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PREFACE

Advances in the area of skin immunology have been increasing at an

explosive rate. With the discovery of skin associated lymphoid tissues and

classification of the cells associated wilth this system, much has been learned

about how the mammalian body protects itself from invasion by potentially

harmful environmental factors. The purpose of this study was to determine, in

part, the effect of staphylococcal enterotoxin A (SEA) on cells of the epidermis

with regard Langerhans cell migration and cytokine production. This was

achieved by Langerhans cell enumeration in murine epidermal sections

following exposure to SEA, interleukin-1 a and tumor necrosis factor a through

immunohistochemical staining.

Results suggested that keratinocyte derived interleukin-1 a and tumor

necrosis factor a playa pivotal role in inducing Langerhans cell migration from

the skin to the draining lymph node in response to antigenic challenge with SEA.

Application of these two cytokines directly to skin sections resulted in depletion

of Langerhans cells from the epidermis equivalent to that observed by treatment

with SEA. Furthermore, the effects of interleukin-1 a and tumor necrosis factor a

were blocked by pre-treatment with neutralizing antibodies against each

cytokine.
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CHAPTER I

LITERATURE REVIEW

Integument

The integument, or skin, is the largest organ in the mammalian body and for

many years, was the most misconstrued of all the organ systems. It has been

widely accepted that the skin serves as a protective barrier, shielding the

internal workings of the body from the potentially harmful effects of dehydration,

toxic compounds and a vast array of infectious microorganisms and insects.

However, the technologies of modern science have enabled many investigators

to look beyond the surface of the skin and now associate the processes of

temperature regulation and neuronal stimulatory senses of hot, cold and pain

with capillaries and sensory nerves embedded within the deepest layers of the

skin.

The physical barriers that the skin utilizes to effect protective functions are

simple yet elegant in their design. The skin is covered with a fine layer of hairs

'Which serve as a primary deterrent for many biting insects. The outermost layers

of the skin are constantly sloughed off and bathed in salty sweat and acidic, oily

sebum from glands located in the deep underlying layers (48). The acidic nature

of the skins' surface and the constant loss of outermost cells plays a significant
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role in preventing large numbers of harmful microbes from penetrating the

cutaneous surface.

Immunologically, the skin is more than just a physiochemical barrier

protecting the body from the external forces of the environment. In very recent

years, it has been widely established that a specialized relationship exists

between the skin and the immune system that allows for immune protection for

cutaneous surfaces without significant impairment of the skins' physiological

responsibilities (7). This phenomenon is vitally important in understanding the

roles individual, cells of the skin may play in regulating the pathology of many

infectious and potentially fatal diseases. Growing concern over the depletion of

the ozone layer and over-exposure of organisms to the harmful effects of UVB

radiation are of great importance to scientists worldwide. UVB has been shown

to effectively cause the depletion of Langerhans' cells (LC), the major antigen

presenting cell in the cutaneous layers, from mammalian skin (9, 39).The fate of

LC after UVB exposure is unknown but it has been hypothesized that the

absence of these protective cells and the continued exposure to the ionizing

effects of the sun may significantly contribute the onset of skin cancer in

susceptible groups of individuals (39).

Another main focus of skin immunology revolves around the more

cosmopolitan subject of arthropod-borne disease. The World Health

Organization reports that 2.5 million people die each year of malaria alone in

Africa with roughly 1 million of those being children (34). Individuals living in the

Caribbean and parts of southeast Asia are constantly faced with outbreaks of



mosquito-borne dengue hemorrhagic fever. Malaria and other arthropod

transmitted diseases. such as yellow fever. still remain a constant threat to

those living in the jungle regions of Africa and South America. All of these

pathologic conditions are the direct result of an insect bite through the protective

defenses of the skin. More importantly, many researchers have determined that

many arthropods have developed elaborate means by which to modulate the

host immune system at the level of cutaneous immune responses in order to

more effectively obtain a blood meal and thereby transmit pathogens (34).

In the past 20 years, much progress has been made in terms of

understanding the importance of the skin as an immune organ. By examining the

ultrastructure of the integument, further advances can be made in terms of

effectively treating many trenchant pathologic conditions around the world.

The Epidermis

The epidermis is composed of tightly packed layers of stratified squamous

epithelium covered by an insoluble layer of keratin, a protein product of

epidermal epithelial cell differentiation (48). Its primary function is to protect the

collagenous dermar layer beneath it which is richly endowed with sensory

nerves, blood vessels and vessels of the lymphatics. It can be divided into 5

distinct layers: the dermal epidermal junction, the stratum germanitivum or basal

layer, stratum granulosum, stratum spinosum, and the stratum corneum or horny

layer (63). Many different cell types contribute to the integrity of the epidermis,
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all with unique and highly specialized functions. HO'Never, one of the most

important contributions the' cells of the epidermis lend to an organism is the

protection they offer with regards to initiating an immune response.

SALT: Skin Associated Lymphoid Tissue

The highly specialized nature of skin, 'Nhich permits it to carry out its' various

differentiated functions so superbly, requires that immunity expressed within its'

confines be appropriate and consistent with maintenance of the tissue's

physiologic functions (7). There are four functionally distinct cell types in the skin

responsibte for mediating immunity: dendritic epidermal T-cells (DETC) and

circulating lymphocytes, endothelial cells, keratinocytes and Langerhans cells.

Collectively, these cells have become known as skin associated lymphoid tissue

(SALT). The concept of SALT is very recent with the most relevant findings

being made only ten years ago. Keratinocytes contribute 90 to 95% of the actual

cell mass of SALT and therefore create a very rich environment for the other

cellular constituents of SALT because of their innate ability to produce large

quantities of very potent regulatory cytokines (7, 22, 23). Subsets of circulating

lymphocytes serve the skin by accurately identifying pathogenic antigens and

effectively stimulating the appropriate humoral and cell mediated immune

responses. Langerhans cells function as resident antigen presenting cells and

have the unique ability to migrate out of the periphery into the dermal lymphatics

and present antigen to T-helper cells in the draining lymph nodes. Lastly,
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endothelial cells lining the blood vessels will up-regulate and express a variety

of cellular adhesion molecules 'Which function to "traffic" circulating immune cells

to sites of antigen challenge as shown in Figure 1 (7, 63).

Dendritic Epidermal T-Cells

Before understanding the complex physiology associated with the DETC, it is

first necessary to harbor reasonable knowledge concerning the structure and

function of T-Iymphocytes which are capable of circulating to the skin.

Skin seeking lymphocytes are CD4+ T-cells of the helper/inducer phenotype

(7). These cells are responsible for inducing the cell mediated immune response

through a variety of cytokine regulated pathways of cell activation and

proliferation. This is achieved through the binding of the T-cell receptor (TCR) to

a Major Histocompatability Complex Class II (MHC-II) molecule on the surface of

an antigen presenting cell (12). The TCR is a heterodimer composed of an

acidic alpha chain of 45 to 55 kDa and a basic ~ chain of 40 to 50 kDa as

illustrated in Figure 2. These chains are noncovalently associated with the'

gamma, delta and epsilon subunits of the CD3 molecule to form the functional

TCRlCD3 complex as seen in Figure 3 (12). These cells circulate throughout the

blood and home into specific sites of antigenic challenge.

In contrast, DETC do not express the CD4 cell surface antigens nor do they

express the CD8 antigen associated with suppresser T-cells. However, they do

express leukocyte common antigen (LCA) or Thy-1, which is present on both



Figure 1. Skin Associated Lymphoid Tissue (SALT).
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CD4+ and CD8+ T-cell subsets. More importantly, these cells do not circulate in

the blood periphery but are resident in the skin in the suprabasal region of the

epidermis (7). The TCR is marke,dly distinct. It, like its CD4 relative, is

associated with the CD3 molecule, but unlike the CD4 cell, the TCR is

composed of gamma and delta chains (32).

The function of the DETC is still unclear and to date, DETC have only been

observed in mice. It is thought that humans harbor a similar cell type but their

identification has yet to be confirmed. Functionally, DETC are thought to playa

significant role in immune surveillance and tolerance and may possibly be

associated with MHC-I molecules, but no conclusive evidence for either theory

has been officially accepted (5, 37, 51, 64, 65).

The Keratinocyte

Keratinocytes are stratified squamous epithelial cells that differentiate to

produce keratin-- thus the term epidermal keratinocyte (62). Growth occurs in

the basal layers of the epidermis, and as the cells mature, they migrate upward

in columns displacing the keratinized cells above (62). The primary function of

the keratinocyte with respect to SALT is to create a favorable microenvironment

in 'Nhich the other cellular components of SALT can function. Keratinocytes are

known to make a very complex array of cytokines, or proteins, which have

regulatory control over other cells of the body. Some of the most important are

Granulocyte/Macrophage- Colony Stimulating Factor (GM-CSF), IL-3, IL-6,
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Transforming Growth Factor f3 (TGF-P), TNF-a and IL-1 n, which is always

constitutively expressed (7. 36) (see Appendix-I). However, when faced with

epidermal antigenic challenge, these cells have the capability of dramatically up

regulating the expression of many or all of these cytokines.

In addition, keratinocytes possess two other important characteristics which

make them a valuable component of SALT. First, keratinocytes are phagocytic

and have the unique capability of taking up protein antigen and degrading it

through proteolytic cleavage (7). This may be of critical importance with regard

to antigen presentation. Currently, many researchers working in the area of skin

immunology hypothesize that the conversion of large antigenic peptides into

more particulate antigen can facilitate antigen uptake by the true antigen

presenting cells of the skin, the Langerhans cells. However, further research is

needed to support this theory.

