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ABSTRACT 

The objective of this study was to analyze the molecular regulation of tumour 

necrosis factor-alpha (TNF-a) gene expression in human cells. Allergic diseases (e.g., 

asthma) comprise one of the most prominent medical problems in Canada, and their 

incidence and severity are on the increase here as in most industrialized countries. 

Allergic responses are initiated by contact of allergens with specific IgE antibodies on 

mast cells, leading to cellular activation. Such activation induces mast cells to release 

very large amounts of the pro-inflammatory cytokine TNF -a which, by itself, mediates 

much of the cellular recruitment associated with the allergic late phase response (LPR). 

Most of the pathology of allergic diseases is directly attributable to the LPR. The 

molecular mechanism regulating TNF -a expression in mast cells, as opposed to that in 

macrophages (which can also produce an abundance ofTNF-a) is poorly understood. My 

hypothesis is that if TNF -a were differentially regulated in mast cells, it might be 

possible to therapeutically manipulate its highly pathogenic contributions to allergic 

diseases without affecting the other roles of this cytokine in the body. I examined the 

kinetics of TNF -a gene transcription and protein expression in mast cell-differentiated 

KU812 cells which I stimulated with phorbol-12, 13-myristate acetate (PMA) and 

calcium ionophore A23187 (PMA and A23187 effectively mimic F cERI stimulation of 

mast cells). RT-PCR and ELISA methods were used to detect TNF-a mRNA and protein, 

respectively. My results indicate that low levels of TNF-a is stored in the unstimulated 

cells (but not in the supernatant fluids), high levels of TNFa were secreted into the 

culture supernatants within 2 hr after stimulation. The critical regulatory elements in the 

human TNF -a promoter were studied. A human TNF -a gene promoter fragment ( -625 to 
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+ 19 bp relative to the transcription start site; TSS) was enzymatically digested from the 

5' end inward and thereby I generated a series of promoter fragments of varying sizes. 

Each of these promoter fragments were placed immediately 5' to a eDNA encoding the 

marker protein luciferase. Then the constructs were transfected into differentiated KU812 

cells and I assessed the TNF promoter-driven luciferase expression in the mast cells 

following PMA/ A23187 challenge. A negative ( -331 to -205) and several positive ( -82 to 

+19, -131 to -82, -205 to -153) control regions were identified within the TNF-a 

promoter. 
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1. INTRODUCTION 

Allergic diseases (e.g., asthma) comprise one of the most prominent medical 

problems in Canada, and their incidence and severity are on the increase here as in most 

industrialized countries of the world. While the immunological response in the host (i.e., 

IgE antibodies, T lymphocytes) establishes and/or initiates the allergic response, we now 

appreciate that inflammatory responses are more important to the pathogenesis of allergic 

disease. For example, it is well known that within hours of allergen challenge the lungs of 

allergic asthma patients become infiltrated by granulocytes and that these cells mediate 

much of the pathology in the host (Lemanske and Kaliner, 1983). 

Allergic reactions are initiated by contact of allergens with specific IgE antibodies 

on mast cells, leading to cellular activation and an immediate release of mediators such as 

histamine, neutral proteases and acid hydro lases (Table 1.1 ). In addition, activated mast 

cells also synthesize and release lipid mediators (Table 1.2) and an array of cytokines 

(Table 1.3) (Galli and Lichtenstein, 1988). Among the mast cell-derived cytokines, TNF

a is of substantial importance to the pathogenesis of allergic diseases, for this cytokine by 

itself mediates much of the cellular recruitment associated with the granulocyte

dominated allergic late phase response (LPR) (reviewed in Gordon, 1997). Most of the 

pathology of allergic diseases is directly attributable to the LPR (Lemanske and Kaliner, 

1983). 
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Table 1.1 Physicochemical and functional characteristics of preformed mediators 
from mast cells 

Preformed mediators Functions 
Biogenic amines Histamine H1 and H2-receptor-mediated effects on 

smooth muscle, endothelial cells, and nerve 
endings 

Serotonin Specific broncho- and vaso-active effects 
(5- through 5-HT receptor subtypes 
hydroxytryptamine) 

Neutral proteases Chymase (RMCPI) Cleavage of type IV collagen, glucagon, 
neutrotensin, fibronectin 

RMCPII Protein substrate with proline at position 
P3 

Carboxypeptidase Acts in concert with other neutral proteases 
for cleavage of aromatic amino acids, e.g., 
angiotensinogen 

Tryptase Cleavage ofC3 and C3a, fibrinogen and 
fibronectin 

Acid hydrolases P-hexosaminidase Cleavage of P-linked hexosamines from 
complex carbohydrates and glycoproteins 

P-glucuronidase Removes P-linked glucuronic acid from 
complex carbohydrate chains 

P-D-galactosidase Hydrolyses P-linked galactose from 
complex carbohydrates 

Arylsulphastase Hydrolyses aromatic sulphate esters 
Oxidative enzymes Superoxide Converts 02- to H202 

dismutase 

Peroxidase Converts H202 to H20; inactivates 
leukotrienes; generates lipid peroxidases 

Chemotactic factors Eosinophil Eosinophil chemotaxis and "activation" 
oligopeptides 
Neutrophil Neutrophil chemotaxis and "activation" 
chemotactic activity 

Proteoglycans Heparin Anticoagulant, anticomplimentary; 
modifies activities of other preformed 
mediators 

Chondroitin sulfate ? 

Adapted from Holgate et al., 1988 
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Table 1.2 Physicochemical and functional characteristics of newly generated 
mediators from mast cells 

Newly generated mediators Functions 
PGD2 Bronchoconstrictor, peripheral vasodilator, 

coronary and pulmonary vasoconstrictor, 
inhibition of platelet aggregation, 
stimulates neutrophil chemokinesis, 
augmentation of basophil histamine release 

9a, 11 ~-PGF2 Bronchoconstrictor, peripheral vasodilator, 
coronary vasoconstrictor, inhibitor of 
platelet aggregation 

TXA2 Vasoconstrictor, aggregates platelets, 
bronchoconstrictor 

LTB4 Neutrophil chemotaxis and adherence, 
augments vasopermeability 

LTC4 Bronchoconstrictor, augments 
vasopermeability, arteriolar constrictor 

LTD4 Bronchoconstrictor, augments 
vasopermeability 

LTE4 Augments vasopermeability 
AGEPC (platelet-activating factor) Aggregates platelets, chemotaxis of 

eosinophils and neutrophils, enhances 
vasopermeability, bronchoconstrictor, 
hypotensive, neutrophil degranulation 

Adapted from Holgate et al., 1988 
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Table 1.3 List of cytokines known to be induced within or secreted by mast cells 
(MC) or mast cell lines from mice and humans 

Cytokine Cell type Protein1 mRNA1 Cytokine effects 
(targets) 

endothelin-1 mouse: inducible: inducible: long-term 
MC lines FcERI FcERI microenviromental 

effects 
FKB12z Human: Preformed: ? activates neutrophils 

HMC-1 cells FcERI 
GM-CSF mouse: inducible: inducible: multi -potent 

MC lines FcERI FcERI colony stimulating factor 

human: 
HMC-1 cells, 
lung mast cells 

IFN-y mouse: FcERI inducible: immunoregulatory 
MC lines some cells, cytokine 

via FcERI 
I-309 human: PMA PMA CC chemokine 

HMC-1 cells (monocytes) 
IL-l mouse: inducible: inducible: inflammatory effects 

MC lines FcERl FcERI 
Human: 
HMC-1 cells 

IL-2 mouse: ? inducible in enhances T cell responses 
some MC lines some cells 

IL-3 mouse: preformed: inducible: MC growth factor 
MC lines, FcERI FcERI 
serosal MC 

IL-4 mouse: preformed: inducible: MC growth/maturation 
MC lines, FcERI FcERl factor, B cell IgG> IgE 
serosal MC switch factor 
human: 
lung & other 
MC 

IL-5 mouse: preformed: inducible: Eosinophil growth and 
MC lines, FcERl FcERI activating factor 
serosal MC 
human: 
lung & other 
MC 

IL-6 mouse: preformed: inducible: augment antibody pro-
MC lines FcERI FcERI duction, acute phase 
rat: response ... 
serosal MC 
human: 
lungMC 

IL-8 human: PMNA23187 inducible: CXC chemokine 
HMC-1 cells, FcERl (granulocytes, Teens, 
skinMC endothelial cells, mast 

cells) 
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Table 1.3 continued 

Cytokine Cell type Protein mRNA Cytokine effects (targets) 
IL-12 mouse: ? inducible: immunoregulatory 

MC lines SCF 
IL-13 mouse: inducible: inducible: IL-4-like activity 

MC lines FcsRI FcsRI 
MARC mouse: inducible: inducible: CC chemokine 
(MCP-3) MC lines, FcERI FcsRI (monocytes, eosinophils (?)) 

serosal MC 
MCP-1 (JE) mouse: inducible: inducible: CC chemokine 

MC lines various FcERI (monocytes, basophils) 
human: 
HMC-1 cells 

MIP-1a mouse: inducible: inducible: CC chemokine 
MC lines various FcsRI (monocytes, T & B cells, 
human: granulocytes) 
HMC-1 cell line 

MIP-1~ mouse: inducible: inducible: chemokine 
MC lines various FcERI (monocytes, T cells) 
human: 
HMC-1 cells 

PDGF-A human: inducible: inducible: fibroblast mitogen 
HMC-1 cells PMA PMA 

RANTES human: PMA PMA? CC chemokine 
HMC-1 cells (monocytes, T cells, 

granulocytes) 
TCA3 mouse: ? inducible: inflammatory chemo-

MC lines FcsRI attractant (neutrophils?) 

TGF-~ mouse: preformed: preformed immunoregulatory cytokine, 
MC lines FcsRI activates fibroblasts 
serosal MC 
dog: 
mastocytoma cells. 

TNF-a rodent: Preformed inducible: activate endothelial cells, 
MC lines, & FcERI mediate granulocyte & 
serosal MC, inducible: fibroblast recruitment 
human: FcsRI 
HMC-1 cells, skin, 
lung & other MC 

TNF-~ human: inducible: inducible: T cell cytotoxin 
HMC-1 cells PMA PMA 

1 Protein or mRNA for some cytokinesis constitutively present in some mast cell populations, 
while in some its expression can also or must be induced by agents such as PMA or A23187, or by 
stimulation via the FcERI. 
2 While the immunophilin FKBP12 is not a cytokine per se, it is secreted by activated mast cells 
and in tum can activate neutrophils. 

