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ABSTRACT

The purpose of this study was to explore whether lymphocyte activation and
mononuclear cell apoptosis is dis-regulated by a diabetic situation which results in altered
responses to bacterial infection. Based on other investigator’s results NO production by
macrophages is increased in diabetic mice therefore, the effects of NO on these processes
are also examined.

Diabetic (db-/db-) and background matched control (db+/db-) mice were injected with or
without LPS. An iNOS inhibitor (AMT) was used in selected experiments. Activation of
spleen lymphocytes and apoptosis of the mononuclear cells was examined using flow
cytometry and ELISA.

The results suggest that diabetes could affect lymphocyte activation and macrophage
apoptosis. Nitric oxide may play a role in CD69 expression by diabetic T lymphocytes
and have an opposite effect on B lymphocytes. These findings support the hypothesis that
the kinetics and magnitude of the host response in diabetic and normal mice are different,

which leads to an altered inflammatory course during the microbial infection.
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Introduction

Diabetic patients have been historically associated with an increased risk for bacterial
infections including oral infections such as periodontal diseases (Katz et al, 1991). Most
of the periodontal diseases are produced by specific Gram-negative anaerobic bacterial
infections leading to the destruction of primarily the connective tissues and secondarily
the underlying alveolar bone supporting the teeth. One of the Gram negative bacteria that
have been know for producing periodontitis is Porphyromonas gingivalis. P. gingivalis is
thought to be an important pathogen in periodontitis and other oral infections. P.
gingivalis colonization of subgingival sites is associated with gingival inflammation,
spontaneous gingival bleeding with ongoing loss of periodontal attachment and crestal
alveolar bone (Sockransky et al 1991).

Bacteria or bacterial products such as lipopolysaccharide (LPS), fimbriae, or vesicles,
gain access to the gingival tissue and stimulate an inflammatory response characterized
by infiltration of neutrophils, lymphocytes, macrophages and mast cells (Haber et al,
1991; Ogawa et al, 1991; Hanazawa et al, 1991; Graves, 1998; Rossomando et al, 1990).

Recent epidemiologic studies have clearly reported that diabetes increases the risk of
both severe periodontitis and the incidence of periodontal disease progression by
approximately 2-3 fold (Haber et al, 1991; Grossi et al, 1994). An alteration in the host -
response in diabetics is thought to contribute to the enhanced risk of periodontal disease.
Individuals with diabetes (Type I and Type 2) tend to have a higher prevalence and more
severe progressing forms of periodontitis than non-diabetics (Cianiola et al, 1982;
Emrich, 1991; Safkan-Seppala, 1992). Traditionally, diabetics have been considered

more susceptible to severe periodontal disease due to metabolic and host response



imbalances that result in impaired wound healing, microangiopathy, and diminished
salivary flow (Broadley et al, 1989-90; Hove; Stallard, 1970; Lamey et al, 1992). More
recent investigations performed at the cellular/molecular level demonstrating common
changes in systemic physiology have provided initial evidence of potential mechanisms
responsible for the observed associations. These include diabetes-induced alterations of
immune cell phenotype and elevation of serum proinflammatory cytokine
(lymphocytes/monocytes/ polymorph nuclear leukocytes), lipid levels and down
regulation of growth factors from macrophages (Pociot et al, 1993; Doxey et al, 1998;
Iacopino, 1995; Cutler, 1999; Salvi et al, 1997; Taylor et al, 1996).

The purpose of this study was to explore whether lymphocyte activation and
mononuclear cell apoptosis were disrupted by a diabetic situation which resulted in
altered responses to bacterial infection. Based on other investigators’ results, NO
production by macrophages was increased in diabetic mice therefore; the effects of NO

on these processes were also examined.

Literature Review -

Diabetes mellitus is a chronic disorder of carbohydrate, fat and protein metabolism. a.
About 3% of the world’s population or approximately 100 million people suffer from
diabetes making this one of the most common noncommunicable diseases. Diabetes
affects an estimated 16 million people in the United States. The annual mortality rate is
about 54,000 and diabetic complications are the seventh leading cause of death (Rubin

and Farber, 1994).



There are two common variants of diabetes: Type 1 and type 2. Type 1 Diabetes also
called insulin-dependent diabetes mellitus (IDDM) accounts for about 10% of all cases of
primary diabetes and previously referred to as juvenile-onset diabetes. Type 2 Diabetes
formerly called non-insulin -dependent diabetes mellitus (NIDDM) and previously
referred to as adult-onset diabetes affects 80-90% of people (Defronzo et al, 1983).