Secondly, and perhaps more importantly, keratinocytes can be induced to up

regulate and express MHC-II on their cell surfaces in the presence of T

lymphocyte derived interferon gamma (IFN-y) (7, 45). Morhenn et al. (1988)

showed that keratinocytes incubated with both recombinant INF-y and T-cell

culture supernatants showed positive MHC-II expression in 90% of the cells after

a 2 day incubation (45). It has also been suggested that IFN-y can induce

keratinocytes to up-regulate the expression of cytokines that intensify intra

epidermal immune responses (21, 50) and in 1988, Dustin et al. demonstrated

that IFN-y and TNF-a could increase the expression of intracellular adhesion

molecule-1 (ICAM-1) on the surface of endothellial cells lining the walls of
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draining lymphatics (16). Up-regulated MHC-II can effecHvely aid LC in antigen

presentation to circulating T-cells and cytokine and ICAM-1 expression may

serve to activate T-cells and mediate lymphocyte trafficking thus effectively

initiating a localized immune response.

The Langerhans Cell

Morphology

Langerhans cells are perhaps the most unique cellular component of SALT.

Discovered nearly a century ago by Paul Langerhans, who is best known for his

discovery of the islet of Langerhans within the pancreas, these cells were first

thought to be associated with the nervous system (7). These assumptions were

based on the fact that these cells could be positively stained with colloidal gold

chloride. However, in 1960, Birbeck et al. disputed this finding and considered

them to be derived from epidermal melanocytes (25). The theories as to the

origin and function of LC at the time were based solely on the key morphological

features of the cells first by light microscopy and later with electron microscopy.

Morphologically, LC are very distinct. They are distributed throughout the

body in the stratified squamous epithelium, dermal connective tissues,

lymphatics and associated skin appendages such as sebaceous gland ducts and

outer hair root sheaths (25). In the epidermis, they are located in the suprabasal

layer forming a continuous network and constitute 3 to 8% of the total cells (7,

17). The LC is highly dendritic in appearance and in the skin, these dendrites
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project upward towards the epithelial surface. The number of dendritic

appendages varies and, as a result, Figueroa and Gaorsi (1980) have classified

these cells into five different categories based on the number of dendrites and

the degree of branching (20). LC morphology is demonstrated in Figure 4.

The LG nucleus is extremely large and convoluted looking very much like the

nucleus of granulocytic 'Nhite blood cells. The cytoplasm contains a moderate to

high number of mitochondria, a well developed endoplasmic reticulum and a

very prominent Golgi apparatus (25, 67). However, there are surprisingly few

Iysosomes and those that are present are small and closely associated with the

Golgi region (67). The cells are phagocytic but their potential for phagocytosis is

significantly reduced in comparison to the phagocytic capability of macrophages.

The most distinctive cytoplasmic feature of the LC is the Birbeck granule.

Discovered in 1961 by Birbeck, the "granule" is a rod or racquet shaped

structure of linear, folded membranes enclosing a paracrystalline substance

(25). They are randomly distributed throughout the cytoplasm and in the areas of

the Golgi. They tend to be associated with a swollen, coated vesicle. This

cellular organelle is specific for LC and is the only reliable morphologic marker

for LG identification. Unfortunately, little is known about the origin, fate and

function of the g.ranule and it's study wil'l undoubtedly be a very active venue of

research in the future.

Cell Surface Markers

Like all cells in the mammalian body, LC express distinctive cell surface

markers which serve as recognition sites for regulatory proteins and other
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Figure 4. Langerhans Cell Morphology.
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biomolecules. These markers have also been utilized as a means of LC

identificati·on. During the 1960's, Wolff et al. discovered that LC possess

relatively high amounts of cell surface nucleotide phosphatases, especially

adenosine triphosphatase (ATPase) which could be exploited as a means by

which to better visualize these cells within the skin (67). lC also exhibit surface

marker characteristics reminiscent of those on cells of the monocyte

macrophage lineage in that they express Fc-lgG receptors, complement receptor

C3 and most importantly MHC-II antigens (6, 53, 59, 67). The presence of Fc

and C3 receptors hint towards the fact that LC may be involved in regulating

humoral and complement mediated immune responsiveness while the presence

of MHC-II implicates the LC in activating cell mediated immune responses.

Ontogeny

As previously mentioned, LC were thought to be of neuronal or melanocytic

origin although no direct evidence for either theory has been presented.

However, in 1980, Katz and Tamaki provided the first evidence that lC are bone

marrow derived through the use of bone marrow chimera studies (58). This was

accomplished by observing that LC in the epidermis of an irradiated recipient

mouse strain A reconstituted with an intravenous injection of donor strain B or A

x B bone marrow cells were of B or A x B origin after 3 months. (57, 58). As a

result, previous theories that LC were of monocyte-macrophage lineage have



15

been widely accepted although the process of cell differentiation from monocyte

progenation to LC remains poorly understood.

Function

It has already been established that LC play a vitally important role in

immune functions. Exactly what these cells do with respect to mediating the

immune response has been an area of intense research for the past 10 years

and, as a result, LC have been implicated in regulating allergy, delayed type

hypersensitivity, graft rejection and most importantly, antigen presentation.

LC and Allergy. In 1992, Wang et a!. determined that resident LC in human

epidermis can bind monomeric IgE through a high affinity reoeptor recognized as

FCERI (62). It is of significant importance because cells that are normally

responsible for mediating the allergic response, namely basophils and mast

cells, also express Fc receptors to IgE immunoglobulin.

Under normal conditions, the FCERI aggregation on the surface of basophils

and mast cells generates a series of biochemical events that lead to the release

of histamine, arachidonic acid derivatives and cytokines (4). This phenomenon is

a type of antibody dependent cellular cytotoxicity and results in foreign cell

death through cell mediated lysis. In contrast, LC aggregation of the FCERI on

the cell surface leads to the internalization of antigen by receptor mediated

endocytosis via coated vesicles and endosomes (4). At this point, researchers
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can only speculate as to the true purpose of this function but it is believed that

the Fc receptor mediated endocytosis of antigen plays a role in contact

hypersensitivity and priming for antigen presentation.

LC and Contact Hypersensitivity. Delayed type contact hypersensitivity

(DTH) results \Nhen an immunogen applied to the skin of a sensitized individual

produces erythema and swelling as a result of accumulation of inflammatory

cells such as lymphocytes, monocytes, macrophages and basophils around the

capillary beds within the dermis (12). This process takes 24 to 72 hours to occur

and the primary lymphocyte involved in this response is the CD4+ T-cell. In

order for these cells to be active in mediating this type of immune response,

antigen presenting cells must be present. Because macrophages do not

normally enter the epidermis, the LC has been implicated as the primary APC

involved in the DTH response at the cutaneous level.

In 1987, Macatonia et al. demonstrated that dendritic cells can be isolated

from draining lymph nodes of mice \Nhose skin was painted with contact

sensitizers prior to harvest (41). These antigen presenting cells were positively

identified as LC in 1980 by Silberberg-Sinakin and Thorbecke through the use of

ferritin as a topical antigen and electron microscopy (55). These studies showed

that the antigenic ferritin was readily taken up by LC and seen on their surfaces

and within membrane bound inclusion bodies of the cytoplasm (55). It is now

conclusive that LC are the primary cells in the epidermis capable of inciting a

DTH reaction in response to repeated immune challenge with topical antigen
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and upon antigenic stimulation. During these responses, these cells migrate out

of the epidermis to regions of the draining lymph nodes (30).

LC and Graft Rejection. Because LC are directly implicated in DTH through

the uptake of antigen and subsequent migration to the draining lymph node, LC

have also been implicated as being the primary inducers of allograft rejection.

MHC-II or IA bearing dendritic cells arriving in the lymph node following contact

sensitization at the site of a skin allograft were found to be of graft donor origin

(14). Furthermore, the dendritic cells accumulating in the lymph nodes have

been shown to contain Birbeck granules characteristic of LC. As a result,

activated T-cells migrate to the graft si,te and destroy donor tissues and mediate

graft rejection.

LC and Classical Antigen Presentation. Antigen presenting cells (APC)

display a number of unique immune functions, such as phagocytosis and

cytotoxicity (7, 12). Most importantly, APC have the uncanny ability to present

foreign antigen in association with self MHC-II to antigen-reactive lymphocytes

(12). This process is absolutely essential when an organism is faced with

antigenic challenge because humoral and cell-mediated immunity cannot occur

efficiently in the absence of APC.

Antigen presenting cells express self MHC-II surface antigens. Class II

antigens are glycoproteins consisting of two noncovalently linked alpha and beta

peptide chains. Each chain consists of extra cellular domains a1 and a2 and ~1

t I
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and ~2, a connecting peptide, a transmembrane region and a cytoplasmic tail as

sho'NTl in Figure 5 (12). In the classical concept of antigen presentation, APC

encounter foreign antigen and internalize the particle via endocytosis to form a

phagosome. It is here that the antigenic particle is proteolytically degraded into

smaller particles. Elsewhere in the cytoplasm, MHC-II molecules are assembled

and transported to the Golgi where they are coupled to the degraded antigenic

particles, packed into Golgi vesicles and re-expressed on the cell surface. The

classical model of antigen presentation is depicted in Figure 6.