Adapted from Gordon, 1997 
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The molecular mechanisms regulating 1NF -a expression 1n mast cells, as 

opposed to that in macrophages (which can also produce an abundance of 1NF -a), are 

poorly understood. However if TNF -a were differentially regulated in mast cells, it might 

be possible to therapeutically manipulate its highly pathogenic contributions to allergic 

diseases without affecting the other (potentially beneficial) roles of this cytokine in the 

body. A precedent for such differential regulation of allergy-associated mediators already 

exists. For example, regulation of the interleukin-4 gene in mast cells is subtly but 

significantly different from that in T lymphocytes, the other major source of this cytokine 

(Henkel and Brown, 1994). 

The experiments presented herein comprise the first stage 1n our critical 

examination of TNF -a gene regulation in human mast cells. 

The three specific aims of this study were: 1) to produce a series of human TNF -a 

promoter constructs which could be used to map cis-acting sequences involved in the 

regulation of the TNF-a gene in differentiated KU812 cells; and 2) to map the kinetics of 

1NF-a mRNA and protein expression in differentiated KU812 cells and 3) to examine 

the contributions of different regions within the 1NF-a gene promoter to TNF-a 

expression in those cells. 
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2. LITERATURE REVIEW 

The role(s) that mast cells play in initiating IgE-mediated allergic reactions are 

well known. The topics discussed in this review include the biology of mast cells (e.g. 

anatomic location, differentiation and function) and basophils (a circulating cell that 

shares some features with mast cells), and the functions of some mast cell mediators. In 

addition, the biology of TNF-a will be reviewed in detail (e.g. its sources and functions 

within the body), as well as the structure of the TNF-a gene, and the transcriptional and 

post-transcriptional regulation of its expression in multiple cell types. Finally, I present a 

very brief overview of the pharmacological regulation of cytokine expression in allergic 

disease. 

2.1 Biology of mast cells 

2.1.1 Origin, distribution, and common features of mast cells and basophils 

Mast cells are found throughout the connective tissues of the body, particularly 

near blood and lymphatic vessels, while basophils, which are phenotypically similar (to 

mast cells) in some respects, are normally restricted to the circulation (Table 2.1 ). Some 

tissues, including the skin and mucous membrane surfaces of the respiratory and 

gastrointestinal tracts, contain high concentrations of mast cells. Human skin, for 

example, contains some 10,000 mast cells per mm3 (Kuby, 1997). Mast cells can be 

differentiated into two types according to their tissue distribution, the contents and 
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Table 2.1 Phenotypic characteristics of mast cells and basophils 

Basophils Mast cells Mast cells 
(in vivo) (culture-derived) 

Phenotype "mucosal" "connective IL-3 -dependent SCF- dependent 
tissue" 

Origin of mouse: bone 
precursor cells marrow 

bone marrow bone marrow bone marrow mouse bone human: chord 
marrow blood, 

Fetal liver 
Site of intestinal normal skin, 

maturation bone marrow mucosa, intestinal in vitro in vitro 
lung alveolar submucosa 

wall 
Site of 

residency: 

normal- -circulation -tissues -tissues - -

pathologic- -tissues -tissues -tissues 

Primary growth IL-3 (in vitro) 
factor IL-l, IL-6, IL-3 SCF IL-3 SCF 

GM-CSF 
Nuclear segmented nonsegmented nonsegmented nonsegmented nonsegmented 

morphology 

Major granule chrondroitin chrondroitin heparin chrondroitin heparin 
proteoglycan sulfate sulfate sulfate 

Phenotyoic mouse: mouse: mouse: mouse: 
granule MMCP-1, -2 MMCP-3, -4, - MMCP-5 & -7 MMCP-4, -5& 

pro teases human: 5, & -6 -6 
tryptase human: human: 

tryptase & chord blood> 
chymase tryptase 

fetal liver> 
tryptase & 
chymase 

Histamine low low high low high 
content 

c-kit expression low high high high high 

Adapted from Gordon, 1997 
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ultrastructure of their granules, and the mediators they synthesize (Table 2.1 ). One is 

termed the connective-tissue, or tryptase/chymase-positive mast cell (MCTc), while the 

other is the mucosal or tryptase-positive mast cell (MCT) (Bona and Bonilla, 1996). By 

light microscopy, human mast cells may be round, oval, or even spindle-shaped, with 

nuclei that typically are round. The cytoplasm of the mature resting mast cell contains 

large numbers of membrane-bound, highly metachromatic granules and often contains 

lipid bodies. 

Basophils have been considered by some to be the circulating counterparts of 

tissue mast cells, but unlike mast cells, they emigrate into tissues only upon activation 

(Valent and Bettelheim, 1992; Abbas et al., 1997). In humans, basophils account for 0.5 

%-1.0 % of the circulating white blood cells. Electron microscopy reveals a multilobed 

nucleus, few mitochondria, numerous glycogen granules, and electron-dense membrane

bound granules scattered throughout the cytoplasm (Kuby, 1997). The cytoplasmic 

granules of human basophils stain metachromatically with basic dyes, hence the name 

basophil. 

Mast cells and basophils have two major phenotypic properties in common. They 

both store histamine and both express on their surface the receptor that binds the F c 

portion of lgE antibody with high affinity (FcERI) (Metzger et al., 1986; Kinet, 1989). 

Cellular activation via the FcERI on these cells results in the release of a similar, though 

not identical, panel of biologically active mediators (Galli et al., 1984; Schwartz and 

Austen, 1984; Valent et al., 1990c; Seder et al., 1991) - the chemical mediators of 

immediate hypersensitivity. Thus these two kinds of cells are effector cells of IgE-
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mediated immediate hypersensitivity, though in different settings (i.e., the circulation 

versus the interstitial tissues). 

2.1.2 Differentiation of mast cells and basophils in vivo and generation of mast cells 

in vitro 

Mast cells are derived from bone marrow progenitor cells which are believed to 

migrate to the peripheral tissues as immature cells and undergo differentiation in situ 

(Abbas et al., 1997). The bone marrow origin of mast cells was firmly established in the 

mouse by Kitamura and his associates in an elegant series of experiments exploiting 

genetically mast cell-deficient mutant mice and their congenic normal (+/+) littermates 

(Kitamura et al., 1978; Nakano et al., 1987). One strain of such mutants, the WBB6F 1-

WIW' mouse, is virtually devoid of mast cells ordinarily, but can develop tissue mast cells 

if it receives bone marrow cells derived either from its normal littermates (WBB6F 1-+/+ 

mice) or from semisyngeneic C57BL/6-bg/bg ("beige") mice (Kitamura et al., 1978). In 

contrast to the WBB6F1-W/W' mouse, genetically mast cell-deficient WCB6Ft-Sl/Sld 

mice fail to develop mature mast cells after reconstitution with bone marrow from normal 

littermates (i.e., WCB6F 1-+/+ mice) (Kitamura and Go, 1979; Nakano et al., 1987). 

Remarkably, however, bone marrow mast cell precursors from SJ/Sld mast cell-deficient 

mice can differentiate into tissue mast cells after injection into mast cell-deficient WIW' 

mice (Kitamura and Go, 1979). Taken together, these findings indicate that the mast cell 

deficiency of the WIW' mouse reflects an abnormality of the mast cell precursors 

themselves, whereas the mast cell deficiency of the SJ/Sld mouse reflects an abnormality 

of tissue microenviromenta1 factors regulating mast cell differentiation/maturation 
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(Nakano et al., 1987). Specifically, theW (white) gene locus in the mouse encodes the c

kit receptor (expressed by mast cells and embryonic nervous tissues) for the gene product 

of the Sl (steel) gene locus, the stem cell factor (reviewed in Galli et al., 1992). 

Mast cell precursors that seed mucosal sites in rodents can proliferate upon 

exposure to the T cell-derived cytokines such as interleukin-3 (IL-3), as would occur 

during some helminth infections. Those cells that differentiate in the connective tissues 

mature under the influence of tissue fibroblasts and proliferate when exposed to high 

concentrations of the fibroblast product stem cell factor (SCF) or during chronic 

inflammatory conditions, where fibroblasts are activated (reviewed in Gordon, 1997). 

Like mast cells, basophils are derived from bone marrow progenitors, but 

basophils appear to be a distinct cell type. They mature in the bone marrow under the 

influence of various cytokines, including IL-3, GM-CSF (granulocyte-macrophage 

colony-stimulating factor), IL-l, and IL-6, circulate in a fully differentiated form (Valent 

and Bettelheim, 1992; Abbas et al., 1997) and express low levels of the c-kit receptor 

(Paul et al., 1993 ). Basophils enter tissues only when they are recruited to inflammatory 

sites (Abbas et al., 1997) by cytokines such as MCP-4 (Dahinden et al, 1994) 

Pure populations of mouse mast cells can be generated in vitro in very large 

numbers simply by culturing bone marrow cells with IL-3 (Galli and Lichtenstein, 1988). 

The cells so generated are phenotypically quite immature (i.e. contain few mature 

cytoplasmic granules), but nevertheless express a functional F cERI and share a number of 

characteristics with mast cells in the mucosal compartment (e.g., low histamine content, 

chondroitin sulfate proteoglycans ). However, when maintained either in the presence of 

fibroblasts or SCF itself, the mast cells tend to acquire some of the phenotypic 
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characteristics associated with connective tissue-type mast cells (e.g., increased histamine 

levels, heparin sulfate proteoglycan). Human mast cell populations can be generated in 

vitro, although in relatively low numbers and highly contaminated with other cells, by 

culturing fetal liver or chord blood cells in SCF (Irani et al., 1992). Cultured human fetal 

liver-derived mast cells grown in SCF do not posses a functional FcsRI (Irani et al., 

1992), but are reactive to other traditional mast cell secretagogues (e.g., calcium 

ionophores ). The technology has not yet been developed to grow basophils (either mouse 

or human) in vitro. 

2.1.3 Function of mast cellslbasophils in allegic reaction 

2.1.3 .1 IgE-mediated allergic reactions 

One of the most powerful effector mechanisms of the immune system is the 

reaction initiated by IgE-dependent stimulation of tissue mast cells and their circulating 

counterparts, the basophils (Abbas et al., 1997). When certain types of antigens (called 

allergens) enter an individual's body, they are recognized by the B cells immunoglobulin 

receptor or other antigen-presenting cells. The B cell processes this allergen and presents 

it to T helper (Th) lymphocytes, which activates the Th cell to make cytokines. If a type 2 

Th (Th2) cell is activated, it will produce an array of cytokines, including interleukin-4 

(IL-4), IL-5 and IL-10. IL-4 is required forB cell immunoglobulin gene rearrangement or 

isotype switching from immunolobulin (Ig) G to IgE antibody production. As noted 

above, IgE then binds with a very high affinity (dissociation constant Kd=1x 10-10 M) to 

the FcsRI on mast cells despite low concentrations of serum IgE. When allergen next 

encounters these mast cells and simultaneously engages two adjacent IgE molecules 
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attached to their FcsRis, the mast cells rapidly degranulate, releasing the cells' secretion 

products that collectively mediate the increased vascular permeability, vasodilation, 

bronchial and visceral smooth muscle contraction, and local inflammation associated 

with allergic reactions (Table 1.1, 1.2). These responses are referred to as immediate 

hypersensitivity responses because they begin rapidly, within minutes of antigen 

challenge, and wane rapidly also (~ 60min) (Abbas et al., 1997; Clancy, 1998). The 

whole process is summarized in Figure 2.1. 

