 Oxidative metabolism in | Kehrli and Goff, 1989
vitro Detilleux et a., 1995
Kehrli et al., 1989b
! Neutrophil chemotaxis in | Nagahata et al., 1988
vitro
| Antibody dependent Cai et al., 1994
cell-mediated cytotoxicity | Kehrli et al., 1989b
in vitro
1 CD62L and CD18 | Lee and Kehrli, 1998
expression in vivo
Monocyte/ NA NA
Macrophage
Lymphocyte { Lymphocyte Detilleux et al., 1995

blastogenesis in response
to PHA, PHAP, ConA and
PWM in vitro

Saad et al., 1989
Kehrli et al., 1989a
Kehrli and Goff, 1989

{ Blood lymphocyte
counts

Kehrli et al., 1989a

Changes in T-lymphocyte
subpopulations in vivo

Van Kampen and
Mallard, 1997
Kimura et al., 1999

! Antibody producing
activity in vitro

Nagahata et al., 1992
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C. Human PEM-disease associations as a model

There are many studies that demonstrate a link between protein-energy
malnutrition (PEM) and impaired immunocompetence. PEM is associated with
significant impairment of cell-mediated immunity, phagocyte function,
complement concentration and activity, secretory immunoglobulin A antibody
concentrations, and cytokine production (Chandra, 1997).

Generalized PEM in humans causes widespread atrophy of lymphoid
tissues, especially in children. The thymus, tonsils, spleen and lymph nodes are
all affected (Chandra and Newbemrne, 1977; Beisel, 1996). There is also a
decrease in the number of mature and fully differentiated circulating T-
lymphocytes and eosinophils (Chandra, 1972; 1997; Beisel, 1996). Flow
cytometric techniques and monoclonal antibodies demonstrated a decrease in
the proportion of CD4"* T-lymphocytes in PEM (Chandra, 1992). Conversely, B-
lymphocyte numbers and functions seem to be maintained in PEM aithough new
antibody responses to T-cell dependent antigens, and antibody affinity for
antigen are impaired (Beisel, 1996; Chandra, 1972; 1991). Non-specific immune
responses also are affected by PEM. The ability of neutrophils and monocytes to
phagocytose and kill bacteria is impaired (Salimonu et al., 1982; Chandra, 1991).
This is attributed to reduced activity of several key metabolic pathways that
produce reactive oxygen species needed to kill bacteria (Chandra, 1992). PEM
also is associated with decreased concentrations of aimost all complement

components (Chandra, 1973). Finally, the ability of the individual to produce

12



na

oo

(Kett

term

come
huma
huma
mainc
infect:

Re

A Im

Substa
these
Cmbat
Wws,
(nterle,
antlgen.

fore F

pe“etra;

En{ry of |



cytokines and the response of T-lymphocytes to cytokines (IL-1, IL-2) is impaired
(Keith and Jeejeebhoy, 1997, Hoffman-Goetz et al., 1984).

Immunological dysfunctions associated with malnutrition have been
termed “nutritionally acquired immune deficiency syndromes” or NAIDS. The
combination of NAIDS and common childhood infections is the leading cause of
human mortality (Beisel, 1996), providing anecdotal evidence that malnourished
humans are more susceptible to infectious disease. | speculate in this thesis that
malnourished cattle also may be immune deficient and more susceptible to

infectious disease.

Resistance to infectious diseases depends on host physical
barriers and immunocompetency

A. Immunocompetency

The immune system is designed to protect the body from those
substances or organisms that are recognized as ‘non-self,’ and to respond to
these foreign antigens in both innate and highly specific ways. To effectively
combat foreign antigens, like the ones that cause peripartum diseases in dairy
cows, the immune system utilizes a myriad of cell types and secretory factors
(interleukins; IL). These act to activate phagocytes and to expand lines of
antigen-specific lymphocytes that will seek out and destroy antigen. However,
before a specific response can be mounted, the antigen must be able to
penetrate some or all of the animal’s natural barriers to infection.

1. Physical and Biochemical Barriers

Numerous anatomic structures and their secretory components prevent

entry of pathogens into peripheral tissues and organs. These include barriers
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such as the skin, hair, and mucous membranes. Most infectious agents gain
access to the mammary gland of cattle by entering the teat canal. A physical
barrier of keratin acts as a “plug” and also can exhibit bacteriostatic and/or
bactericidal effects (Senft and Neudecker, 1991) that protect the teat canal. If
the keratin barrier is overcome or unable to keep the bacteria out, bacteria enter
the teat cistern and will encounter the second immunological line of defense,
phagocytic neutrophils of the innate immune system (Paape and Capuco, 1997).