Type 2 diabetes has a powerful genetic predisposition to although the exact genetic
basis is not known. Multifactorial inheritance is a key factor in the development of type
2 diabetes. Sixty percent of patients have either a parent or a sibling with this disease.
When one member of a monozygotic twin has the disease, the second twin is almost
invariably affected (Cotran et al, 1999).

Many patients with type 2 diabetes are asymptomatic and their diabetes is either
diagnosed during screening for diabetes or when the patient is seen for another
unrelated medical problem. Common symptoms are polyuria and polydipsia in patients
who are often older (over 40 years) and frequently obese. The diagnosis is made after
routine blood or urine testing. Patients who develop type 2 diabetes exhibit alterations
in glucose metabolism, creating two major problems: impaired secretion of insulin by
the beta cells and reduced uptake of insulin by peripheral cells. The person with Type 2
diabetes suffers from impaired insulin release by the beta cell in response to glucose
stimulation, a lesion that is most prominent in those with severe hyperglycemia.
Despite the defect in insulin secretion by the beta cell, many patients with Type 2
diabetes exhibit an increase in insulin concentration in the blood. This seemingly
paradoxical situation is attributed to a reduction in the number of insulin receptors in

the plasma membrane of adipocytes and skeletal muscle cells.



The insulin receptor is composed of two-linked glycoprotein subunits: B-component
that binds insulin; and o-subunit that serves as a transmembrane protein Kinase
(tyrosine kinase). In obese patients the number of membrane insulin receptors is
reduced. This down-regulation of insulin receptors in obesity may explain the high
circulating insulin levels. In turn, high levels of insulin further down-regulate the
expression of insulin receptors in fat and skeletal muscle. This mechanism is not fully
understood.

Although most people with Type 2 diabetes are overweight only a small proportion
of obese people develop diabetes. Moreover, even very thin persons can have diabetes.
Obesity contributes to Type 2 diabetes in genetically susceptible persons, but by itself is
insufficient to produce the disease.

Persons with diabetes are subjected to numerous secondary complications. The
development of secondary lesions in the diabetic patient relates to the severity and
chronicity of hyperglycemia. The morbidity associated with long-standing diabetes of
either type results from a number of serious complications namely microangiopathy,
retinopathy, nephropathy, and neuropathy. In both forms of long standing diabetes,
atherosclerotic events such as myocardial infarction, cerebrovascular accidents, gangrene
of the leg and renal insufficiency are the most threatening and most frequent
concomitants (Defronzo et al, 1983). The diabetic state is said to decrease host resistance
to infection. Acute infection is known to alter the endocrinologic -metabolic status of the
host (Moncada et al, 1991). Infections such as tuberculosis pneumonia and pyelonephritis

cause 5% of deaths of diabetic patients.



Although progress has been made, the mechanisms by which diabetes exacerbate

infection and other diseases remain unclear.

Inflammation

Inflammation is a fundamental pathologic process consisting of a dynamic complex of
cytological and histological reactions that occur in the affected blood vessels and adjacent
tissues in response to an injury or abnormal stimulation caused by a physical, chemical,
or biologic agent. Inflammation includes: 1) local reactions and resulting morphologic
changes, 2) the destruction or removal of the injurious material and 3) the responses that
lead to repair and healing. It is a protective response of the body to get rid of the
substances, the end result of injury, such as necrotic cells, tissue debris, etc. and
infectious microorganisms such as bacteria, virus, parasites and their toxins. Acute
inflammation has a fairly rapid onset, and usually has a clear and distinct termination.
Clinically, acute inflammation is characterized by 5 cardinal signs of which are rubor
(redness), calor (increased heat), and tumor (swelling), dolor (pain), and functio laesa
(loss of function). It involves the exudation of fluid and plasma proteins and the
emigration of leukocytes, predominantly neutrophils. Chronic inflammation may begin
with a relatively rapid onset or in a slow, insidious, and even unnoticed manner. It may
persist for several weeks, months or years and may have a vague and indefinite
termination. Chronic inflammation is associated with the infiltration of T lymphocytes,
macrophages and the proliferation of blood vessels and connective tissue as an anabolic

response (Chandrasoma; Taylor, 1991; Gimbrone, 1992; Ryan and Majno, 1977).