It is important to note how critical MHC expression is with respect to ind.ucing

an effective immune response, for it is this particular peptide configuration which

presents and effectively binds to the TCR. Neither MHC-II nor antigen alone can

activate T-cells, the reason being that the TCR is highly specific. The MHC-II

molecule binds antigen wtthin a peptide binding groove located between the a

and ~ chains. As previously mentioned, the TCR a and ~ chains are in close

association with the CD3 molecule on the cell surface (12). When the APC

presents antigen to the T-cell, the MHC-II a chain binds to the TCR a chain and

the MHC-U ~ chain binds to the TCR ~ chain with the antigen sandwiched in the

recognition groove formed by the joining of the two molecules as shown in

Figure 7. It has not been determined exactly how the physical act of APCfTCR

binding initiates T-cell activation through the TCR but it is believed to be a

conformational change in the antigen bound MHC-II molecule which allows for

the correct binding interactions(12).
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Figure 5. MHC II Molecule Protein Structure.
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T-Cell Activation

The binding of the T-cell to the LC is the first step in the initiation of the skin

immune response (61). Subsequent steps involve a complex cascade of

cytokines produced primarily by the activated T-cell. The first gene product

expressed is interleukin-2. This cytokine is an autocrine growth factor for the

activated T-cell. Il-2 production induces the increased expression of Il-2

receptors on the T-cell surface lNhich binds more Il-2 leading to T-cen

proliferation and clonal selection (18). Activated T-cells also secrete IFN--y, a

very potent cytokine capable of up-regulating MHC-II expression 011 cells, such

as keratinocytes, lNhich do not express MHC-II under normal conditions (23).

IFN--y also functions to enhance Il-2 receptor expression on resting T-cells, up

regulate IgG Fc receptors on polymorphic nuclear cells and plays a pivotal role

in aiding the body in clearing viral particles from circulation (23). Activated T

cells can also secrete TNF-a and ~, Il-3, Il-4, Il-S, Il-6, Il-7 and GM-CSF (11).

After T-cell proliferation and clonal selection, the activated T-cells leave the

lymph node via the efferent lymphatics V'tIhich empty directly into the circulatory

system. Once in circulation, adhesion molecules expressed on endothelial cell

surfaces function to "home" T-cell to the original site of antigenic challenge

where they are manifested in a full scale cell mediated response (7, 61).

Cytokines

In order to fully comprehend the magnitude of the skin immune response, it is

important to understand which biomolecules regulate the response, effectively
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Figure 7. MHC III TCR Interaction During Nominal Antigen Presentation. The
location of antigen is situated in the antigenic peptide binding
groove between the MHC and TCR molecules.
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turning it on and off with the advent of immune challenge and subsequent

antigen clearing.

Cytokines are proteins which are secreted from producer cells that bind to

specific receptors on the surfaces of target cells. Their mode of action is brought

about inside the target cell by signal transduction across the plasma membrane

(11) although many of these transduction pathways are complex and poorly

understood. Functionally, cytokines have many physiological roles in

multicellular organisms, most of which are dual or overlapping, such as

regulating hematopoiesis, inflammatory responses and control of cytotoxic and

phagocytic cells (11). Most importantly, cytokines are involved in regulating

lymphocyte proliferation and the production of other cytokines.

In the epidermis, keratinocytes are the main cytokine producing cells (7, 26,

44). They secrete a broad spectrum of cytokines of various functions. For the

purpose of this research, 11-1 a and TNF;x are the most relevant.

IL-1 a was originally called lymphocyte activating factor (LAF). It is a 17 kDa

g,lycosylated peptide and is secreted in a precursor form which is later

proteolytically cleaved to form the active molecule (22). Keratinocytes express

IL-1 a constitutively and dramatically up-regulate it's synthesis under specific

conditions (7). IL-1 a is absolutely essential for the proper activation of

peripheral T-cells. After MHCfTCR binding and antigen recognition, the APe up

regulates the expression of IL-1 a which binds to numerous Il-1 a receptors on

the surface of the T-cell. IL-1 a binding activates the transcription of FOS and

other important proliferative cytokines (11).
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In addition to T-cell activation, IL-1 a has also been implicated in the

activation of other immune cells, such as 8-cells, monocytes, granulocytes and

macrophages, and its expression can be induced by IFN-y (11,22).

TNF-o:, like IL-1 a , is also a 17 kDa polypeptide derived from an inactive

precursor. It exists in multimers of two to three identical subunits containing

many potential glycosylation sites (23). TNF-o: is primarily secreted by activated

monocytes or macrophages. In the epidermis, TNF-o: is produced by the

keratinocyte (26). TNF-o: production can be induced by a wide range of stimuli.

Primary inducers of TNF-o: are bacterial endotoxins such as lipopolysaccharide

(LPS). TNF-o: can also be induced by other cytokines, most importantly IL-1 a

and IL-6. Once secreted, TNF-o: will bind to TNF receptors located on the

surfaces of a variety of cell types and be internalized and degraded via a

lysosomal pathway (23, 42). Results of TNF-a. binding are manifested in very

substantial cellular responses.

TNF-a. functions primarily in the activation of polymorphonucl,ear cells, T-cells

and B-cells, inducing them to proliferate and secrete immunomodulating

cytokine. Upon antigenic challenge with bacterial endotoxin, TNF-o: has been

implicated as being a primary mediator of septic shock (11 I 42) and in some

cases has been shown to have a direct cytostatic or cytotoxic effect on some

tumor cells (11). However, with regard to the experimental procedures presented

here, it is most important to note that TNF-a has the ability to up-regulate the IL

1 a indicating that these two cytokines are synergistic in their activities.

---------------- . I
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Superantigens

The concept of the superantigen was brought to the forefront of immunolgical

research in 1973 when Festenstein described unmapped gene loci encoding

antigens that generated vigorous mixed leukocyte reactions (MLR) between

major histocompatability complex non-identical strains of mice (19). Subsequent

analysis determined that the responding cells of the MLR were T-cells and the

antigens which stimulated their proliferation were encoded for in a loci in B

lymphocytes. As a result, these proteins were initially called minor lymphocyte

stimulating antigens (Mis) or endogenous superantigens. With respect to their

activity, Kappler et. al 1989 were able to show deletion of T-cell subsets from

mice expressing the Mis antigens and that these subsets were defined by the

variable ~ (V~) region on the TCR (29).

Further examination of endogenous superantigens revealed that these

unique proteins were the result of viral DNA integration and protein expression

within the host chromosome at a specific gene locus (1, 2). These findings

fueled aggressive analyses of many viral infections in both mice and humans for

the presence of viral superantigens. The most extensive research initially

focused on mouse mammary tumor virus (MMTV).

MMTV was discovered at the end of the last century and was on of the first

oncogenic retro-viruses described (2). To date, there are 53 known MMTV gene

loci, 3 of which encode for superantigens (2, 56). In 1991, it was discovered that

the nucleocapsid (N protein) of rabies virus also acts as a superantigen and

. I
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currently, Epstien-Barr virus and human immuno-deficiency virus are under

intense scrutiny in order to determine whether or not they also harbor potential

superantigenic proteins (27).

With the discovery of endogenous viral superantigens, attention shifted

towards a broad spectrum of bacterial proteins known to cause septic conditions

in humans and lesser mammals. Janeway et al 1989 and Murray et al 1995

determined that many staphylococcal strains and group A streptococci produce

exogenous superantigens (28, 47). The bacterial superantigens are 22 to 30

kDa pyrogenic proteins that are acid, heat and protease resistant (47). Most of

the exogenous superantigens contribute to several acute illnesses such as food

poisoning, toxic shock syndrome, septic shock and several autoimmune

disorders (27, 47). Other bacteria known to produce disease causing

superantigens include various strains of Yersinia, Pseudomonas and

mycoplasma (43).

For the purposes of this research, discussions pertaining to superantigens

will focus on properties of antigenic peptides produced by Staphylococcus

aureus.

Superantigen Functions

As previously mentioned, superantigens stimulate T-Iymphocytes in a manner

that depends upon the compositions of the variable region on the p chain of the

TCR (27). In nominal antigen presentation, antigen/MHC-lI binding induces T-
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cell specificity due to the interactions of several variable elements built into the

TCR, notably Va, Vj3, Ja, J~ and Op. (27, 44). It has been shown that the

variable regions of the a and p chains of the TCR interact to form a ligand

binding site similar to that formed by the heavy and light chains of the

immunoglobulin molecule (44). Once formed, the ligand binding site then

contacts both the a and p chains of the MHC-II molecule with the antigen

sandwiched in the groove created between the two molecules. This binding then

augments the production of cytokines and up-regulates clonal expansion of the

activated T-cell (13).

In contrast, superantigens do not require antigen procession and internal

MHC coupling by an APC in order to stimulate and immune response (10, 27,

47) but rather bind directly to the MHC-II molecule and the TCR outside the

conventional antigen binding groove as seen in Figure 8 (27). Upon MHC-II

binding, the superantigen/MHC-1I complex interacts and binds only to the Vp

region of the TCR (27, 47). All other variable regions of the TCR appear to play

no detectable role in superantigen binding and, as a result, this allows for a very

non-specific activation on any T-cell with the correct Vp element (27).

Consequences of Superantigen Exposure

Superantigenic challenge results in an immune response that is immediate

and dramatic. The first event after exposure involves the binding of superantigen

to exposed MHC-II on the surface of and APC (27, 43). This is follo\Ned by an

...,
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explosive release of cytokines, such as TNF-a. and IL-1 <x, from APC's (27, 43,

47). Superantigen is then presented to T-cells expressing the appropriate V~

TCR chain. :It is important to note two fundamental elements of superantigen

presentation.

First, IL-1 a is absolutely essential for the up-regulation and expression of the

IL-2 receptor and corresponding cytokine in order to drive T-cell proliferation

following activation (10, 11, 43). Second, in nominal antigen exposure, fewer

than 1 in 10,000 T-cells are activated in order to produce a sufficient immune

response (27, 47). However, because superantigens react with the Vp region of

the TCR, as many as one-fifth of all T-cells may be stimulated by a particular

superantigen (10, 27, 43, 47).