As the immediate reaction begins to subside, a late-phase response (LPR) begins 

to develop and may persist for up to several days. Cytokines produced by the activated 

mast cells are responsible for the initiation of the LPR, which comprises the pathogenic 

effects arising from the recruitment of fibroblasts (Gordon and Galli, 1994) and other 

stromal cells and the accumulation of inflammatory leukocytes, including neutrophils, 

eosinophils, basophils, and CD4+ T cells (Abbas et al., 1997). The T cells are Th2-

enriched and thus produce IL-4 but not IFN-y (Abbas et al., 1997). The granulocytes each 

release their own array of cytokines as well as a number of overtly toxic mediators (e.g. 

eosinophil cationic protein [ECP], eosinophil basic protein [EBP], eosinophil-derived 

neurotoxin [EDN], and reactive oxygen intermediates [ROI]) (reviewed in Gordon, 

1997). 

The clinical syndromes of allergic reactions mediated by lgE antibodies have been 

well summarized (Clancy, 1998). Among others, they variously include allergic rhinitis, 

bronchial asthma, systemic anaphylaxis, wheal-and-flare responses, and food allergies. 

Allergic rhinitis and bronchial asthma involve localized reactions to antigen, while 

systemic anaphylaxis involves a systemic reaction to antigen that has disseminated 
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Figure 2.1 General mechanism underlying an lgE-mediated allergic reaction. 

Exposure to an allergen activates B cells to form IgE-secreting plasma cells. The secreted 

IgE molecules bind to IgE-specific Fe receptors on mast cells and blood basophils. 

Second exposure to the allergen leads to cross-linking of the bound IgE, triggering the 

release of pharmacologically active mediators from mast cells and basophils. The 

mediators cause smooth-muscle contraction, increased vascular permeability, and 

vasodilation (Souce: Kuby, 1997). 
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throughout the body via the bloodstream. In this case, the antigen binds to IgE bound to 

mast cells associated with blood vessels throughout the body as well as to the circulating 

basophils. The symptoms resulting from the systemic release of histamine are species

specific but generally include vasodilation and tissue edema, leading to tracheal 

occlusion, which can very rapidly lead to the death. Wheal-and-flare responses are 

induced upon intradermal challenge with allergens, such as happens following allergen 

skin testing or insect bites. The wheal response is attributable to a strong localized edema 

response, while the surrounding erythematic flare response is neurogenic in nature. Food 

allergy syndromes are induced by food products that trigger severe responses by mast 

cells residing within the connective tissues of the gut, often resulting in massive 

transepithelial fluid loss and smooth muscle contraction, leading to severe gastrointestinal 

cramping, vomiting and diarrhea (Clancy, 1998). 

2.1.3.2 Activation of mast cells and release of mast cell-derived mediators 

As noted above, mast cells and basophils can be activated by cross-linking of 

FcERI molecules, although there are other mechanisms that can trigger degranulation of 

mast cells. F cERI triggering of mast cell activates multiple signal transduction 

mechanisms, including the phosphatidylinositol-kinase and sphingosine kinase pathways, 

with their mobilization of intracellular calcium ions and activation of protein kinase C 

(PKC). Thus, calcium ionophore A23187 treatment of mast cells mimics many of the 

changes in intracellular calcium observed in these cells following activation via the 

FcERI, and results in cellular activation, degranulation and histamine release (Ishizaka, 

1988). Similarly phorbol-12, 13-myristate acetate (PMA) is a PKC-activating agent and a 
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potent inducer of cytokine gene expression in mast cells (Burd et al., 1990) as well as 

TNF gene expression in many other cell types (Sung et al., 1988; Ohno et al., 1990; 

Goldfeld et al., 1991; Goldfeld et al., 1992). Therefore A23187 or the combination of 

A23187 and PMA are sometimes used in research studies to induce TNF-a mRNA 

expression ( Goldfeld et al., 1992). In mast cells, PMA/ A23187 challenge effectively 

mimics allergen challenge (Burd et al., 1990). 

In addition to these mechanisms, mast cells also express receptors for and are 

potentially reactive to a large number of ligands including cytokines (i.e. SCF, monocyte 

chemoattractant protein-1 [MCP-1 ]), neurotransmitters (e.g., substance P), extracellular 

matrix molecules and others (e.g., thrombin). For example it has been found that injection 

ofSCF (Columbo et al., 1992) or MCP-1 (Alam et al., 1994) into the skin of humans or 

mice respectively causes substantial local mast cell degranulation. The effects of SCF by 

itself on the induction of cytokine production by mast cells have not been addressed, but 

it has been reported that purified human lung mast cells do not produce IL-4 after FcERI 

crosslinking unless the cells are maintained in SCF-containing medium (Okayama et al., 

1995). Substance P directly induces mast cell degranulation upon intradermal injection 

into mice (reviewed in Galli et al., 1989) and secretion ofTNF-a from mouse mast cells 

(although it has no effect on the expression ofiL-1, IL-3, IL-4, IL-6 or GM-CSF in these 

cells; Ansel et al., 1993). Thrombin, a mediator produced during inflammatory responses, 

transiently induces MIP-1a mRNA expression (Costa et al., 1992), and a sustained and 

substantial IL-6 but not TNF -a release (Gordon, Zhang and Cosford, submitted for 

publication) from mouse mast cells. 
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Activation of mast cells results in three types of biologic responses (Abbas et al., 

1997): a) immediate degranulation with release of the pre-formed mediators including the 

biogenic amines (histamine) and granule macromolecules (enzymes and proteoglycans; 

Table 1.1 ); b) short-term synthesis of lipid mediators derived from arachidonic acid 

precursors stored in cell membranes and, in some cases, in the lipid bodies, (e.g. 

prostaglandin D2, leukotrienes C4, D4, and E4, and platelet-activating factor; Table 1.2) 

and c) de novo synthesis and secretion of cytokines1 (e.g. IL-l, GM-CSF, TNFa; Table 

1.3). 

2.1.3 .3 Cytoplasmic signaling pathways and transcription factors relevant to mast cell 

cytokine expression 

2.1.3 .3 .1 Cell surface events 

As mentioned, mast cells express the F csRI, which comprises four separate 

polypeptides, one a, one p, and two identical y chains (Abbas et al., 1997 and Figure 2.2). 

The a chain, which mediates binding of the lgE molecule, has a predicted size of 25 

kilodaltons (kD). The 180 amino-terminal residues form two extracellular 90-amino 

acid repetitive sequences/motifs that are shared between members of the lg superfamily. 

These Ig domains comprise the lgE binding site. Each FcsRI a chain has an 

approximately 20-amino acid hydrophobic sequence that is believed to span the cell 

membrane once, while the approximately 20-carboxyl-terminal amino acids form a 

cytoplasmic domain. The p chain of the FcsRI is a 26 kD polypeptide whose predicted 

1 In addition to those de novo-synthesized cytokines, some cytokines (e.g., TNFa) are released from IgE 
and antigen-activated mast cells immediately from a pre-formed and also from a de novo-synthesized pool 
(Gordon, J. R. and Galli, S. J. 1991), and thus do not fit neatly into either of categories a or c. 
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Figure 2.2 The polypeptide chain structure of the high-affinity lgE Fe receptor 

(FceRI). lgE binds to the extracellular lg-like domains of the a chain, while the P and y 

chains mediate signal transduction. The boxes in the cytoplasmic region of the P and y 

chains represent immunoreceptor tyrosine activation motifs (IT AMs) (Source: Abbas et 

al, 1997). 
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structure crosses the membrane four times. Both the amino and the carboxy termini are 

located in the cytoplasm, with the carboxy terminus containing a single immunoreceptor 

tyrosine activation motif (IT AM). The two identical y chain polypeptides are only 7 kD 

with only the five amino-terminal residues predicted to be extracellular. Each y chain 

crosses the membrane once, so that the remaining residues are intracellular with each 

chain possessing one IT AM. Studies using chimeric receptors incorporating the IT AMs 

from either the p or y chains of the FcERI suggest that the y chain delivers activating 

signals, whereas the P chain may be inhibitory (Abbas et al., 1997). 

2.1.3.3.2 Cytoplasmic events 

IgE and antigen-mediated activation of mast cells results in the phosphorylation 

of the cell surface FcERI, priming the FcERI for direct interactions with cytoplasmic 

effector molecules that initiate diverse signal transduction pathways (Beaven and 

Metzger, 1993). Several enzymes, including tyrosine kinases, serine/threonine kinases, 

and phospholipases are known to be involved in this process, as is the mobilization of 

Ca2
+ (Beaven and Metzger, 1993). These signaling events rapidly lead to granule 

exocytosis, the stimulation of cell surface enzymes associated with prostaglandin or 

leukotrienes synthesis, and the activation of an array of genes encoding cytokines. 

The mechanisms of granule exocytosis are partly understood (Abbas et al., 1997) 

largely from studies of rat basophilic leukemia (RBL) cell lines, but the signals that 

account for cytokine gene expression remain poorly defined. The induction of the 

cytokine genes relies on the activation of pre-formed or newly-synthesized transcription 

factors. Aggregation of the FcERI in RBL cells stimulates increases in mRNA levels for 
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the fos and jun proto-oncogenes in a PKC-dependent manner (Baranes and Razin, 1991; 

Ozawa et al., 1993; Razin et al., 1994). The translation products of these genes can form 

jun-jun or jun-fos complexes, referred to as activation protein-1 (AP-1), which may 

regulate gene transcription via interactions withAP-1-binding sites found in the promoter 

regions of a variety of genes (Chiu et al., 1988; Rauscher et al., 1988). Furthermore, 

Lewin et al found that the aggregation of the FcE:RI in MC9 mast cells induces the 

synthesis ofjos-interacting protein (FIP), which can bind to and form a complex withfos. 

Like jun-jun and jun-fos, the FIP-fos complex can bind to AP-1 sites and thereby also 

regulate gene expression (Lewin et al., 1996). These authors also reported that PKC 

regulates both the synthesis of FIP and its DNA-binding activity (Lewin et al., 1996). 