2. Innate Immunity

The innate immune system always is present and can respond
immediately, but with limited specificity, to extracellular pathogens. Once foreign
antigen enters the mammary gland, the innate immune system functions using
soluble proteins in conjunction with phagocytic and killing mechanisms of
neutrophils and monocytes (macrophages when differentiated in the tissue). The
neutrophil is especially important in protecting the mammary gland from
infectious disease in dairy cattle and it is the primary leukocyte responsible for
clearing bacterial infections in the mammary gland (Burvenich et al., 1994). If
these phagocytic leukocytes are unable to enter the gland or are unable to clear
the infection, the adaptive immune system must be called upon to aid in clearing
the gland of infection.

3. Adaptive Immunity

Immunity that is dependent on the body’s ability to specifically recognize

and selectively eliminate foreign antigens is called adaptive immunity (Kuby,
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1997). There are two main branches of adaptive immunity: humoral immunity
and cell-mediated immunity.

Humoral immunity is mediated by soluble antibodies that are produced by
antigen-activated B-lymphocytes. The main function of antibodies is to bind
extracellular antigen and promote opsonization for easier and more targeted
uptake by phagocytic cells of the innate immune system (Figure 1.3; Kuby,

1997). Antigen-activated T-lymphocytes regulate both cell-mediated and
humoral immunity. T-lymphocytes express a unique antigen binding receptor (T-
cell receptor). This receptor recognizes only antigen that is associated with cell
membrane proteins called major histocompatibility complex (MHC) molecules. If
MHC expression is impaired, it will be impossible for T-lymphocytes to recognize
and respond to antigen, resulting in decreased competence of both the adaptive
and the innate ams of the immune system, and possibly increased susceptibility
to disease. Therefore, not only is MHC expression vital to immune function, but it
is also a valuable indicator of adaptive immunocompetence.

All T-lymphocytes express T-cell receptors but they can be differentiated
into a number of subsets by their unique expression of molecules called clusters
of differentiation (CD). For example, T-lymphocytes that express CD, only
recognize foreign antigen associated with class Il MHC molecules and T-
lymphocytes expressing CDg only recognize foreign antigen associated with
class | MHC molecules (Kuby, 1997). Expression of CD, or CDg also defines the
function of the T lymphocyte. CD4+ T lymphocytes generally function as T helper

(Tu1 or Ty2) cells whereas CDg+ T lymphocytes function as T cytotoxic (Tc) cells.
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Thw cells connect the acquired and innate arms of the immune system (Figure 1.3;
Kuby, 1997). Tc cells are activated by interaction with antigen-class | MHC
complex on the surface of altered self-cells. Once activated the T¢ cell acquires
cytotoxic activity and eliminates altered self-cells by cytolysis (Figure 1.3; Kuby,
1997). These interactions of the innate and adaptive immune system are vital
for protecting the mammary gland from invading bacteria and generally are
considered part of the inflammatory response. Perhaps the most important
interaction in the mammary gland is opsonization of invading pathogens by
antibodies produced by B-lymphocytes. This aids the phagocytic neutrophils in

recognizing and ingesting the pathogen (Figure 1.3).
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CD,' T-lymphocyte CDs' T-lymphocyte

(T-helper cell) (Cytotoxic T-cell)
Encounters Encounters
MHC class Il - Ag complex MHC class | - Ag complex
/ \ . l
TH2 ‘ TH1 -----------’ TC
L4, IFN-y \
: IL-10 -
RS Death of altered
v Macrophages self-cell
B-lymphocytes
Antibody
Production

Opsonization Antibody

Pathogen

Figure 1.3. T-lymphocytes encounter antigen bound to MHC and differentiate
into T-helper (Tw) and T-cytotoxic (Tc) lymphocytes that connect the adaptive
(rectangles) and innate (circles) immune systems
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B. Inflammation

The two branches of the immune system are by no means independent.
In many cases they interact to mount a full immune response. One example of
this is the inflammatory response. During inflammation, leukocytes are
specifically recruited into infected tissues such as the mammary gland. To reach
the infected site, leukocytes must “sense” the presence of infecting pathogens,
attach to the endothelial cells lining the capillaries in the inflamed region, migrate
between the endothelial cells and into the tissue and destroy the invading
pathogens. Several molecular mechanisms have evolved to accomplish this
including expression of various cellular adhesion molecules on leukocytes and
endothelial cells. The adhesion process of neutrophils can be described as a
cascade of four molecular steps (Figure 1.4); tethering (A), triggering (B), strong
adhesion (C) and migration (D).