This massive, non-specific T-cell activation induces an even greater release

of cytokines with TNF-a. being the first one to two hours immediately following

exposure and IL-1 a and IL-2 reaching maximum levels two to four hours after

exposure (43).

Eventually, the superantigen activated T-cells undergo clonal deletion by

apoptosis three to four days after activation. Subsequent exposure to the same

superantigen results in T-cell anergy of a state of immune unresponsiveness in

which the T-ceU does not produce lL-2 or the 'IL-2 receptor and therefore, does

not proliferate ( 11, 43, 47).

Physiological consequences of superantigen exposure can be extremely

dangerous and often times fatal if left unchecked. With respect to staphylococcal

enterotoxins, the first problem arises from the livers' inability to effectively clear
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Figure 8. MHC III TCR Interaction During Superantigen Presentation. The
location of antigen is situated outside the antigenic peptide binding
groove and is bound to the pregions of the MHC and TCR.
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the toxin from the body (27). This enhances an exogenous superantigens' lethal

effects by 105 fold thereby increasing the severity of symptoms in an infected

organism (47).

Secondly, the massive release of cytokine, particularly TNF-a, results in

septic shock (10,27,47). Septic shock is known to be mediated by TNF-a and is

characterized by capillary leakiness of fluid into intracellular spaces causing

pain swelling (23).

Finally, superantigens have been implicated in autoimmune mediated

disorders such as rheumatoid arthritis and multiple sclerosis. The release of

cytokines, such as TNF-a and IL-1 n, in response to superantigen exposure are

believed to playa significant role in the activation of self-reacting T-cells that

escaped clonal deletion within the thymus (47, 22, 23). These activated T-cells

attack synovial tissues within the joints and augment tissue destruction, thus

causing the painful and debilitating symptoms of arthritis. Likewise, multiple

sclerosis occurs when self reacting T-cells cause demyelination ofaxons and

chronic inflammation of eNS components (27, 47).

SEA Involvement in the Skin Immune Response

It has long been established that UVB radiation can induce LC migration from

murine skin (3, 8, 39). However, the signals which initiate this migration have

remained poorly understood. Burnham et al (1993) were able to show that UVB

radiation induced LC depleti.on could be blocked by a panel of of inhibitors
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known to block PKC, protein kinase associated G-proteins, GTP binding

proteins, transcription and translation (9). These results suggested that LC

depletion induced by UVB may involve a G-protein as well as de novo protein

synthesis (9).

With the discovery of superantigens and the knowledge of their unique mode

of immune cell activation, Pickard et al (1994) tested a selection of

staphylococcal superantigens in order to examine the role LC MHC-II might play

in immuno-modulating components of SALT (52). SEA was found to be the most

potent enterotoxin resulting in almost complete LC depletion from the epidermis

upon exposure.

In addition, experiments involving inhibitors of PKC, G-proteins, G-protein

associated kinases, cAMP, transcription and translation all suggested that, like

UVB induced depletion, SEA induced depletion involved a GTP binding protein

and the synthesis of an unknown regulatory molecule or molecules (52). These

molecules were hypothesized to be cytokines.

Shankar et al (1996) discovered that the addition of SEA directly to murine

epidermal cell suspensions resulted in elevated levels of IL-1 a. and to a lesser

extent TNF-a when quantitated by Enzyme Linked Immunosorbent Assay

(ELISA) (54). It was also observed that IL-1 a secretion by epidermal cells after

treatment with SEA involved PKC (54).

Based on these findings, this research focuses on the possible roles IL-1 a

and TNF-a playas primary inducers of LC migration when faced with antigenic

challenge with SEA.
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Objectives and Hypothesis

The primary objective of this research was to determine whether or not the

SEA induced production of IL-1 ex. and/or TNF-a could effectively stimulate LC

depletion thus implication these two cytokines as initial mediators in the

signaling pathway of LC migration.

Specific objectives addressed the following:

1. Can the depletion effects observed by SEA be blocked with antibodies against

IL-1 ex. and TNF-a?

2. Do IL-1 ex. and TNF-a induce LC migration from the skin?

3. Can the depletion effects observed by IL-1 ex. and/or TNF-a be 'blocked by

neutralizing antibodies?

4. Does a synergism exist between IL-1 ex. and TNF-a in their abilities to induce

LC migration?
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CHAPTER II

MATERIALS AND METHODS

Animals

The animals used in this study were 6 to 8 week old female Balb/c strain mice

obtained from Charles River (Wilmington, MA) and Jackson Laboratories (Bar

Harbor, ME). All animals were maintained in Laboratory Animal Resources, a

licensed facility at the School of Veterinary Medicine at Oklahoma State

University.

Buffers and Media

Phosphate buffered sa'line solution (PBS) containing 0,15 M sodium

phosphate was used to hydrate skin sections during the preparative phase of

each experiment in addition to preparing solutions of bovine serum albumin

(BSA), non-fat dry milk and antibody dilutions. One liter of PBS contains 1.15 g

anhydrous sodium phosphate (Na2HP04, Sigma Chemical, St. Louis, MO), 0.2 g

monobasic potassium phosphate (KH2P04, Fisher Scientific, Fairlawn, NJ), 8.0 g

sodium cholride (NaCI, Baker Chemical Corp., Phillipsburg, NJ) and 0.2 g
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potassium chloride (KCI, Fisher) adjusted to 7.2 and then sterilzed by

autoclaving for 20 minutes at 15 psi.

Solutions of bovine serum albumin (2, 5 and 10%) were prepared using

crystalline BSA fraction V (Fisher) and filter sterilized by vacuum filtration

through a 0.21l Vacucap™ filter (Gelman Sciences, Ann Arbor, MI).

Tris buffered saline with 50mM Tris-HCI and 0.05% Tween-20 (TBS-Tween)

was used to wash epidermal sections during immunohistochemical staining. One

liter ofTBS-Tween contains 138 mM NaCl, 2.7 mM KCI, 50 mM tris-HCI (Sigma),

and 1.5 g Tween-20 (Sigma) in disWled deionized water.

In all experiments, skin sections were cultured in sterile Cellgro™ RPMI 1640

media (Mediatech, Washington, DC} supplemented with 10% fetal bovine serum

(FBS, Sigma), 2.0 mM L-glutamine (Sigma), 100 U/mL penicillin (Sigma), 0.1

mg/mL streptomycin (Sigma), 0.1 mM MEM non-essential amino acids (Sigma),

0.1 mM sodium pyruvate (Sigma) and 0.1 mg/mL gentamycin sulfate (Sigma). All

media was filtered through a 0.2 ~ VacucapTM filter.

Toxins and Cytokines

Staphylococcal enterotoxin A (SEA, Toxin Technologies, Sarasota, FL), was

applied to epidermal sections in concentrations of 50mg/mL and 100mg/mL

dimethyl sulfoxide (DMSO, Sigma) in 25~L volumes in order to induce LC

migration. Controls were pure DMSO with no cytokine or toxin.
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Likewise, recombinant murine interleukin-1 a (Sigma) and tumor necrosis

factor a (Sigma) were also used to study LC migration through topical

application in a DMSO vehicle.

Antibodies

Purified mouse-anti- mouse lad monoclonal antibody (Mab, Pharmingen, San

Diego, CA) was used to positively stain MHC-II or la surface antigen on LC

following experimental treatment. This antibody is an IgG isotype and is specific

for the la molecules of the H_2d haplotype.

IgG fractions of polyclonal rabbit-anti-mouse IL-1 a and TNF a (Genzyme,

Cambridge, MA) were administered in intraperitoneal injections for neutralization

in a concentration of 100/-lg/ml PBS.

Monoclonal hamster-anti-mouse IL-1 a and TNF a. (Genzyme) and

monoclonal hamster-anti-mouse sheep red blood cells (SRBC) harvested from

ascites (Cedar Lane, Westbury, NJ) were used in in vivo studies. All polyclonaf

and monoclonal antibodies were of the IgG isotype.

Whole rabbit serum (Sigma) was used as a control serum for in vitro studies.

Preparation of Tissue Sections

All mice in the study had the dorsal hair removed by shaving followed by

addtional removal with an over-the -counter depilatory (Neat™) and then

euthanized in an ether chamber. The dorsal skin was then rinsed thoroughly with

...
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sterile distilled water and 70% ethanol to maintain sterility and surgically

removed in a sterile laminar flow hood.The skin was then placed in a sterile

plastic petri dish and sectioned into the appropriate number of 1cm2 pieces with

a surgical scalpel.

Falcon™ 24 well tissue culture plates (Fisher) were prepared for skin culture

by placing 1.5 cm sterile antibiotic filter discs (Fisher) 3 per well, which were

then saturated with 600 ~L supplemented RPMI 1640 media. Individual skin

sections were then aseptically transferred to each well and placed epidermal

side up on the center if each disc. Fol'lowing experimental treatments, all

sections were incubated at 3r C with 5% carbon dioxide for 48 hours.

Harvesting Epidermal Sections

In order to enumerate epidermal LC through immunohistochemical staining,

the epidermis must be sperated from the dermis while maintaining its integrity.

This was achieved by floating each skin section after culture epidermal side up

on 2M sodium bromide (NaBr, Sigma) in a 24 well plate for 1 hour at 3r C with

5% carbon dioxide. After incubation, the epidermis was gently scraped off the

dermis as a thin sheet using a scalpel blade in a petri dish of sterile PBS. The

epidermal sections were then stored in PBS prior to staining.