The vascular and cellular responses of inflammatory process are triggered by
inflammatory stimuli and mediated by factors derived from plasma or resident and
inflammatory cells. The first change is the active vasodilatation of arterioles, capillaries
and venules resulting in a marked increase in the amount of blood flow in the area. The
release of histamine and bradykinin, cause increased permeability of the
microvasculature which results from the contraction of actin filaments in endothelial
cells, followed by the widening of intercellular space. Next, leukocytic migration starts
and rolling and adhesion occur on the endothelial surface. These events are mediated by
adhesion molecules on the endothelial cell surface called integrins and selectins. After
adhesion, leukocytes move towards the junctions between endothelial cells, squeeze
through the junctions and move into the space between endothelial cell and the basement
membrane. Eventually they traverse the basement and migrate into the extra vascular
space. When they reach to the site of injury, phagocytosis takes place through phagosome
and the degradation of the particle occurs inside of the phagosome by lysosomal enzymes

and O2-derived active metabolites (Leirisalo-Repo, 1994).

Macrophages and Lymphocytes

Two primary host responses discussed here are lymphocyte and macrophage function.
There are 2 main lymphocyte populations: T cells and B cells. T cells constitute 65-80%
of the recirculation pool of small lymphocytes and their life span is long: months or
years. T cells arise from the stem cells in the bone marrow and they undergo maturation
in the thymus gland. During the last stage T cells migrate from the thymus to the blood

and lymphatic system. As T cells form they acquire surface markers: CD3, CD4 and



CD8. CD3 are proteins on the T cell surface in association with antigen receptors. The
CD3 complex of 5 transmembrane proteins is involved with transmitting from the outside
of the cell to the inside, the information that the antigen receptor is occupied. This signal
is transmitted via several second messengers. Another important element the T cell
receptor (TCR), is an antigen receptor isolated from a wvariety of T cells by
immunoprecipitation with monoclonal antibodies that has been shown to be composed of
an acidic o chain and a basic $ chain (Yague et al, 1985).

CD4 cells are helper T cells that secrete cytokines that influence all the cells of the
immune system including T cells, B cells, macrophages and NK cells. CD4 cells can be
subdivided into two subunits: Thl and Th2. Thl cells are primarily involved in
macrophage-dependent immune responses and synthesize and secrete interleukin-2 (11-2)
and interferon-gamma (INF-y) both are involved in delayed hypersensitivity. Th2 cells
facilitate the synthesis of other types of antibodies by B cells. They synthesize and
secrete IL.-4 and IL-5 which perform the B cell helper function.

CD8 T cells are either cytotoxic or suppressive and can inhibit the immune response
to a specific antigen or immune cell. They kill by two mechanisms; release of perforins
which destroy cell membrane or the induction of programmed cell death (apoptosis)
(Roitt et al, 1998).

B cells are present in blood, lymphoid tissue, spleen and bone marrow and they give
rise to antibody-producing plasma cells. They constitute 30% of the recirculating pool of
small lymphocytes and their life span is short: days or weeks. Pre-B cells lack surface
immunoglobulins and light chains but do have u heavy chains in the cytoplasm. The

maturation of B cells has two phases: the antigen-dependent phase consists of stem cells,



pre-B cells, and B cells. The antigen -dependent phase consists of the cells that arise
subsequent to the interaction of antigen with the B cells. B cells initially display surface
IgM which serves as a receptor for antigens (Levinson and Jawetz, 1996).

Activation of B cells requires two signals: the binding of antigen to the B cell's
receptors and stimulation of the B cell by T-cell cytokines. Antigens activate both T and
B cells, which act as functional partners in producing immunological reactivity.

T helper cells bind to antigen on the surface of a B cell that has already bound itself to
the antigen. The helper cell then promotes activation and maturation of the B cell.
Antigens that can evoke an antibody response are called T-independent antigens. At
times, these antigens can activate a large number of B cells a phenomenon known as
polyclonal B cell activation. A number of infectious agents are capable of causing this
activation such as Epstein-Barr virus and LPS (Roitt et al, 1998).

NO synthesis in human lymphocytes is questionable but cytokines secreted by
activated lymphocytes regulate NO synthesis in macrophages. T-helper -1 lymphocytes
synthesize cytokines known to induce iNOS whereas Th-2 cells produce suppressive
signals for iNOS in murine macrophages (Moncada 1992 et Langrehr 1993). Futhermore
NO synthesized by the activated macrophages can inhibit the secretion of cytokines by
Th-1 cell but has no effect on cytokine production by Th-2 cells (Taylor-Robinson,
1994). Thus NO may serve as a mediator of the negative feedback regulation of the
lymphocyte mediated immune response aiming to avoid over-shots of the reaction. This
idea is supported by the in vitro data that in a co-culture of macrophages and T

lymphocytes stimulated with Staphylococcal products the activated T lymphocytes



produced cytokines which induce NO synthesis in macrophages and this NO in turn
inhibits T-lymphocyte proliferation (Isobe, 1992).