Tethering is mediated by the selectins. This family of three lectin-like
membrane glycoproteins bind specific carbohydrates on the glycocalyx of
endothelial cells and facilitate leukocyte rolling or margination (Adams and Shaw,
1994). L-selectin (CD62L) is constitutively expressed on most leukocytes,
whereas E-selectin is expressed by endothelial cells in response to cytokine
activation, and P-selectin is expressed by endothelial cells and platelets (Adams
and Shaw, 1994). L-selectin is found on the tips of leukocyte microvilli, which are
the first contact points with the endothelium. The adhesions created by the
selectins along with the shear force of blood flow are strong enough to induce

slowing down via rolling along the vessel wall, but do not stop leukocyte
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movement completely (Figure 1.4A). Rolling allows the leukocytes to “survey”
the area for the presence of triggering factors that would cause the adhesion
cascade to continue. The population of neutrophils involved in this process is
referred to as the marginating pool of neutrophils. In the absence of these
factors, the leukocyte disengages from the endothelium and is washed away by
blood flow to become the circulating pool of neutrophils (Adams and Shaw,
1994).

Another family of adhesion molecules called integrins mediates strong
adhesion of leukocytes to the endothelium. Integrins are a family of
glycoproteins that contain an o and a g subunit. These integrins must be
activated to bind effectively to receptors on the endothelium. Once they are
activated by a triggering step (Figure 1.4B), they promote strong adherence that,
in combination with shedding of L-selectin, can stop the rolling leukocyte (Figure
1.4C; Kuby, 1997; Adams and Shaw, 1994). One of the most potent trigger
factors in cattle is platelet-activating factor (PAF), a phospholipid produced by
endothelial cells in response to histamine, thrombin or leukotrienes (Adams and
Shaw, 1994). The integrins can be grouped based on their B subunits, which can
be either a B1 or a B2 subunit. For a review of the B1 integrins refer to Adams
and Shaw (1994). The B2 integrins are of particular interest in dairy cattle
because they mediate neutrophil migration into infected peripheral tissue (Figure
1.4C and D).

The B2 integrins share a common B chain, CD18, which is a 95-kDa

glycoprotein that non-covalently couples to CD11 (o) chains to form active
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transmembrane molecules. When CD18 pairs with CD11a it is called leukocyte
function antigen 1 (LFA-1) and is expressed primarily by lymphocytes. A
CD11b/CD18 heterodimer makes up the Mac-1adhesion complex which is
expressed mainly by neutrophils; CD18 pairing with CD11c makes up the
adhesion complex known as p150,95, and is expressed mainly by monocytes
and macrophages (Gilbert et al., 1992; Gahmberg et al., 1998).

The importance of these integrins in inmunocompetence is demonstrated
in individuals with leukocyte adhesion deficiency (LAD in humans; bovine LAD or
BLAD in cattle). This is an autosomal recessive disease resulting in abnormal
folding of the B chain (CD18), and therefore abnormal (0) expression of the p2
integrin. Neutrophils and monocytes of affected individuals cannot migrate from
the blood vessels into the tissues. LAD and BLAD individuals usually die at an
early age from widespread opportunistic bacterial infections (Anderson et al.,
1985; Schuster et al., 1992).

After strong adhesion of rolling (marginating) leukocytes to the activated
endothelia, the cells migrate into the tissue along a chemotactic gradient of
cytokines and chemokines (Figure 1.4D). Many of the chemokines that act as
trigger factors also serve as chemotactic factors (Adams and Shaw, 1994).
Without adequate expression of the adhesion molecule CD62L to slow circulating
leukocytes, and CD18/CD11b to tightly adhere these leukocytes to the
endothelium, these cells cannot enter the mammary gland where they are

needed to ingest and kill mastitis-causing bacteria. The function of these
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molecules makes them especially important indicators of innate

immunocompetence.
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Figure 1.4. Model of neutrophil migration through the vascular endothelium,
involving regulation of the leukocyte adhesion molecules L-selectin (CD62L) and
Mac-1 (CD11b/CD18). Circulating neutrophils expressing high amounts of
CD62L tether to the vascular endothelium and roll along the surface under the
shear force of blood flow (A). When these marginating cells come into contact
with trigger factors (e.g. platelet-activating factor) from infection or inflammation
(B) they begin to shed CD62L and up-regulate CD11b/CD18 in order to tightly
adhere to the endothelium (C). The neutrophil is then able to migrate through the
endothelium and into the tissue where it can begin to ingest and kill bacteria.
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C. Immunocompetency of the periparturient dairy cow

As described above, migration of neutrophils into mammary tissue
provides the first immunological line of defense against bacteria that penetrate
the physical barrier of the teat canal. If neutrophils are unable to clear the
infection, the adaptive arm of the immune system, which has encountered
antigen in the lymph system, becomes activated to help fight the infection.
However, around the time of parturition, there are many dysfunct<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>