Immunohistochemical Staining

Tissues were fixed for staining using HistoChoice™ tissue fixative (Fisher) for
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20 minutes at 4°C. The samples were then incubated with 3% hydrogen

peroxide (H20 2, Sigma) to quench endogenous peroxidase activity. Using a

solution of 2% Carnation™ non-fat dry milk the sections were blocked at room

temperature with gentle shaking for 2 hours. Blocking with a benign protein

solution prevents non-specific binding of antibody to the well plate walls and

random exposed sites on the skin sections. The primary antibody, anti-mouse

lad, was diluted 1: 100, applied to the skin sections and allowed to incubate over

night at 4°C with gentle shaking. The remaining reagents were components of

the Vecta Stain Elite ABC Kit (Vector, Burlingame, CA). A biotinylated secondary

antibody was diluted 1: 10,000 and incubated under the same conditions as the

primary antibody. Following secondary antibody binding, an aviden/peroxidase

enzyme complex was allowed to couple to the antibody bound sections at room

temperature for 1 hour. AEC peroxide substrate was then added to visualize

antibody bound lC.

Experimental Treatments

Cytokines and SEA were delivered topically to each skin section for cult.ure in

vitro and in vivo via a DMSO vehicle in 25JlL quantities. Blocking antibodies were

diluted in sterile PBS to a final concentration of 100 ~g/mL PBS and delivered

intraperitoneally in 100 III volumes. These antibodies were then allowed to

circulate sytemically for 2 hours prior to skin harvest.
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CHAPTER III

RESULTS

The main objective of this study was to develop a better understanding of

how superantigens and the cytokines they induce modulate components of the

skin associated lymphoid tissues. Speciifically, this project focused on SEA

induction of IL-1 a and TNF-a expression and the possible roles these cytokines

play in stimulating LC migration from the epidermis to the draining lymph nodes.

In vitro Studies

Effects of IL-1a. and TNF-a on In Vitro LC Depletion

In order to ascertain how IL-1 a. and TNF-a affect epidermal LC, cytokine

levels observed by Shankar et al (1996) upon epidermal cell exposure to SEA

were sequentially doubled in the amount expressed above the constitutive levels

in order to produce dose response curves. IL-1 a was increased in increments of

34.0 pg/mL while TNF-a was increased in increments of 11.7 pg/mL. All cytokine

dilutions were made in DMSO, applied to prepared skin sections and incubated

for 48 h at 37° C in the presence of 5% carbon dioxide. After culture, epidermal

sheets were removed and IA+ cells stained via immunohistochemical
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techniques. Figures 9 and 10 depict the results of these experiments. As shown

lin Figure 9, increased levels of IL-1 a effectively stimulated the depletion of LC

form the epidermis. TNF-a did not cause a dramatic depletion in LC but rather

an initial depletion that tended to level out despite an increase in cytokine

concentration (Figure 10).

Effects of Blocking LC Depletion by SEA with

Polyclonal Anti IL-1 a. and Anti TNF-a.

Antibodies In vitro

As previously noted, Pickard et al (1993) showed that SEA can effectively

cause LC depletion from the epidermis (52). Prior to harvesting the epidermis for

tissue culture, each mouse was intraperitoneally injected with 100 III of PBS as

a control, or polyclonal anti Il-1 a or antiTNF-a. diluted to a concentration of 100

Ilg/mL. The mice were rested for two hours to allow for systemic circulation. Skin

sections were harvested, treated with SEA and incubated for 48 h at 37° C in

the presence of 5% carbon dioxide. This was done to investigate whether or not

antibodies against IL-1 a and TNF-a could effectively block lC depletion

induced by SEA. As seen in Figure 11, SEA in both 50 Ilg/mL and 100 Ilg/mL

amounts caused LC depletion. Treatment with anti IL-1 a blocked LC depletion

by both SEA concentrations while treatment with anti TNF-a blocked depletion

but to a slightly lesser extent. These data implicate both IL-1 a and TNF-a as

primary mediators of SEA induced LC depletion from the epidermis.
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Figure 10. In vitro LC Depletion by TNF-Q.. The values expressed are
the mean generated by pooling data from 3 separate
experiments.
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.Effects of Blocking LC Depletion by IL-1 a and TNF~

with Polyclonal Anti IL-1 a and Anti TNF~

Antibodies In Vitro

To determine whether of not IL-1 a. and TNF-a. are involved in the induction

signals of lC migration, recombinant Il-1 a. and TNF-a. were diluted to

concentrations known to cause maximum LC depletion. This information was

obtained from the dose response curves. Prior to cytokine treatment, the

appropriate PBS control and antibody dilutions were administered to sample

mice which were then rested for two hours as previously described. Thi.s was

followed by skin removal, cytokine application and 48 h incubation at 37° C in

the presence of 5% carbon dioxide. Figures 12 and 13 clearly demonstrate that

both cytokines are capable of inducing LC depletion based on the fact that pre-

treatment with antibodies to both cytokines effectively inhibited the migration of

LC from the skin.

An In Vitro Investigation of Possible

Cytokine Synergism

This study was conducted in order to test whether or not IL-1 a and TNF-a

have synergistic effects in their abilities to induce lC migration. Sample mice

were again pre-treated with the appropriate PBS control, anti SRBC control and

polyclonal antibodies prior to tissue culture. This was followed by topical

treatment with the designated cytokine and 48 h incubation at 3"f C in the
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presence of 5% carbon dioxide. Figure 14 indicates that there is no statistical

difference between the anti SRBC/IL-1 a and anti SRBCfTNF-a groups.

However, a difference was observerd between the anti SRBC treated groups

and the DMSO/PBS control. Again, anti IL-1 a and anti TNF-a effectively

blocked LC depletion by IL-1 a and TNF-a. Anti IL-1 a failed to block LC

depletion by TNF-a thereby suggesting that TNF-a alone can induce LC

migration while anti TNF-a blocked LC depletion by IL-1 a.

In vivo Studies

SEA Mediated LC Depletion In Vivo

All in vivo experiments were conducted to substantiate in vitro findings.

Following removal of dorsal hair and surface sterilization of skin with 70% EtOH,

sample mice were treated with IOOllg SEAlmL DMSO vehicle at the base of the

neck. Mice were kept in isolation for 48 h with the treated skin sections being

harvested at the end of the incubation. Epidermal sections were removed by the

same method employed in the in vitro studies and IA+ cells enumerated via

immunohistochemical staining. Figure 15 shom significant LC depletion by SEA

comparable to that observed in the in vitro studies.

LC Depletion with IL-1 a and TNF-a In Vivo
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This set of experiments focused on the effects of IL-1 a. and TNF~ and their

ability to induce LC migration in vivo. The experimental parameters \Vere

identical to the SEA in vivo studies with LC enumeration via

immunohisotchemical staining. IL-1 a. applied to the skin surface at a

concentration of 372 pg/mL to induced lC migration comparable to that

exhibited by treatment with SEA (Figure 16). These findings parallel those

observed in the in vitro experiments.

When TNF~ was applied to the skin in a concentration of 127 pg/mL, LC

depletion was observed comparable to that seen by SEA. However, there was a

marginally higher level of LC depletion in vivo 'Nith TNF~ than was observed in

vitro. Although the depletion levels differ slightly between the two studies, they

do not exhibit a significant statistical difference and therefore, the higher level of

depletion observed in the in vivo study might possibly be attributed to the affects

of other immune components in the cytokine network.

Effects of Blocking LC Depletion by SEA with Monoclonal Anti IL-1 a. and

Anti TNF-a Antibodies In Vivo

Sample mice were pretreated with 100 ilL volume intraperitoneal injections

of PBS, anti SRBC, anti IL-1 a or anti TNF-a dilutions. Following a two hour rest

period, mice were administered 100 ilL volumes of SEA in DMSO on the dorsal

skin and kept isolated for 48 h. Skin sections were removed, epidermal sheets

isolated and immunohistochemically stained for IA+ cells. Figure 17 shows that

:!i.
'..
~...'.,..".:~
:1
'I
"
"

"d
"I~
j
)
4

I

I,
••



5

1400 T

1200

1CXXJ

;
CII aoo..
ill
:l

~..
!.

<.J OOJ
..J
+
:$

400

200

o

Trutmenta

III DMSO Control .SEA 100 uglmL .'L-1 372 pglmL .TNF 127 pglmL

Figure 16. In vivo LC Depletion by IL-1cx and TNF-a. The values
expressed are the mean +/- SEM generated by pooling dat.a
from 3 experiments. Asterisk denotes p < 0.05 as compared
to the positive control by the Student t-test.

~....,.....
)

~
~
~

••)
; i
i
I
I

I

I
I,.

- .



-
51

both antibodies blocked LC depletion keeping levels within the same statistical

measurements as those observed in the DMSO/PBS oontrol. These findings

further implicate IL-1 a and TNF-a as primary mediators of SEA induced LC

depletion in vitro and in vivo,

Effects of Blocking LC Deptetion by IL-1 a and TNF-a with

Monoclonal Anti IL-1 a and Anti TNF-a

Antibodies In Vivo

In order to determine if Il-1 a. and TNF-a are primary inducers of LC

migration from the epidermis in vivo, sample mice were again pre-treated the

appropriate controls and antibody dilutions and rested two hours, Cytokines

were applied to the dorsal skin and mice were kept isolated for 48 h. Skin

sections were harvested as before and stained accordingly. Results in Figure 18

indicate that LC depletion does occur with IL-1 a and TNF-a.. Anti SRBC

antibodies failed to block cytokine induced LC depletion and the data were used

as a means by which to measure the ability of anti IL-1 a. and anti TNF-a to block

LC depletion. Both antibodies successfully blocked LC depletion by their

respective cytokines.