Turner and Cantrell (1997) examined the role of GTPase in coupling the FcE:RI to 

transcriptional regulation in mast cells. They identified two GTPases, Ras and Rac-1, that 

are important regulators of the nuclear factor of activated T cells (NF-AT), and therefore 

of importance to cytokine expression in mast cells. They further show that the activity of 

Rac-1 is required for FcE:RI-mediated NF-ATc1 dephosphorylation and nuclear import of 

the dephosphorylated NF-AT (Turner et al., 1998). In the murine mast cell line CPII, the 

NF-AT and AP-1 transcription factors together mediate the activation of TNF-a 

transcription upon FcE:RI stimulation, and this is independent ofphosphoinositol-3-kinase 

(Baumruker et al., 1997). 

2.1.3 .4 Pharmacologic and physiologic actions of some mast cell mediators 

a) Histamine. Histamine is non-lipid, low molecular weight vasoactive mediator. It acts 

by binding to one of three distinct classes of receptors (designated as H~, H2, and H3) on 
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different types of target cells. These receptors can be distinguished by their differential 

susceptabilities to pharmacologic inhibitors. Upon binding to their cellular receptors, 

histamine initiates intracellular events such as phosphatidylinositol (PI) breakdown by 

phospholipase C to inositol triphosphate (IP3) and diacylglycerol (DAG), which have 

different effects in different cells. In vascular endothelial cells, binding of histamine 

induces cellular contraction, such that the intercellular adhesions weaken (with 

subsequent leakage of plasma into the tissues), and induces the synthesis of vascular 

smooth muscle cell relaxants, such as prostacyclin and nitric oxide, which have 

vasodilatary effects. These actions of histamine induce the 'wheal-and-flare' response of 

immediate hypersensitivity (above). H1 histamine receptor antagonists (the so-called 

'antihistamines') inhibit wheal-and-flare responses to intradermal allergen challenge. 

Histamine also induces constriction of intestinal and bronchial smooth muscle cells, 

contributing to the increased peristalisis or bronchospasms associated with food allergies 

or asthma, respectively. However, in these instances, and especially in asthma, 

antihistamines do not effectively block the smooth muscle response. Moreover, 

bronchoconstriction in asthma is more prolonged than the effects of histamine, which is 

rapidly removed from the extracellular milieu by amine- specific transport systems. This 

strongly implies that mast cell-derived mediators other than histamine are important in 

some forms of immediate hypersensitivity (Abbas et al., 1997). 

b) Leukotrienes. By the action of 5-lipoxygenase and other enzymes, mast cells convert 

arachidonic acid into three main leukotrienes (L T), L TC4, L TD4, and L TE4 (Abbas et al., 

1994). Mast cell-derived leukotrienes bind to specific receptors on smooth muscle cells 

and thereby cause prolonged bronchoconstriction. When injected into the skin, these 
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leukotrienes produce a characteristic long-lived wheal-and-flare reaction. Collectively, 

L TC4, L TD4, and L TE4 constitute what was once called "slow-reacting substance of 

anaphylaxis" (SRS-A), and are thought to be major mediators of asthmatic 

bronchoconstriction (Abbas et al., 1997). 

c) /L-4. IL-4 plays a critical role in lgE and eosinophil-mediated inflammatory reactions. 

It stimulates the expression of certain adhesion molecules, notably vascular cell adhesion 

molecule-1 (VCAM-1) on endothelial cells, resulting in increased binding of 

lymphocytes, monocytes, and especially eosinophils. 

d) TNF-a Among the mast cell-derived cytokines, TNF-a is of particular interest as it 

plays an important role in allergic disease. Studies show that (i) mast cells freshly 

isolated from mice produce abundant TNF-a in response to FcERI crosslinking (Gordon 

and Galli, 1990; Gordon and Galli, 1991 ); (ii) the intradermal injection of recombinant 

TNF -a induces neutrophilic LPR 4-8 hours after specific allergen challenge (W ershil et 

al., 1991 ); and (iii) the allergic LPR neutrophil influx can be significantly reduced 

(by~=~50%) by injection of anti-TNF-a antibodies at the time of allergen challenge 

(Wershil et al., 1991). TNF-a is capable also of recruiting other cells into the allergic 

response. For example, TNF-a causes vascular endothelial cells to express endothelial

leukocyte adhesion molecule (ELAM-1) (Walsh et al, 1991) that makes the endothelial 

cell surface become adhesive for leukocytes (e.g. neutrophils) (Wershil et al., 1991 ), and 

also acts on neutrophils reciprocally to increase their adhesiveness for endothelial cells 

(Abbas et al., 1997). TNF-a (and TGF-~) also are important in activating fibroblasts 

within the reaction sites (Gordon and Galli, 1994). These actions all contribute to the 

accumulation of leukocytes at local sites of inflammation. Furthermore, many of these 
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recruited populations in turn contribute to the progression of the atopic response through 

elaboration of their own mediators (reviewed in Gordon et al., 1990; Gordon, 1997). 

These are probably the physiologically most important local effects of TNF -a in the 

context of allergic pathogenesis. 

2.1.4 Cell lines used in studying mast cells/basophils 

In addition to using freshly purified tissue mast cells or generating primary 

cultures from embryonic stem cells, some investigators have also used primary and 

transformed cell lines for their studies. The advantage of this is that sometimes they are 

both economical and easily-generated in large numbers. An important caveat here is that 

they do not perfectly mimic the cellular functions of freshly purified mast cells or those 

grown from primary cells directly. Thus, one must be careful in interpreting results 

obtained using such cells lines. Over the last decade, a number of human, rat, or mouse 

cell lines with many characteristics of mast cells and basophils have been established and 

used widely for research studies. Each cell line has distinct advantages and 

disadvantages. 

2.1.4.1 Human cell lines 

a) KU 812 cells. The KU812 cell line was derived from a patient suffering from chronic 

myeloid leukemia (CML). These cells exhibited many properties characteristic of mast 

cell/basophils (Kishi, 1985; Valent et al., 1990a), including the potential to differentiate 

into "mature" mast cells/basophils under appropriate culture conditions. Interleukin 4 

(IL-4) (Hara et al., 1998), IL-6, TNF-a (Nilsson et al., 1994), cytosine arabinoside (Ara-
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C), and sodium butyrate (Almlof et al., 1988) each have a potential to induce the 

differentiation ofKU812 cells into "mature" cells. Specifically, these mature cells display 

an increasing number of specific differentiation markers, such as mast cell tryptase, 

carboxypeptidase A and the heparin core protein (Blom et al., 1992). One of the more 

important of these, mast cell tryptase, was detected in KU812 cells by Northern analysis 

with an oligonucleotide probe directed against a conserved region present in all five 

human mast cell tryptases (Blom and Hellman, 1993). They also develop the 

characteristic appearance of mast cells as they are found in vivo. 

b) LAMA-84 cells. The LAMA-84 cell line is a human leukocytic cell line, which was 

also established from a patient with CML (Seigneurin et al., 1987). LAMA-84 cells 

express a number of mast cell/basophil markers, such as the high affinity receptor for 

lgE, P-tryptase, the proteoglycan core protein, and very low levels of carboxypeptidase 

A. LAMA-84 cells differentiated in serum-free medium or after DMSO or PMA 

treatment increase their expression of the FcERI a chain by 20-55 %, as well as levels of 

mast cell tryptase mRNA (Blom et al., 1996). 

Presently, KU812 and LAMA-84 cells are the only two cell lines which have been 

identified as having human mast cell/basophil characteristics. 

c) HL60 cells. The HL60 cell line comprises myeloid precursor cells which can express 

some characteristics of basophils if induced with sodium butyrate following culture under 

alkaline conditions (Hurt Taylor et al., 1988; Denburg, 1992); however a stable subclone 

of basophil-like HL60 cells has not been established as yet. 

d) HMC-1 cells. The HMC-1 cell line was generated from a patient suffering from a mast 

cell leukemia and clearly is associated with the mast cell lineage (Butterfield et al., 1988; 
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Valent et al., 1990b). However, HMC-1 cells do not express all mast cell antigens or 

characteristics and certainly lack the cell surface FcERI a chain. Thus, they cannot be 

activated via IgE and allergen. 

e) HBM-M cells. The HBM-M cell line was derived from a patient suffering from diffuse 

cutaneous mastocytosis. HBM-M cells exhibit a number of mast cell antigens, but 

attempts to establish a stable subclone have been unsuccessful so far (Krilis et al., 1991). 

2.1.4.2 Rat and mouse mast cell lines 

Many cell lines are currently used to study mouse and rat mast cells, for example, 

the murine mast cell line CPII (Baumruker et al., 1997), IL-3 dependent murine fetal liver 

derived mast cells MC-9, D815, 2D4, Cl.MC/C57.1 (Gordon and Galli, 1991) and rat 

basophilic leukemia cells RBL-2H3. Indeed, much if not most of our knowledge about 

mast cell cytokine and molecular biology has come from studies using such cell lines. 

However, since a discussion or review of such cells is quite peripheral to the topic of 

thesis, the interested reader is referred to the review by Dvorak (1997). 

2.2 Tumor necrosis factor-alpha (TNF -a) 

2.2.1 Sources of TNF -a 

TNF -a is a cytokine that circulates as a homotrimer with a MW of 51 KD. In 

addition to being important in the initiation of allergic LPR, TNF -a is also the principal 

mediator of the host response to lipopolysaccharides (LPS) (also called endotoxin) 

derived from the cell walls of gram-negative bacteria. By this means, LPS is the primary 

instigator of endotoxic shock during gram-negative bacterial sepsis (Rowley, 1955; 
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Dubos and Schaedler, 1956; Landy, 1956). The principal cells producing TNF during 

septic shock are macrophages/monocytes, although TNF is also made by other cells, 

including dendritic cells (Preischl et al., 1996), mast cells (Gordon and Galli, 1990; 

Gordon and Galli, 1991 ), B cells, T cells, NK cells, Kupffer cells, and glial cells (Tracey 

and Cerami, 1993; Abbas et al., 1997). 

2.2.2 Functions of TNF -a 

TNF -a is a multifunctional pleiotropic cytokine. It bears its name because it was 

originally described as a serum factor inducing necrosis of certain murine tumors 

(Carswell et al., 1975). TNF-a was also described however under the name cachectin, 

after its ability to cause cachexia (gross weight loss) in rabbits suffering from 

trypanosomiasis (Cerami et al., 1985). Cachexia is a pathological state that is seen during 

overwhelming gram-negative bacterial infections, following the parenteral injection of 

endotoxin (Beutler et al., 1985; Beutler and Cerami, 1986), or in human suffering from 

chronic diseases. 