Macrophages arise from myeloid precursors. Macrophages have two important
functions: phagocytosis, and cytokine production. They do not pass through the thymus
and do not have an antigen receptor. On their surface, they bear class 2 MHC proteins
which play an essential role in antigen presentation to helper T cells.

The first main function is phagocytosis. Macrophages ingest bacteria, viruses,
apoptotic bodies, cellular debris and other foreign particles. They have surface Fc
receptors that interact with the Fc portion of immunoglobulin, thereby enhancing the
uptake of opsonized organisms.

The second function is cytokine production where the macrophages produce numerous

cytokines; three important inflammatory cytokines are IL-1a, IL-1p, TNFa.

Local Effects of Periodontitis and Inflammation

Much of periodontal tissue destruction observed in periodontitis is host mediated
through release of proinflammatory cytokines by local tissues and immune cells in
response to the bacterial flora and its products/ metabolites, especially LPS
(lipopolysaccharide) (Socransky, 1992).

Two major proinflammatory cytokines implicated in the progression of periodontal
disease are TNFa and IL-1. Both IL-1 and TNF induce several events associated with
inflammation and tissue destruction (Dinarello, 1996, Bazzoni, 1996, Ridderstad, 1991).
They induce up regulation of adhesion molecules in leukocytes and endothelial cells,

leading to enhanced migration from the vascular lumen into interstitial connective tissue.



IL-1 and TNF can also induce expression of chemo tactic mediators, stimulate the
production of lytic enzymes in a variety of cell types and enhance phagocytic activity and
osteoclast formation. For many of these activities, IL-1 and TNF are synergistic (Graves,
1998). In diabetic patients they found significantly higher levels of TNFa in
gingival crevicular fluid, compared to non-diabetic controls matched for periodontal
disease severity. This may be explained by im vifro findings that peripheral blood
monocytes from diabetic individuals produce significantly more TNFa than individuals
without diabetes (Salvi et al 1998). Thus diabetics may over produce TNF- which
increases the risk for bone resorption and loss of periodontal attachment. In primate
model of experimental periodontitis, application of antagonists to IL-1 and TNF resulted
in an 80 % reduction in recruitment of inflammatory cells in proximity to the alveolar

bone and a 60% reduction in bone loss (Assuma R et el, 1998).

Diabetes and Periodontal Inflammation

It is generélly accepted that there is an association between diabetes and periodontitis.
Periodontitis is a chronic inflammation represented primarily
by anaerobic Gram-negative oral infection leading to gingival inflammation, destruction
of periodontal tissues and loss of alveolar bone and exfoliation of teeth in severe cases
(Iacopino and Anthony, 2001).

Porphyromonas gingivalis is an obligately anaerobic non-motile, gram-negative rod
and it is thought to be an important pathogen in periodontitis. It colonizes sub gingival
sites and causes gingival inflammation, spontaneous gingival bleeding with ongoing loss

of periodontal attachment and crestal alveolar bone (Male et al, 1994).
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P. gingivalis possesses several virulence factors that are likely to define its interaction
with host cells. These include production of fimbriae, hemagglutinating factors, LPS and
its polysaccharide capsule. P gingivalis fimbriae and LPS play a major role. Fimbrias
(pili) are proteinaceous, filamentous, and nonflagella appendages which project outwards
from the bacterial cell surface and often play an important role in virulence by facilitating
bacterial attachment to host cells (Njoroge et al, 1997). P. gingivalis pathogenicity has
the ability to adhere to tooth surfaces and invade sulcular epithelium. Its fimbriae play a
central role in both processes.

The outer leaflet of Gram negative bacteria contains lipopolysaccharide. (LPS) LPS is
a compound or complex of lipid and carbohydrate. P gingivalis (LPS) induces a number
of inflammatory mediators including PGE2, IL-1 and IL-8 (Darveau et al, 2000).

Recent investigations concerning the relationship between diabetes and periodontitis
show alterations of immune cell phenotype and elevation of serum proinflammatory
cytokine/lipid levels (Pociot et al, 1993, Salvi et al, 1997, Doxey et al, 1998, Iacopino,
1995, Cutler et al, 1999). Most recent studies have demonstrated that periodontitis itself
can produce these same alterations and in the presence of diabetes produces exacerbation
of these changes (Cutler et al, 1999, Prabhu et al, 1996, Salvi et al, 1998, Ebersole et al,
1999, Iacopino et al, 2000).

Microscopic examination of tissue specimens collected from patients with periodontal
disease indicates that normal tissue architecture is altered in association with the
accumulation of T and B lymphocytes, plasma cells and the presence of large numbers of

PMN in the junctional and sulcular epithelium and gingival crevice (Page and Schroeder,
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