An In Vivo Investigation of Possible

Cytokine Synergism

The final experiment in this study was conducted in conjunction with a similar
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in vitro study in order to determine if a possible synergism existed between IL-1

a and TNF-a in their ability to induce LC depletion in vivo. All experimental

groups in Figure 19 are identical to those in Figure 18 with the addition of two

experimental groups. The data shows that the sample mouse treated with anti IL-

1 a and TNF-a cytokine exhibited no blocking of LC depletion by the anti IL-1

antibody. This is consistent with the data observed in the in vitro study. However,

unlike the in vitro study, anti TNF-a failed to significantly block LC depletion by

IL-1 a. The differences may be due to a loss of receptors for TNF or IL-1 upon in

vitro culture thereby resulting in fewer binding sites for both antibody and

cytokine.

Summary

Experimental observations involving, the modulation of epidermal LC with

SEA and keratinocyte derived cytokines IL-1 a. and TNF-a have revealed

significant information about their effects both in vitro and in vivo. SEA can cause

dramatic depletion of LC from the epidermis. Recent findings demonstrating that

SEA induced keratinocyte derived IL-1 a. and TNF-a playa role in LC depletion

have been substantiated by experiments in this study which revealed significant

LC depletion with recombinant IL-1 a. and TNF-a both in vitro and in vivo.

These findings are further supported by the ability of both polyclonal and

monoclonal antibodies against IL-1a and TNF-a to block LC depletion induced

by SEA I IL-1 a. and TNF-a.
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Finally, preliminary results indicate that a possible synergism exists between

IL-1 a and TNF-a and their receptors. Anti TNF-a antibodies have the ability to

block LC depletion by IL-1 a in vitro, and to a lesser extent in vivo. These data

implicate IL-1 a as the primary cytokine mediator involved in initiating LC

depletion in the presence of SEA.

Overall, these findings represent a possible first step in deciphering the

cytokine pathway involved in LC depletion upon antigenic challenge and may

offer valuable information in designing a model system for signaling mechanisms

associated with the skin immune response.

•
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CHAPTER IV

DISCUSSION

Much progress has been made in recent years with respect to the elucidation

of a possible stimulus for LC migration from the epidermis to the draining lymph

node. Early studies by Kripke et al. (1990) successfully sho\N8d that

epicutaneous sensitization with FITC following a skin graft from a C3H mouse

onto the dorsal region of a Balb/c mouse resulted in a dramatically elevated

level of FITC labeled C3H dendritic cells in the Balb/c lymph nodes (33). These

cells were positively identified as LC by the presence of Birbeck granules (33).

More compelling evidence came from studies involving UVB as a migratory

stimulus. Exposure of both murine and human skin to various levels of UVB

radiation resulted in LC depletion from the skin (3, 9, 39). In addition,

experiments conducted in 1994 by Pickard et al. demonstrated through the use

of several biological inhibitors that UVB induced migration could be blocked by

inhibitors of transcription, translation and GTP binding proteins (52).

Conclusions drawn from these data suggested that the stimulus for LC migration

in response to UVB exposure involved regulatory signals perhaps involving G-

proteins and protein synthesis (52).

The idea that de novo protein synthesis occurred in murine skin following

UVB exposure was confirmed as a solid possibility through studies performed
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by Ansel et al. (1988) in which they sho'Wed that murine keratinocytes were

capable produced IL-1 (J. upon exposure to UVB and the bacterial toxin

lipopolysaccharide (LPS) (3). Data obtained from various studies involving LPS

instigated intensive research concerning the effects of staphylococcal

superantigens on the skin immune system. In 1993, Pickard et aJ. successfully

demonstrated that SEA can induce LC depletion comparable to that induced by

UVB (52). In addition. data form these experiments indicated that. like UVB

inhibition studies, LC depletion could be blocked by specific inhibitors of

transcription, translation, G-proteins and associated kinases required for signal,

transduction (52). Again, this evidence suggests the possibility of de novo

protein synthesis requiring the necessary kinase activity for proper cell signaling.

Based on earlier findings involving LPS and the production of IL-1 a by

murine keratinocytes and the fact that TNF-<x is also known to be produced by

these cells (7, 22, 31), 'We hypothesized that one or both of these cytokines are

up-regulated upon UVB or antigenic stimulation and, working through a signaling

mechanism involving PTK and lor PKC, provide the necessary stimulus required

for epidermal LC migration from the skin.

This hypothesis is supported by the observation that recombinant IL-1a and

TNF-a both caused a significant reduction in the numbers of IA+ LC from murine

epidermis both in vitro and in vivo. IL-1 a appeared to be more effective at

causing this depletion, taking the level of LC present in the epidermis down to

that observed by SEA. This would initially suggest that IL-1 a is one of the

primary biomolecules responsible for inducing migration. TNF-a. appeared to

of..,
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cause LC depletion similar to that observed by IL-1 ex. However, once TNF-a

concentration reached 23 pg/mL, LC levels tended to remain relativel,y

unchanged.

This poses a unique situation with respect as to which cytokine is

responsible for induction if at all. One possibility is that TNF-a is required by

epidermal cells to provide the necessary signals for the up-regulation of other

immunomodulating cytokines. Indeed, it has been shown that when Balb/c mice

are treated with injections of staphylococcal enterotoxin B (SEB), serum levels of

TNF-a peak at two h while IL-1 ex levels are highest between four and six h (43).

Based on this information and the fact that TNF-a can stimulate the release

of a host of cytokines form many different cell types, it seems likely that SEA

induces TNF-a first and once optimum levels are reached for IL-1 ex up-

regulation, then IL-1 ex is synthesized and thereby binds to its receptors.

To support this idea, experiments were performed in this study, both in vitro

and in vivo, utilizing neutralizing polyclonal and monoclonal antibodies against

both IL-1 ex and TNF-a in the presence of SEA. Both antibodies were capable of

blocking SEA induced LC depletion from murine skin. This clearly implicates

both cytokines as contributing factors in superantigen mediated LC depletion.

However, it should be kept in mind that it is the physical event of superantigen

binding to exposed MHC II molecules on the surface of LC that is responsible for

the resulting cytokine up-regulation and secretion.

The next logical step in the progression of this research focused on the

actual cytokines and the effects they exude over immune components within the

o.,
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skin. Cytokines are responsible for many cellular functions. Therefore, it is not

surprising that they are also responsible for regulating immune functions. Initial

studies by Lundquist and Back (1990) involving inducible cytokine secretion

demonstrated that intracutaneous injections of IL-1 13 in C3H/HeJ mice resulted

in the decreased density of IA+ cells over a 2 day time period (40). They also

observed that IL-1 13 release occurred in purified LC upon exposure to UVB (40).

This is of unique significance because IL-1 13 is known to be constitutively

expressed by murine LC and is thought to be involved in LC maintenance within

the skin (7, 25, 40). In addition, both Il-1 a and IL-1 ~ bind to a common

receptor (22) suggesting that in times of extreme injury, IL-1 13 secretion and

binding can augment LC depletion. However, no conclusive studies have been

conducted to support this theory.

More compelling evidence upholding the idea that superantigen induced

cytokine secretion plays a role in immune mediation was discovered by

Matsuyama et al. in 1993. They concluded that binding interactions bet'Neen

SEB and MHC II induced the expression of genes encoding for the production of

IL-1 and TNF in human keratinocytes (42). Antibodies generated against MHC II

efficiently abolished SEB induced gene expression suggesting that MHC II i's

responsible for mediating gene expression (42). In addition, the use of three

protein tyrosine kinase inhibitors successfully inhibited the expression of SEB

induced IL-1 13 mRNA. From this, they concluded that Il-1 ~ activity was

regulated by protein kinase C (42). These findings are consistent with the

findings of Shankar et al in which they observed that pre-treatment of murine

f
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epidermal cell suspensions with SEA induced the expression and secretion of

both IL-1 a and TNF-o: (54) and that the expression of IL-1 Cl could be reversed

with PKC inhibitors. Collectively, this data suggests that the binding of IL-1 a to

target cells is partly responsible for inducing LC depletion upon antigenic

stimulation and that the mechanism by which this occurs is regulated by PKC.

In order to ascertain how SEA induced production of IL-1 a and TNF-o: affect

the skin immune system with respect to antigen presentation and T-cell

activation, maximum concentrations of both IL-1 a and TNF-o: were obtained

from dose response curves. Our data for both in vitro and in vivo studies indicate

that both IL-1 a and TNF-o:, when applied epicutaneously, are capable of

inducing LC depletion equivalent to that observed by SEA. More importantly,

pretreatment of sample mice with neutralizing polyclonal and monoclonal

antibodies resulted in efficient blocking of lC depletion from the epidermis. This

evidence serves to solidify the notion that both cytokines are directly involved in

initiating lC migration.

With the discovery of this information, it is necessary to understand why IL-1

a and TNF-o: are ideal candidates as inducers of LC migration. First, the

biological activities of both cytokines provide compelling evidence. In addition to

the functions already mentioned (See Chapter I) both IL-1 Cl and TNF-o:

stimulate the release of intercellular adhesion molecules (ICAM) from endothelial

cells which line blood vessels and the draining lymphatics (31). The expression

of ICAMs result in the adherence of neutrophils, monocytes lymphocytes and

APC to vessel cell walls and may be involved in trafficking and directing these
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cells to the appropriate regions of the body (3, 23, 31). Furthermore, TNF-a has

been shown to play a role in up-regulating the skin immune response by

increasing the number of MHC II required receptors for binding antigen (3,31).

Finally, research conducted by Cumberbatch and Kimber involving TNF as a

primary inducer of LC migration have shown that intradermal injections of

recombinant TNF-a have effected significant LC migration while treatment with

heat treated TNF failed to induce migration (15).