For a number of years the direct and indirect anti tumour actions of TNF -a were 

its only recognized functions. However, as a result of the successful cloning of the TNF

a gene and production of recombinant TNF -a around 1988 (Kom et al., 1988), many 

unexpected and important biological actions of TNF -a were discovered. TNF -a is found 

to be an immunomodulatory agent. In addition to its functions in allergic disease as 

discussed above, some of the its other functions are: 

a). a growth factor for various cell types, especially human fibroblasts (Sugarman et al., 

1985; Vilcek et al., 1986); 
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b). an important regulator of hematopoiesis and host defenses, via its effect on the 

effector cells of innate resistance to pathogens (Old, 1985; Sherry and Cerami, 1988); 

c). an agent related to viral infections. TNF-a has antiviral function (Mestan et al., 1986; 

Wong and Goedde I, 1986) and TNF -a production can also be induced by viral infections 

(Berent et al., 1986; Wong and Goedde I, 1986; Tschachler et al., 1989). Several lines of 

evidence suggest that TNF -a can stimulate human immunodeficiency virus (HIV) 

replication by activating on KB enhancer elements within the viral long terminal repeat 

(LTR) and thus paradoxically, it might function as a disease progression factor in AIDS 

(Rosenberg and Fauci, 1990); 

d). a role in resistance to bacteria. Small amounts of TNF -a produced locally within 

infected organs function in antibacterial resistance mechanisms. TNF -inducing bacterial 

products (i.e. polyribonucleotide, polyi:C) enhance antibacterial resistance if 

administered before the initiation of the infection (Remington and Merigan, 1970); 

e). in parasitic infections low concentration of TNF-a can have protective effects 

(Rockett et al., 1988; Ohnishi et al., 1989), but high levels ofTNF-a become deleterious 

(Grau et al., 1987; Clark and Chaudhri, 1988); 

f). in autoimmunity, such as graft-versus-host reaction (Piguet et al., 1987; Piguet et al., 

1989b) and pulmonary fibrosis (Piguet et al., 1989a; Piguet et al., 1990). 

Overall, TNF -a has both beneficial and deleterious effects in infection and 

neoplasia, where it can be an important mediator of disease. Depending on its 

concentration in tissues and the presence of other mediators that influence its biological 

effects, the net effects of TNF -a produced in a disease state may ultimately benefit or 

injure the host. Although cytokine mediators produced during infections normally act in 
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concert with the immune system to protect the host, it has become clear that an acute 

overproduction of TNF -a can be catastrophic, mediating tissue injury and septic shock 

(Tracey et al., 1986a; Tracey et al., 1986b; Tracey et al., 1987a; Tracey et al., 1987b ). 

The characteristics of septic shock syndrome include the development of hypotension, 

dehydration, hemorhagic necrosis of vital organs, and death. 

2.2.3 Induction of TNF -a synthesis 

2.2.3 .1 Immunologic/pharmacological regulation of TNF -a mRNA expression 

Some of the inducers and the inhibitors which have effects on TNF -a gene transcription 

in different cell types are summarized in table 2.2 (source: Pauli, 1994). 

2.2.4 Regulation and expression of the TNF -a gene 

2.2.4.1 General overview of gene regulation 

In eukaryotes, the genes encoding proteins consist of 5' -regulatory regions or 

promotors and 3 '-structural gene segments comprising exons and introns - the exons are 

the sequences eventually represented in the mature mRNA while the introns are the 

intervening sequences removed when the primary transcript is processed to give the 

mature mRNA. The mature mRNA is of course translated into its corresponding protein 

on ribosomes in the cytoplasm. For the vast majority of genes, the 5'-regulatory region 

contains a so-called TAT A box and multiple transcription factor binding sites which 

together control or regulate gene transcription. Figure 2.3 depicts the known potential 

transcription factor-binding regions for the human TNFa promoter (Zagariya, 1998 and 
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Table 2.2 Some inducers and inhibitors of TNF -a. gene transcription in different cell types 

Inducers Cell type Inhibitors Cell type 
lipopolysaccharide separated human dexamethasone murine TO-elicited 

monocytes and pentoxifylline macrophages; 
lymphocytes; murine monocytic 
murtne pnmary cell-line (RAW 
macrophages 264.7) 

phorbol esters (e.g. human monocytes; cAMP and analogs murine cell line 
phorbol myristate murine bone RAW264.7 
acetate, marrow-derived 
phytohaemaglutinin macrophages and 
) cytotoxic T 

lymphocytes 
other cytokines (e. human peripheral protein kinase C astrocytes 
g., IL-12; TNFB; mononuclear cells inhibitors 
GM-CSF) 
ionophore human B cell line cyclosporin A; anti- human B cell lines 

(lgG-positive CD3; anti-IgG 
Burkitt lymphoma) 

vtrus human monocytic prostaglandin E2 murine 
cell line (U937); B and 2-aminopurine macrophages; 
cell line; isolated monocytic cell line 
peripheral B cells U937 

dimethylnitrosamine macrophages 
irradiation some human 

sacroma cell lines 
vitamin D3 HL-60 cells 
anti-IgG, anti- human B and T cells 
CD28, anti-CD3 
Anti-T -cell receptor 

concanavalin A human peripheral 
mononuclear cells 
and T cells 

okadaic acid human B cells 

Adapted from Pauli et al., 1994 
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Takashiba, 1993). The TATA box is a highly conserved sequence (TATAAA), usually 

situated about 30 nucleotides 5' upstream of the transcription initiation site, which directs 

the transcription initiation complex to assemble on the promoter. This initiation complex 

or basal transcription apparatus, is needed for transcription from any promoter, and 

includes proteins such as TFII-A, -B, -D, -E, -F, -H, -J and RNA polymerase II (Lewin, 

1994; Hawkins, 1996). 

As alluded to above, the efficiency and specificity of gene expression may also 

depend on a number of transcription factor binding sites or upstream promoter elements 

(UPEs), each of which is recognized by a specific transcription factor. These sites or 

motifs and the factors that recognize them may be quite common and found in a wide 

variety of cells or promoters, or they may be rather specific and particular for 

transcription in a restricted time or location. Usually the UPEs are located within --100 bp 

upstream of the transcription start point, but sometimes they are more distant. Binding of 

an array of transcription factors at sites within a gene's promoter may influence the 

formation of the transcription initiation complex. In at least some cases, the activity of the 

promoter for a gene is enormously increased by the presence of an enhancer element 

which is located outside of the promoter on which it acts (Henkel and Brown, 1994) so 

that eukaryotic promoters do not necessarily function alone. The position of such 

enhancers relative to the target promoter need not be fixed, and can vary substantially. In 

addition, such enhancers can function in either orientation with respect to the promoter 

and coding sequence (i.e., on either DNA strand; Lewin, 1994). 
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Finally, eukaryotic gene expression can also be regulated at the post

transcriptional and translational levels, via controlling the stability of the mRNA (and 

therefore its steady state levels) or its translation (addressed in §2.2.4.3; below). 

2.2.4.2 TNF -a gene expression 

The TNF -a gene exists as a single copy in the haploid genome, and has been 

mapped to the H-2 region of mouse chromosome 17 (Nedospasov et al., 1986a) and the 

HLA region of human chromosome 6 (Nedwin et al., 1985). It is closely linked (i.e. 

immediately 3 ') to the gene encoding lymphotoxin (L T), which is also called tumor 

necrosis factor beta (TNF-p). The 5' flanking region of the TNF-a gene contains multiple 

potential regulatory sites, including the TAT A box and consensus sequences for the 

transcription factors AP-1, AP-2, CIEBP, Egr-1, Ets, Sp1, NFKBINF-AT, cAMP

responsive elements (CRE) (Takashiba et al., 1993; Zagariya et al., 1998) (Figure 2.3). 

According to Nedospasov et al (1986b), who reported the complete codon for the 

human tumor necrosis factor-alpha and lymphotoxin (TNF-P) gene locus, the primary 

transcript from the TNF-a gene is encoded by nucleotides (nu) 4095 to 6859 of the TNF

a/p locus. There are four exons and three intervening introns in the TNF -a gene - the 

exons span nucleotides 4275 to 4460 (exon 1), 5067 to 5112 (exon 2), 5300 to 5347 

( exon 3), and 5649 to 6070 ( exon 4). Through mRNA splicing, the four exons are joined 

together post-transcriptionally to encode a 233 amino acid TNF-a precursor polypeptide 

translation product. 

TNF -a is initially synthesized as a nonglycosylated transmembrane peptide of 

approximately 25 kD. The orientation of the membrane bound-form TNF-a is unusual, in 
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that the amino terminus is intracellular, the transmembrane segment is near the amino 

terminus, and the carboxy terminus is extracellular. In mononuclear phagocytes, a 17 kD 

(157-amino acid) fragment, including the carboxy terminus, is proteolytically cleaved off 

of the membrane-form to yield the "secreted" peptide, which circulates as a stable 

homotrimer of 51 kD (Arai et al., 1990; Tracey and Cerami, 1993). Native TNF-a 

assumes a pyramidal shape such that each side of the pyramid is formed by a different 

monomeric subunit. The receptor binding site of each subunit is at the base of the 

pyramid, allowing simultaneous binding of the trimer to more than one receptor (Abbas 

et al., 1997). 

2.2.4.3 TNF -a gene regulation 

In general, a large body of evidence gathered from studies in monocytes and T 

cell indicates that the most important functional promoter elements of the TNF -a gene 

are in the proximal region up to -350 bp with respect to the transcription start point. The 

experimental evidence is delineated in detail below. 

2.2.4 .3 .1 Transcriptional regulation of TNF -a 

Many groups have examined the transcriptional regulation of TNF -a by various 

inducers. Studies using virus, LPS, PMA, TNF -a itself and other cytokines as inducers 

have provided a complex picture of TNF -a gene regulation, in that the promoter 

sequences that control gene expression vary with the cell type and stimulus. The regions 

of the TNF -a promoter demonstrated to have regulatory activities are summarized in 

Table 2.3 and discussed in some detail below. 
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Table 2.3 Regions of the TNF -a promoter involved in transcriptional regulation of 
TNF expression 

Inducer Monocytes T cells Mast cells 
and dendritic 

cells 
Positive Negative Positive Negative Positive 

regulation regulation regulation regulation regulation 
PMAor -139 to -101 -254 to -230 -95 to -36 -323 to -285 -99 to -89 
calcium -170 to -160 (F ong et al., (Rhoades et (Kroeger and (Preischl et 

ionophore (Kramer et 1994) al., 1992) Abraham, al., 1996) 
al., 1995) 1996) 

-52 to +89 
-323 to -285 (Goldfeld et 
(Kroeger and al., 1991) 

Abraham, 
1996) -106 to -84 

(Tsai et al., 
-125 to -102 1996) 
(F ong et al., 

1994) -120 to -100 
(Kramer et 

-95 to -36 al., 1995) 
(Economou et 

al., 1989) 

TATA box 
(Leitman et 
al., 1992) 

LPS -99 to -89 
(Trede et al., 

1995) 

-182 to -162 
-119 to -88 
(Yao et al., 

1997) 

-584 to -487 
(Takashiba 
et al., 1995) 

-627 to -589 
(Udalova et 
al., 1998) 
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2.2.4.3.1.1 Regulation ofTNF-a gene expression in monocytes 

a). Phorbol ester or calcium ionophore as inducer 

In the promoter region of the TNF-a gene in PMA-stimulated U937 cells (a 

histocytic monocyte cell line established from a human histiocytic lymphoma; Sundstrom 

and Nilsson, 1976), Kramer et al found two positive regulatory elements. A major one 

(located at nucleotides -139 to -101; Kramer et al., 1995) contains an ets binding 

motif (5'GAGGA 3') in direct juxtaposition to an AP-1-like motif (5' TGAGCTCA 3'). 