Therefore, it appears extremely likely that both cytokine.s are directly involved

in LC depletion when murine skin is compromised directly by exposure to UVB,

super antigens and cytokines.

The final experiments in this study focused on a possible functional

synergism between IL-1 a. and TNF-a both in vitro and in vivo. Very little

research has been conducted on cytokine synergy with respect to

superantigenic challenge so the data presented here is preliminary at best.

However, it poses interesting possibilities with regard to cytokine function in skin

immune responses.

In vitro results indicate that anti IL-1 a. polyclonal antibody cannot completely

block LC depletion by TNF. One possible explanation for this might be that TNF

a., when applied to the epicutaneous surface, stimulates the production of IL-1 a

which in turn would bind to any IL-1 receptors that were left unblocked due to

insufficient amounts of neutralizing antibody. Because most cytokines, IL-1 and

TNF included, function at picomol'ar concentrations (22, 23, 43) the amount of

IL-1 that might be produced may be enough to induce the partial depletion
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observed.

Evidence further supporting these results \-Vere observed in the

corresponding in vivo studies where anti IL-1 a again failed to block LC

depletion by TNF-a. Based on previously documented evidence that TNF-a is

produced before IL-1 a, the theory that unoccupied IL-1 a binding sites could be

bound by TNF early on is a distinct possibility.

Additional support for this theory can be attributed to the second part of the

study involving blocking experiments with anti TNF-a and treatment with IL-1 u.

In vitro, anti TNF-a completely blocked LC depletion by IL-1 u. This data tends

to indicate that antibody binding to TNF receptors blocks signals required to

make IL-1 u thus blocking depletion.

However, duplication of this experiment in vivo, failed to exhibit the same

level of blocking capability as that observed in vitro. The most likely explanation

for this phenomenon might be that the binding of neutralizing antibody to TNF

receptors, while inhibiting the production of TNF, still allows for the binding of IL

1 a to IL-1 receptors. This evidence would then strongly favor IL-1 as the

primary biomolecule responsible for transmitting the necessary signals required

by LC for migration upon antigenic challenge, superantigen or otherwise.

Continued experiments involving the use of superantigens as a means to

modulate components of skin associated lymphoid tissues is currently one of the

most intense areas of research in skin immunology. The implications of data

discovered with respect as to how the skin immune system functions to defend
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organisms from percutaneous antigenic challenge will have dramatic and far

reaching effects in regions of the world 'Nhere skin associated disease

transmission remains a constant problem.

This study demonstrates that SEA induced IL-1 a and TNF-a are primarily

responsible for inducing LC migration form the skin to the draining lymph nodes

upon antigenic challenge. As a result, this data has provided a possible first step

in a complex transduction pathway that remains to be elucidated.



FE

6

REFERENCES

1. Acha-Orbea, H. 1993. Superantigens expressed by mouse mammary tumor
virus. In: Huber, B.T., Palmer, E. (Ed.) 1993, Superantigens:
A Pathogen's View of the Immune System, Cold spring Harbor Press,
Plainview, New York. pp31-44

2. Acha-Orbea, H., MacDonald, H.R. 1995. Superantigens of MMTV. Annu.
Rev. Immuno!., 13: 459-486

3. Ansel, J.C., Luger, TA, Lowry, D., Perry, P., Roop, D.R., Mountz, J. D.
1988. Expression and modulation of interleukin-1 a in murine keratinocytes.
J. Immuno!., 140: 2274-2278

4. Bieber, T 1994. Fe-epsilon RI on human Langerhans cells: a receptor in
search of new functfons. Immunol. Today, 15: 52-53

5. Bigby, M., Kwan, T, Man-Sun, Sy. 1987. Ratio of Langerhans cells in murine
epidermis influences the intensity of contact hypersensitivity. J. Invest.
Derm. 89: 495-499

6. Bergstresser, P.R., Juarez, D.V. 1984. Detection by immunochemical
techniques of cell surface markers on epidermal Langerhans cells. Methods
in Enzymology, 108: 683-$91

7. 80S, J.D., Das, P.K., Kapsenberg, M.L. 1990. The skin immune system
(SIS). In: Bos, J.D. (ed.) 1990, Skin Immune System (SIS), CRC Press, Boca
Raton, F,lorida. pp26-45

8. Burnham, K., Rhaman, M. 1991. Effects of crude oil and ultraviolet radiation
on immunity within mouse skin. J. Tox. Environ. Health. 34: 83-93

9. Burnham, K., Pickard, S., Hudson, J., Voss, T. 1993. Requirements for
Langerhans cell depletion following in vitro exposure of murine skin to UVB.
Immunology. 79: 627-$32

10. Chatila, T, Raif, G. 1993. Signal transduction by microbial superantigens via
MHC II molecules. Immunol. Rev., 131: 43-59

11. Clemens, M.J. 1991. Cytokines. Bios Scientific Publishers, LTO., Oxford
United Kingdom. pp



66

12. Coleman, RM., Lombard, M.F., Sicard, RE., Rencricca, N.J. 1989.
Fundamental Immunology. Wm.C. Brown Publishers, Dubuque, Iowa.
pp105-117

13. Crabtree, G.R, Clipstone, N.A. 1994. Signal transmission between the
plasma membrane and nucleus of T-lymphocytes. Annu. Rev. Biochem., 63:
1045-1083

14. Cumberbatch, M., Gould, S.J., Peters, S.W., Kimber, I. 1991. MHC JI
expression by Langerhans cells and lymph node dendritic cells: possible
evidence for maturation of Langerhans cells following contact sensitization.
Immunology, 74: 414-419

15. Cumberbatch, M" Kimber, I. 1992. Dermal tumor necrosis factor a induces
dendritic cell migration to draining lymph nodes and possibly provides one
stimulus for Langerhans cell migration. Immunology, 75: 257-263

16. Dustin, M.L., Singer, RH., Tuck, D.T., Springer, T.A. 1988. Adhesion of T
Iymphoblasts to epidermal keratinocytes is regulated by IFN-y and mediated
by ICAM-1. J. Exp. Med., 167: 1323-1340

17. Elias, J.M. 1987. The Langerhans cell: sentinel of the body's immune
defense system; morphology and microscopic methods of detection. J.
Histotech., 10: 121-124

18. Enk, A.H., Katz, S.I. 1992. Early molecular events in the induction phase of
contact sensitivity. Proc. Nat!. Acad. Sci., 89: 1398-1402

19. Festenstein, H. 1973. Immunogenic and biological aspects of an in vitro
lymphocyte allo-transformation (MLR) in the mouse. Transplant Rev., 15: 62
71

20. Figueroa, C.D., Caorsi, I. 1980. Ultrastructural and morphometric study of
the Langerhans cell in the normal exocervix. J. Anat., 131: 669-682

21. Gawkrodger, D.J., Carr, M.M., McVittie, E., Gut, K., Hunter, J.A. 1987.
Keratinocyte expression of MHC II antigens in allergic sensibzation and
challenge reactions and in irritant contact dermatitis. J. Invest. Derm., 88:
11- 16

22. Genzyme Diagnostics. 1995. Genzyme Cytokine Research Products:
Interleukin-1 a. Genzyme Corporation, pp32-34

23. Genzyme Diagnostics. 1995. Genzyme Cytokine Research Products: Tumor
Necrosis Factor- a. Genzyme Corporation, pp243-243



67

24. Halliday, G.M., Lucas, AD., 1993. Protein kinase C transduces the signal for
Langerhans cell migration from the epidermis. Immunology, 79: 621-626

25. Hammar, S. 1988. Langerhans cells. Patho/. Annu., 23: 293-328

26. Hiroyshi, M., Ponciano, C., Bergstresser, P., Takashima, a. 1992. Cytokine
expression by epidermal cell subpopulations. J. Invest. Derm., 99: 425-455

27. Huber, BT., Palmer, E (ed.) 1993, Superantigens: A Pathogen's View of the
Immune System. Cold Spring Harbor Press, Plainview, New York. pp1-5

28. Janeway, C.A, Y gi, J., Covad, P.J., Katz, M.E, Jones, B., Vroegop, S.,
Buxser, S. 1989. ~-cell responses to Mis and to bacterial proteins that mimic
it's behavior. Immuno/. Rev., 107: 61-88

29. Kappler, J.W., Staerz, V.D., White, J., Marrack, P.C. 1988. Self tolerance
eliminates T-cells specific for Mis modified products of the major
histocompatability complex. Nature, 332: 35-40

30. Kimber, I., Kinnard, A., Peters, S.W., Mitchell, J.A 1990. Correlation
between lymphocyte proliferative responses and dendritic cell migration in
regional lymph nodes. Int. Arch. Allergy. Appl. Immunol., 93: 47-53

31. Koch, A, Schwarz, 1., Kirbauer, r., Urbanski, A, Perry, P., Ansel, J., Luger,
T.1990. Human keratinocytes are a source of tumor necrosis factor-a..
Evidence for synthesis and release upon stimulation with endotoxin or
ultraviolet light. J. Exp. Med., 172: 1609-1614

32. Koning, F., Stingl, G., Yokoyama, W.M., Yamada, H., Maloy. W.L.,
Tschachler, E, Shevach, EM., Coligan, J.E. 1987. Identification of a T3
associated gamma-delta T-cell receptor on Thy-1 positive dendritic
epidermal cell lines. Science, 236: 834-857

33. Kripke, M.L., Munn, G.C., Jeevan, A, Tang, J., Bucana, C. 1990. Evidence
that cutaneous antigen presenting cells migrate to regional lymph nodes
during contact sensitization. J. Immuno/. 145: 2833-2838