Specific binding of ets and jun to their respective elements is essential for both basal 

promoter activity and responsiveness to PMA induction. A second GC-rich sequence (5'

CCGCCCCCGCG-3'), spanning nucleotides -170 to -160, apparently binds two distinct 

proteins with overlapping recognition sites, the constitutive transcription factor SP -1 and 

the PMA-induced immediate-early growth-response transcription factor-1 (egr-1; also 

designed krox-24). krox-24 has been demonstrated to play a role in the regulation of 

TNF -a gene expression, although deletion of this site does not result in markedly reduced 

TNF promoter activity, suggesting that it may play only an ancillary role in TNF gene 

regulation. On the other hand, the nuclear transcription factor CIEBP f3 plays an important 

role in the regulation of the TNF-a gene in myelomonocytic cells (Pope et al., 1994). In 

further studies it was found that in PMA/LPS-stimulated myelomonocytic cells, TNF -a 

expression is regulated by the interaction of c-jun and C/EBP/3 at a site 102/103 bp 

upstream of the promoter (Zagariya et al., 1998) in a unique fashion that does not require 

the c-jun transactivation domain. Thus, this provides new insights into the cell-type

specific regulation of the TNF-a gene (Zagariya et al., 1998). 
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Kroeger and Abraham (1996) have identified a region of the human TNF -a 

promoter between nucleotides -323 and -285 which acts as an inducible enhancer of 

transcriptional activity in U937 cells. It contains a 10 bp sequence homologous to the 

consensus binding site of activator protein-2 (AP-2), which would suggest that AP-2 

could be involved in transcription in these cells. However, deletion analysis has revealed 

one positive (-125 to -102) and one negative (-254 to -230) cis-acting element within the 

promoter region of the TNFa gene in monocytes. The negative element contains a 10-bp 

sequence with homology to the binding site of AP-2, but gel retardation analysis reveals 

that this AP-2-like site does not actually bind AP-2 protein. Therefore, the observed 

repression is very likely mediated by a novel AP-2 consensus site binding protein(s) 

(Fong et al., 1994), with an apparent molecular mass of30-60 kD (Fong et al., 1995). 

Economou et al (1989) found that TNF-a promoter constructs enzymatically 5'

truncated to -95 bp (relative to the transcription start site; TSS) could still be induced by 

PMA stimulation in U937 cells, although further truncation to -36 bp (within 11 bp of the 

TATA box) eliminated the activity. They concluded that a phorbol ester responsive site is 

localized within this -95 to -36 bp region of the TNF promoter. Rhoades et al (1992) 

reported finding single AP-2 and AP-1 consensus sequences in this region, with the AP-2 

site modestly (20-50%) and the AP-1 site markedly contributing to both basal and PMA

induced promoter activities (Rhoades et al., 1992). Finally Leitman et al (1992) 

demonstrated that PMA-induction is potentiated by each of CTF/NF-1, SP-1, and CRE 

and also that when the TATA-box is mutated, there is a 3-4 fold reduction in PMA

inducible TNF-a promoter activity. Thus, the TATA-box is a minimal requirement for 
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PMA induction, with the surrounding nucleotides modulating its activity (Leitman et al., 

1992). 

b). LPS as an inducer ofTNF-aexpression 

Several transcription factors seem to be important in regulating the TNF response 

to endotoxin challenge. As noted, TNF -a has been largely implicated in the endotoxic 

shock of bacterial sepsis. In mice, a region of the TNF -a promoter which lies upstream of 

-451 bp and which contains one or more nuclear factor-KB (NF-KB) binding motifs is 

important to this response (Collart et al., 1990; Shakhov et al., 1990). In the human TNF 

promoter, NF-KB motifs have been identified in a number of locations. Udalova et al 

describes a dense cluster of NF-K132-DNA interactions located -627 to -589 nucleotides 

upstream of the transcriptional start site in the human monocyte cell line Mono Mac 6 

(Udalova et al., 1998). This 39-nucleotide segment can bind up to three NF-KB 

heterodimers simultaneously, with each element of the cluster contributing to LPS

induced transcriptional activation. 

THP-1 monocytic leukemia cells also employ NF-KB transcription factors in 

regulating TNF -a gene transcription, and in these cells an NF- K13 motif was identified at 

nucleotides -99 to -89 (Trede et al., 1995). This region binds the nuclear factor identified 

as p50/p65, while an overlapping CRE-binding motif (nucleotides -119 to -88) has been 

identified (Yao et al., 1997). In unstimulated THP-1 cells, both CRE and, to a lesser 

extent, c-jun bind to this CRE motif. Upstream of this (nucleotide -182 to -162), the 

promoter contains overlapping Sp1/Egr-1 binding motifs. In LPS-stimulated cells, both 

the Egr-1 and K133 motifs bind their cognate transcription factors (Egr-1 and p5 O/p65, 

respectively) (Yao et al., 1997). Interestingly, these studies suggest that there exists a 

37 



cooperative interaction between c-jun complexes and p50/p65. They further suggest that 

maximal LPS induction of the TNF promoter is mediated by the concerted participation 

of at least two separate cis-acting regulatory elements (Y ao et al., 1997). 

In another study, human monocytic THP-1 cells were transfected with a series of 

truncated versions of the human TNF-a promoter. The authors found that a 98-bp region 

located from nucleotides -584 to -487 possessed strong promoter activity (Takashiba et 

al., 1995), and that a 64 bp fragment within this region lacked any potential NF-KB

binding sites but nevertheless avidly bound nuclear proteins purified from LPS

challenged THP-1 cells. This data suggests that there is a unidentified nuclear DNA

binding protein other than, or in addition to NF-KB which is necessary for the initiation of 

human TNF -a gene transcription. 

2.2.4.3 .1.2 Regulation of TNF -a gene expression in T lymphocytes 

In human T lymphocyte cell lines, the minimal region of the TNF -a promoter that 

is necessary for transcriptional induction by PMA has been localized between -52 and 

+89 nucleotides relative to the TSS (Goldfeld et al., 1991). It has also been reported 

(Rhoades et al., 1992) that, in MLA 144 T cells, nucleotides -95 to -36 are important to 

TNF-a gene expression (i.e. as in U937 cells) and that the transcription factor AP-1 plays 

an important role in this expression. An important point to note here is that while some 

regulatory elements in the TNF -a promoter may be shared by T cells and macrophages, 

there are also some differences between these cell types. For instance, the -323 to -285 bp 

region which plays a positive role in U93 7 cells actually has a repressor activity in Jurkat 

T cells (Kroeger and Abraham, 1996). In the latter cells, an AP-2 consensus sequence 
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maps between bp -314 and -305, and competitive electromobility shift assays (EMSA) 

using consensus AP-2 oligonucleotides indicate that AP-2 might be involved in this T 

cell specific repression of TNF -a gene expression (Kroeger and Abraham, 1996). 

While different cell types can employ different regulatory mechanisms, it is also 

known that different signaling pathways (e.g., phorbol esters versus other stimulants) can 

employ distinct means or transactivators to induce expression of the TNF-a gene. Thus, 

further mapping studies in T cells have shown that cooperation between the CRE and the 

adjacent NF-K133 site (locate in the -106 to -84 bp region) is required for calcium

mediated TNF -a promoter activity (Tsai et al., 1996), while cooperation between the 

CRE and the adjacent Ets sites (locate in -120 to -100 region) is required for PMA

induced activity (Kramer et al., 1995). 

2.2.4.3.1.3 Regulation ofTNF-a gene expression in mast cells and dendritic cells 

The human TNF -a promoter has been analyzed using a mouse model system, 

including the CPII mast cell line and the DC 18 dendritic cell line (Preischl et al., 1996) 

together with PMA and the Ca2
+ ionophore ionomycin as cellular stimulants. In the DC 18 

cells, PMA alone induces the TNF -a promoter in an macrolide (FK506)-insensitive 

manner. The K3 factor binding site appears to be the crucial regulatory element for this 

induction, allow the binding of the NF-KB proteins p50 (NF-KBJ) and p65 (RelA) 

(Preischl et al., 1996). In the CPII cells however, both PMA and ionomycin are necessary 

for promoter activation, which, again unlike DC 18 cells, is sensitive to 

immunosuppressive drugs (i.e., FK506). However, as in DC18 cells, the K3 site in the 

CPII cells is also a crucial element, although NF-AT and AP-1 factors are the 
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predominant proteins that bind to and control the K3 element of the TNF -a promoter in 

these cells (Preischl et al., 1996). Of note here is the observation that while the human 

TNF-a promoter may express some activities in some mouse cells, it is apparently non

functional in mouse macrophages. Thus, Preischl's results with mouse mast cells must be 

interpreted very cautiously. 

2.2.4.3.2 Post-transcriptional regulation ofTNFa gene expression 

As alluded to above, the stimulus received at the cell surface can alter gene 

expression by inducing specific changes in mRNA degradation. For example, TNF-a 

production is also regulated at the post-transcriptional level through mechanisms which 

alter mRNA stability and translational efficiency. One such mechanism is related to the 

highly conserved (U+A)-exclusive sequence (the TTATTTAT genomic element) that has 

been found in the 3'-untranslated region (3'-UTR) ofTNF-a mRNA (Caput et al., 1986). 

Studies using a construct with the TNF-a promoter attached upstream and the 3'-UTR 

downstream of a CAT reporter gene have revealed that the 3 '-UTR inhibits translation in 

non-activated cells, but increases the efficiency of translation in activated cells (Han et 

al., 1990). 

2.3 Pharmacological regulation of cytokine gene expression in allergic disease 

(asthma) 

The appreciation that cytokines may be responsible for many of the biologically 

and clinically important consequences of mast-cell activation not only has influenced our 

understanding of the pathogenesis of disorders involving these cell types, but may also 
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have therapeutic implications. It has been shown that the IgE-dependent induction of 

increased levels of certain cytokine mRNAs in mouse mast cells can be inhibited by 

cyclosporine or dexamethasone (Burd et al., 1989; Wershil et al., 1992; Wershil et al., 

1995b; Wershil et al., 1995a), and that in mice dexamethasone can markedly diminish 

both the lgE-dependent release of TNF -a by mast cells and the tissue swelling and 

leukocyte infiltration associated with lgE-dependent cutaneous reactions (Wershil et al., 

1992). And it has been demonstrated that cyclosporineA or the macrolide FK506 can 

variably inhibit the release of cytokines from mouse mast cell lines (Hatfield and Roehm, 

1992). In humans, corticosteroids markedly diminish many of the clinical and histologic 

manifestations of cutaneous late-phase reactions and other allergic responses in the skin 

and other organs, and can inhibit the release of mediators from basophils (Galli and 

Lichtenstein, 1988; Schleimer et al., 1989). Indeed, corticosteroids comprise the primary 

prophylactic agents for asthmatic inflammation. The drawbacks of using high dose 

corticosteroids to manage asthma include: causing thrush and dysphonia (Toogood et al., 

1980; Williams et al., 1983; Shaw and Edmunds, 1986); suppression of adrenal function 

in adults and children (Smith and Hodson, 1983; Law et al., 1986); cataract formation 

(Kewley, 1980; Allen et al., 1988); interference of bone metabolism (Pouw et al., 1991 ); 

decreased liner growth in children (Wolthers and Pedersen, 1991); and purpura and 

thinning of the skin (Capewell et al., 1990). 

Thus, the development of an exquisitely specific blocker of all or even a portion 

of the mast cell-induced pathology in allergic subjects is a very noteworthly objective. 

This is the underlying rationale for our assessment of the regulation of TNF -a gene 

expression in mast cells. 
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3. HYPOTHESIS AND OBJECTIVES 

3.1 Hypothesis 

As mentioned, TNF -a released by mast cells plays an important role in allergic 

disease, and thus could provide a good target for some control of the disease. Previous 

studies have shown that glucocorticoids, which possess potent anti-inflammatory 

properties, suppress TNF -transcription and translation via interaction with sequences 

present in the TNF promoter and 3'-UTR (Han et al., 199la; Han et al., 1991b) but, as 

noted above, steriod therapies possess their own drawbacks. We are interested in 

determining whether the molecular mechanisms regulating TNF -a expression in mast 

cells are different from that in macrophages. We hypothesize that TNF -a is regulated 

differently in mast cells than has been reported for macrophages. 

3.2 Objectives 

Our overall objective is to study the kinetics of TNF -alpha mRNA and protein 

expression in response to PMA and A23187 stimulation and to map the regulation of 

TNFa expression in human mast cells. Our specific objectives are threefold: 

i. to produce a series of human TNF -a promoter constructs which could be used to map 

cis-acting sequences involved in the regulation of the TNF -a gene in differentiated 

KU812 cells; 

ii. to examine the kinetics of TNF-a mRNA and protein expression in differentiated 

KU812 cells; 

42 



iii. to examine the contributions of different regions within the TNF -a gene promoter to 

TNF -a expression in differentiated KU812 cells. 
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4. CONSTRUCTION OF 5'-DELETED HUMAN TNF-a PROMOTER

LUCIFERASE REPORTER GENE CONSTRUCTS 

In order to map cis-acting sequences involved in the regulation of the TNF -a gene 

expression in differentiated KU812 cells, it was necessary to first prepare reporter gene 

constructs comprising promoter inserts progressively deleted from 5 '-end. By 

determining their differential activities in mast cells ( chaper 5) it could be possible to 

map the promoter regions that differentially regulate TNF -a expression in theses cells. 

The details of promoter construction are described in this section. 

4.1 Materials and methods 

4.1.1 Reporter gene construct preparation 

The TNF -a promoter DNA employed for these studies was a luciferase 

expression construct (hTNF-luc.pGL2; Figure 4.1), kindly provided by Dr. F. 

DeLaBrousse (Tularik, Inc., South San Francisco). This plasmid had been constructed by 

cloning a fragment containing sequence from -625 to + 19 (relative to the transcription 

start site; TSS) of the human TNF-a gene into the multiple cloning site (MCS) of a 

luciferase expression vector pGL2-basic (Promega, Madison, U.S.A.). pGL2-basic lacks 

all eukaryotic promoter sequences, so that insertion of a functional TNF -a promoter 

upstream of the luciferase gene would allow it to be expressed in transfected cells that are 

expressing TNF-a. Thus the recombinant construct hTNF-luc.pGL2 allows examination 
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Figure 4.1 Plasmid map of the (full length) TNF -a promoter-luciferase reporter 

gene construct (hTNF-luc.pGL2). It was provided by Dr. F De la Brousse, Tularik, San 

Francisco and was used to assess the TNF -a promoter activity in differentiated KU812 

cells. The insert comprises nucleotides -625 to + 19 relative to the transcription initiation 

site of human TNF-a gene promoter. The numbers after the restriction enzymes refers to 

the nucleotide location of the incision site relative to number 1 in the pGL2-Basic vector. 
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of the strength of the human TNF-a promoter through the expression of luciferase in 

transfected cells. A simplified map ofhTNF-luc.pGL2 is shown in Figure 4.1. 

4.1.1.1 Preparation of TNF -a promoter deletions 

Restriction enzyme digests were done according to standard methods (Ausubel et 

al., 1987). The restriction endonuclease Hind III and Hpa I were purchased from 

GIBCO/BRL (Burlington, Ontario, Canada), Sma I and exonuclease BAL-31 were 

purchased from New England Biolabs (Mississauga, Ontario, Canada), and the Klenow 

fragment of DNA polymerase I and T4 DNA ligase were purchased from Promega 

(Madison, U. S. A.). 

To generate 5' -deleted promoter inserts, hTNF-alpha-luc.pGL2 was first 

linearized with Sma I, then treated with exonuclease BAL-31 (which digests linearized 

DNA at both ends) at 37°C for 1 to 6 min (with 1 min intervals). The deleted DNA was 

precipitated by adding 1/10 volume of 3 M sodium acetate (NaAc) (pH 5.2) and 2 

volumes of 100% ethanol. The pellet was dissolved in H20, and treated with the Klenow 

fragment of DNA polymerase I to blunt end the deleted 5'-ends. Each of the serial 5'

deleted TNF -alpha promoter inserts were excised with Hind III and purified from agarose 

gel using the glasswool DNA purification method (Heery et al., 1990). 

4.1.1.2 Vector preparation 

To prepare the vector DNA, commercial pGL2-basic DNA was linearized with 

Sma I and extracted with phenol/chloroform to remove the enzyme. Subsequently, DNA 

was precipitated with NaAc and 100% ethanol as above, washed with 70% ethanol, and 
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dissolved in water. The dissolved DNA was then cut with Hind III and the Sma I-Hind III 

fragment (5553 bp) was purified as described above. 

4.1.1.3 Ligation and transformation 

4.1.1.3.1 Ligation 

The 5'-deleted TNF-a promoter fragments(§ 4.1.1.1) were ligated into the Sma I

Hind III digested pGL2-basic vector (§ 4.1.1.2) using T4 DNA ligase (Ausubel et al., 

1997). 

4.1.1.3.2 Competent HB101 preparation 

Competent Escherischia coli (E. coli) strain HB 101 were prepared according to 

Ausubel et al (1997). Briefly, a single clone of the HB101 strain of bacteria E. coli was 

inoculated into 3 ml Luria Broth (LB) medium (1% Tryptone, 0.5% yeast extract, 0.5% 

sodium chlororide, pH 7.0) and incubated at 37°C overnight with vigorous shaking (250 

rpm). One ml of this overnight E. coli culture was inoculated into 100 ml of fresh LB 

medium, and the culture was shaken (250 rpm) at 37°C until the OD600 of the culture 

reached 0.8. Then the cultures were centrifuged at 1085 x g for 10 min, the supernatant 

discarded, and the cell pellet was resuspended in 25 ml of ice-cold 0.1 M MgCh. The 

mixture was again spun at 1085 x g for 8 min, and the bacteria were resuspended in 25 ml 

of cold 0.1 M CaCh and incubated on ice for 20 min. Finally, the suspension was spun at 

270 x g for 5 min at 4°C and the pellet resuspended in 4 ml of ice-cold 0.1 M CaCh. 

Then sterile glycerol was added to a final concentration of 14 % (vol/vol). The bacteria 
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suspension was aliquoted (200 f.!l/tube ), frozen quickly on dry ice and stored at -70°C. 

Competent HB 101 were used in transformation experiments. 

4 .1.1.3 .3 Transformation 

Transformations were done according to standard methods described by Ausubel 

et al (1997). Briefly, for each transformation reaction, 1.5 f.!l of dimethyl sulfoxide 

(DMSO) was added to 100 f.!l of competent HB101 cells(§ 4.1.1.3.2), mixed thoroughly 

and then 50 ng of DNA dissolved in 10 f.!l TE (1 0 mM Tris.Cl, 1 mM EDTA [pH 8.0]) 

was added. The mixtures were incubated first on ice for 30 min and then heat-shocked at 

42°C for 2 min. Next, 1ml of LB was added and the cultures were shaken (250rpm) at 

37°C for 30 min. Finally, 100 f.!l of each cell culture was plated on aLB-ampicillin (100 

f.!g/ml AMP) selection plate and the plates incubated overnight at 3 7°C. Any colonies 

which grew on the plates would be AMP-resistant due to their carrying plasmids which 

have AMP-resistant gene. 

4.1.1.4 Selection of recombinant clones by colony hybridization 

To select the recombinant clones from the non-recombinant ones, we used a 

colony hybridization method (Ausubel et al., 1997) with a radiolabeled human TNF-a 

promoter-specific probe. 

4.1.1.4.1 Probe preparation 

To prepare the probe for selection of recombinant colonies, hTNF -luc.pGL2 was 

digested with Sma I and Hind III to excise the full-length TNF-a promoter insert, which 
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was electrophoretically purified on an agarose gel as noted above. The full length eDNA 

was labelled with 32P-deoxycytidine triphosphate e2P-dCTP; Mandel/NEN, Mississauga, 

Ontario, Canada) using an oligolabeling, or random hexamer priming, kit (Amersham 

Life Science Inc., Illinois, U. S. A.). Briefly, 1.7 f.lg of eDNA (dissolved in 34 f.ll distilled 

H20) was incubated at 90°C for 15 min to denature the DNA and then at 37°C for 5 min. 