34. Lane, RP., Crosskey, RW. 1995. Medica/Insects and Arachnids.
Department of Entomology. Natural History Museum, British Museum of
Natural History, London, United Kingdom. Chapman and Hall, London,
United Kingdom. pp83-106

35. Larsen, C.P., Steinmann, R.M., Witmer-Pack, M., Hankins, D.F., Morris, P.J.,
Ausytn, J.M. 1990. Migration and maturation of Langerhans cells in skin
transplants and explants. J. Exp. Med., 172: 1483-1493



F

68

36. Longly, B.J., Braverman, I.M., Edelson, RL. 1988. Immunology and the skin.
Annu. N. Y. Acad. Sci., 548: 225-232

37. Love-Schimenti, C.D., Kripke, M.L. 1994. Dendritic epidermal T-cells inhibit
T-cell proliferation and may induce tolerance by cytotoxicity. J. Immunol.,
153: 3450-3456

38. Luger, TA. 1989. Epidermal cytokines. Acta. Derm. Venereal., 69: 61-76

39. Luger, TA., Schwarz, T 1990. Evidence for an epidermal cytokine network.
J. Invest. Derm., 95: 100s-104s

40. Lundquist, E.L., Back, O. 1990. IL-1 decreases the number of la positive
epidermal dendritic cells but increases their expression of la antigen. Acta.
Derm. Venereal., 70: 391-394

41. Macatonia, 5., Knight,S., Edwards, A., Griffiths,S., Fryer, P. 1987.
Localization of antigen on lymph node dendritic cells after exposure to the
contact sensitizer fluoroscein isothiocyanate (FITC). J. Exp. Med., 166:
1654-1667

42. Matsuyama, 5., Koide, Y., Yoshida, T 1993. HLA class II molecule mediated
signal transduction mechanisms responsible for the expression of IL-1 p and
TNF-a genes induced by staphylococcal superantigens. Eur. J. Immunol.,
23: 3194-3202

43. Methke, t., Wahl, C., Regele, D., Gaus, H., Heeg, K., Wagner, H. 1993.
Superantigen mediated shock: A cytokine release syndrome. Immunology,
189: 270-284

44. Mizel, S.B. 1982. Interleukin-1 a and T-cell activation. Immuno/. Rev., 63:
51-72

45. Morhenn, V., Wood. G.S. 1988. Gamma interferon induced expression of
class II major histocompatibiltiy complex antigens by human keratinocytes.
In: Endocrine metabolic and immunologic functions of keratinocytes. Annu.
N. Y. Acad. Sci., 548: 321-330

46. Morio, T, Geha, R.S., Chatila, TA. 1994. Engagement of MHC II molecul,es
by staphylococcal' superantigens activates SRC-type protein tyrosine
kinases. Eur. J. Immunol., 24: 651-658

47. Murray, D., Ohlendorf, d., Schleivert, P. 1995. Staphylococcal and
streptococcal superantigens: their role in human disease. A. S. M. Rev., 61:
229-235



p

69

48. National Geographic Society. 1994. The Incredible Machine. Library, of
Congress. Washington, D.C. pp157-185

49. Nickloff, B.J., Mitra, R.S., Green, J., Zheng, X., Shimizu, Y., Thompson, C.,
Turka, L. 1993. Accessory cell function of keratinocytes for superantigens. J.
Immunol., 150: 2148-2160

50. Nishioka, K., Katayama, I., Kobayashi, Y. 1987. la antigen expressed by
keratinocytes can be the molecule of antigen presentation in contact
sensitivity, J. Invest. Derm., 88: 694-698

51. Okamato, H., Kripke, M.L. 1987. Effector and suppressor circuits of the
immune response are activated in vivo by different mechanisms. Proc. Natl,
Acad. Sci., 84: 3841-3845

52. Pickard, S., Shankar, G., Burnham, K 1994. Langerhans cell depletion by
staphylococcal superantigens. Immunology, 83: 568-572

53. Rowden, G. 1980. Expression of la antigen on Langerhans cells in mice,
guinea pigs and man. J. Invest. Derm., 75: 22-31

54. Shankar, G., Pickard-Elias, S., Burnham, K 1996. Superantigen induced
Langerhans cell depletion is mediated by epidermal cell derived IL-1 ('J. and
TNF-a.. Cell. Immuno/., 171: 240-245

55. Silberberg-Sinakin, I., Thorbecke, G.J. 1980. Contact hypersensitivity and
Langerhans cells. J. Invest. Derm., 75: 61-67

56. Soudeyns, H., Rebai, N., Pantaleo, G.P., Denis, F., Fauci, A.S., Sekaly, R.P.
1993. Superantigens and the pathogenesis of viral disease. In: Huber, B.I.,
Palmer, E. (Ed.) 1993, Superantigens: A Pathogen's View of the Immune
System, Cold Spring Harbor Press, Plainview, New York. pp139-162

57. Stingl, G., Tamaki, K, Katz, S.1. 1980. Origin and function of epidermal
Langerhans cells. Immuno/. Rev., 53: 149-173

58. Tamaki, K, Katz, S.I. 1980. Ontogeny of Langerhans cells. J. Invest. Derm.,
75: 12-13

59. Tamaki, K, Stingl, G., Guillino, M., Sachs, D., Katz, S.I. 1979. la antigens in
mouse skin are predominantly expressed on Langerhans cells. J. Immunol.,
123: 784-787

60. Thorbecke, G.J., Silberberg-Sinakin, I., Flotte, I. 1980. Langerhans cells as
macrophages in skin and lymphoid organs. J. Invest. Derm., 75: 32-43



70

61. VanLambalgen, R, Wauben-Renris, P.J. 1989. Concepts in
immunodermatology. Acta. Derm. Venereal., 69(suppl. 151): 55-60

62. Wang, B., Ruger, A., Kilgus, 0 .. Ochai,K., Maurer, D., Fodinger, D., Kinet,
J.P., Stingl, G. 1992. Epidermal Langerhans cells from normal human skin
binds monomeric IgE via Fc-epsilon RI. J. Exp. Med., 175: 1353-1365

63. Weiss, L., Lancing-Lambert, G. 1983. Histology, Cell and TIssue Biology, 5th
Edition. Elsever Biomedical Publishing Co., Inc. New York, New York.
pp569-606

64. Welsh, E.A., Kripke, M.L. 1990. Murine thy-1 positive dendritic epidermal
cells induce immunologic tolerance in vivo. J. Immunol., 144: 883-891

65. Welsh, E.A., Love-Schimenti, C., Kripke, M.L. 1992. Studies on the
mechanism of immunologic tolerance induction by murine dendritic
epidermal thy-1 positive cell lines. J. Leuk. Bio., 52: 425-432

66. White, J., Herman, A., Pullen, A.M., Kubo, R, Kappler, J.W., Marrack, P.
1989. The Vnspecific superantigen SEB: stimulation of mature T-cells and
clonal deletion in neonatal mice. Cell, 56: 27-35

67. Wolff, K., Stingl, G. 1983. The Langerhans cell. J. Invest. Derm., 80: 0175
0215



CYTOKINES

IL-1
alpha
beta

IL-3

APPENDIX -I

EPIDERMAL CYTOKINES

SOURCE

Several cell
types

TH cells, NK cells,
mast cells
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ACTIVITY

T-cell activation
NK cell activation
ICAM-1 expression
chemoattractant
for neutrophils and
macrophages

Growth and
differentiation

IL-6 monocytes, TH cells, Induces antibody
macrophages, bone secretion
marrow stem cells

IL-8 macrophages, Chemoattractant
endothelial celts for neutrophils

TNF macrophages and Induces cytokine
alpha like cells secretion
beta Cytotoxic and

cytostatic to some
tumor cell hnes

IFN leukocytes Inhibits viral
replication

G-GSF T-ceils Inflammatory
M-GSF response
GM-GSF

TGF platelets, Wound healing



-
alpha
beta

macrophages,
lymphocytes
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IL-1 production
Chemoattractant
for monocytes and
macrophages

ABBREVIATIONS: IL- interleukin; TNF- tumor necrosis factor; IFN
interferon; G-CSF- granulocyte colony stimulating factor; M-CSF
macrophage colony stimulating factor; GM-CSF
granulocyte/macrophage colony stimulating factor; TGF- transforming
growth factor.



VITA

Stephanie Pickard Elias

Candidate for the degree of

Master of Science

Thesis: THE ROLE OF KERATINOCYTE DERIVED INTERLEUKIN 1-aAND
TUMOR NECROSIS FACTOR a IN EPIDERMAL LANGERHANS CELL
DEPLETION

Major Field: Microbiology, Cell and Molecular Biology

Biographical:

Personal Data: Born in Stillwater, Oklahoma, on December 5, 1969, the
daughter of Dr. Rick and Mrs. Beverly Pickard.

Education: Graduated from Tulsa Union Public High School, Tulsa
Oklahoma, in May 1988; received Bachelor of Science degree in
Microbiology from Oklahoma State University, Stillwater,
Oklahoma, in May 1993; received Bachelor of Science degree in
Biology from Oklahoma State University, Stillwater, Oklahom~,
in May 1994; completed the requirements for the Master of
Science degree at Okl~ahoma State University in December
1996.

Professional Experience: Research Assistant, Department of
Microbiology and Molecular Genetics, Oklahoma State
University, August 1994 to December 1994; Teaching
Assistant, Department of Zoology, Oklahoma State University,
January 1995 to May 1995; Teaching Assistant, Department of
Microbiology and Molecular Genetics, August 1995 to December
1995; Research Assistant, Department of Microbiology and
Molecular Genetics, January 1996 to May 1996.

Affiliation: American Society for Microbiology