The following kit reagents were then added sequentially to the denatured DNA: 10 J.ll of 

reagent mix (deoxynucleoside triphosphates [dNTPs]:10mM each dATP, dCTP, dGTP, 

dTTP), 5 J.ll of 32P-dCTP (3000-8000 ci/mmol), and 1 J.ll of the Klenow fragment of DNA 

polymerase I (5 units). The reaction mixture was incubated overnight at room 

temperature and the following day the labelled DNA was separated from the 

unincorporated 32P-dCTP and dNTPs by filtration through a Sephedex G-50 (Pharmacia, 

Quebec, Canada) column (elution in buffer STE: 10mM Tris-HCl [pH 7.5], 10mM NaCl, 

1mM EDTA [pH 8.0]). The first radioactive peak eluted from the column was collected 

as the labelled eDNA and quantitated by liquid scintillation countering on a Beckman LS 

6000IC. For colony hybridization, 1.5x107cpm of the 32P labelled eDNA was used in 30 

ml prehybridization solution. 

4.1.1.4.2 Colony hybridization 

Single colonies were picked from an original plate of putative recombinant 

transformed clones(§ 4.1.1.3.3) with toothpicks and inoculated at identical positions on 

two LB-AMP plates. One of the plates had a gridded nylon membrane (Amersham, 

Hybond™-N, Cat. No. RPN. 1782N) overlaying the LB-AMP, while the other (replicate) 

was simply used as a repository of the selected clones. The plates were then incubated at 
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3 7°C overnight. The next morning, the nylon membrane was peeled off the first plate and 

put (bacterial side up) on top of a piece of Whatman filter paper (Fisher scientific, 

Nepean, Ontario, Canada) saturated with denaturing solution (1.5 M NaCl/0.5 M NaOH) 

for 2 min, then transferred to a similar filter paper saturated with neutralizing solution 

(1.5 M NaCl/0.5 M Tris [pH 8]) for 2 min. The neutralizing step was repeated once, then 

the nylon membrane WaS rinsed in 5 X sodium chloride/sodium citrate buffer (5 X SSC, 

0.75 M NaCl, 75 mM Na3citrate.2H20, [pH 7.0]) and, finally, the cell lysate (containing 

the bacterial DNA) was fixed to the nylon membrane by UV irradiation with a short

wave transilluminator (UV Stratalinker 1800, Stratagene Cloning Systems, La Jolla, CA, 

U.S.A.). 

The membrane was incubated in 15-30 ml of prehybridization mix (5 X sse, 

0.1% sarcosyl, 0.2% sodium dodecyl sulfate (SDS), 1% skim milk (Carnation, Don Mills, 

Ontario, Canada) at 65°C overnight. The next morning the labelled probe(§ 4.1.1.4.1) in 

STE was denatured by heating to 1 00°C for 3 min, then chilled on ice, and added to the 

membrane/hybridization solution (1.5x107 cpm/30ml). Probe hybridization was carried 

out for 8 hat 65°C. Then the membranes were washed once for 10 min at 65°C with 50 

ml of 5 X sse and three times with 2 X SSC/SDS. Finally the membranes were dried on 

filter paper and exposed to Kodak X-OMAT-AR autoradiography film (Eastman Kodak 

Company, Rochester, New York, U.S. A.) for 6-12 hrs. The film was developed using an 

automated X -ray film developer and positive clones were identified from the 

autoradiograph, then selected from the same position on the replicate plate (above). 

A large number of positive clones were picked from the replica plate and their 

plasmid DNAs were extracted using a mini-preparations as described (Ausubel et al., 
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1997). Briefly, single clones were inoculated into 3 ml LB-Amp medium and incubated 

in a shaking (250 rpm) incubator at 37°C overnight. Half of the overnight cultures were 

transferred into microfuge tubes and spun at top speed in an eppendorf microcentrifuge 

(14000 rpm) for 2 min (the other half of each culture was stored at -80°C for future use). 

After centrifugation, the supernatants were discarded and the cell pellets resuspended 

with 100 J.ll of cold 50 mM glucose/1 0 mM EDT A/25 mM Tris. Then 200 J.ll of freshly 

prepared 0.2 M NaOW1 % SDS and 150 J.ll cold 29.5% (w/v) potassium acetate/11.5 % 

(v/v) glacial acetic acid were added sequentially to each suspension. Each mixture was 

vortexed and spun at top speed (14000 rpm) for 5 min. The supernatants were transferred 

to fresh tubes and extracted with 0.4 ml phenol-chloroform (1: 1 ). Then each aqueous 

phase was transferred to a new tube and its DNA was precipitated with 1 ml of 95 % 

ethanol and washed with 70 % EtOH. The DNA pellets were dried, dissolved in TE 

buffer containing 20 J.lg/ml RNaseA (Boehringer Mannheim, Laval, Quebec, Canada) and 

used for restriction enzyme analysis. 

The extracted DNAs were digested with the restriction endonucleases Hpa I and 

Hind III using strandard procedures, as noted above. The generated fragments were 

electrophoresed on agarose gels and their sizes were estimated using molecular size 

standards. A series of single clones carrying human TNF -a promoter inserts of different 

sizes were selected. For each of these clones, more plasmid DNA was generated and 

purified by CsCl-ethidium bromide equilibrium centrifugation (below; § 4.1.1.5.2). 
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4.1.1.5 Plasmid DNA amplification and purification 

4.1.1.5.1 Amplification of plasmid DNA 

Plasmid DNA was prepared by the alkaline lysis method according to Sambrook 

et al (1989). Briefly, 50 f.ll of the bacterial cultures (§ 4.1.1.4.2) carrying recombinant 

plasmid was inoculated into 3 ml LB-AMP and incubated at 250 rpm at 37°C overnight. 

The next morning, triplicate cultures were pooled and inoculated into 500 ml of LB

AMP, and further incubated at 37°C for 17-20 hr. The cells were harvested by 

centrifugation at 2520 x g for 15 min at 4 oc and the bacterial pellet was washed with 100 

ml of ice cold STE (0.1 M NaCl, 10 mM Tris.HCl [pH 8.0], 1 mM EDTA [pH 8.0]). The 

bacteria were re-pelleted by centrifugation and resuspended in 10 ml of 50 mM 

glucose/25 mM Tris-HCl (pH 8.0)/10 mM EDTA (pH 8.0). One ml of freshly prepared 

lysozyme (Sigma, Oakville, Ontario, Canada) solution (10 mg/ml in 10 ml Tris-HCl [pH 

8.0]), 20 ml of freshly prepared 0.2 N NaOH/1% SDS and 15 ml of ice-cold 3 M 

potassium acetate/ 11.5% (VN) glacial acetic acid were added sequentially, followed by 

gentle mixing to lyse the cells. The bacterial debris was removed by centrifugation at 

1935 x g for 15 min at 4°C and the supernatant was carefully transferred to a 250 ml

centrifuge tube. The plasmid DNA was precipitated by the addition of 0.6 volumes of 

isopropanol, incubation at room temperature for 10 min and centrifugation at 4080 x g for 

15 min. The supernatant was carefully decanted and the pellet was washed two times 

with 70 % ethanol. Finally, the ethanol was decanted off and the DNA pellet was 

dissolved in 5 ml of TE buffer (pH 8.0). 
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4.1.1.1.5.2 Purification of the amplified plasmid DNA by CsCl-equilibrium 

centrifugation 

The amplified DNA was purified by equilibrium centrifugation in CsCl-ethidium 

bromide gradients as follows. Briefly; for each 10 ml of DNA in TE, we sequentially 

added 10.7 g CsCl and 0.8 ml of a 10 mg/ml of ethidium bromide solution. The mixture 

was mixed well and spun at 3000 rpm (1465 x g) for 10 min, then transferred into a 

sealable ultracentrifuge tube (Beckman Quick-seal centrifuge tube) and centrifuged for 

48 hr at 45,000 rpm (25°C) using Beckman L8-55 ultracentrifuge (Ti50 rotor). The tubes 

were then subjected to long wave-UV light source to reveal the plasmid bands, which 

were harvested into polypropylene tubes with a 20g needle attached to a 3 ml syringe. 

Then each sample volume was adjusted to 5 ml with TE and the ethidium bromide was 

removed by 4-6 extractions with 5 ml TE buffer saturated with butanol (BDH Inc., 

Mississauga, Ontario, Canada). The DNA solutions were transferred into Sorvall 

centrifuge tubes and the DNA precipitated by the addition of 2 volumes of 95 % ethanol 

and centrifugation at 7710 x g for 10 min. Each DNA pellet was dissolved in 0.45 ml 

TE, transferred to an eppendorf tube and re-precipitated with 50 J.ll of 3 M sodium acetate 

and 1 ml95% ethanol and centrifugation at top speed (14000 rpm) for 10 min. The DNA 

pellet was washed with 75 %ethanol and dissolved in TE, and the DNA concentrations 

determined spectophotometrically at a wavelength of 260 nm (Ausubel et al., 1997). 
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4.1.1.6 Sequencing ofthe 5'-deleted TNF-a promoter constructs 

The selected 5'-deleted hTNF-luc.pGL2 constructs were sequenced commercially 

(The Plant Biotechnology Institute, Univ. of Saskatchewan, Saskatoon, SK) using 5' and 

3' paired sequencing primers (GeneLight™ primer 1 and 2; promega). 

4.2 Results 

4.2.1 Vector and insert preparation 

I digested pGL2-basic DNA with Sma I and Hind III to produce the linearized 

vector to be used for the ligation reactions (Figure 4.2A). To generate the 5'- deleted 

promoter fragments, the hTNF-luc.pGL2 DNA was linearized with Sma I and digested 

with exonuclease BAL-31 for varying period of times to make increasingly greater 5'

deletions of DNA (and 3'-deletions of the plasmid DNA). A small amount of each 

reaction mixture was electrophoresed on an agarose gel to verify the deletions (Figure 4.2 

B). These plasmids were subsequently treated with the Klenow fragment to fill in the 

BAL-31 digested ends, then the 5'-deleted hTNF promoter DNA inserts were excised 

with Hind III, gel purified (Figure 4.2 C) and subsequently ligated back into the pGL2-

Basic vector. 

4.2.2 Preparation of 5' -deleted hTNF -luc.pGL2 constructs 

The purified inserts were ligated into the pGL2-basic DNA/Sma I-Hind III vector 

us1ng T4 DNA ligase and then the recombinant plasmids were transformed into 

competent HB 101. The recombinant clones were selected by colony hybridization using a 

32P-labelled hTNF-a promoter fragment (-625 to +19) excised from the original hTNF

luc.pGL2. Typical colony blot autoradiographic results are depicted in Figure 4.3 A. 
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Figure 4.2 Preparation of luciferase reporter gene vector and TNF-a promoter 5'

deletion fragments for generation of the TNF-a promoter-mapping constructs. A. 

To prepare the vector, pGL2-basic DNA was digest with Sma I and Hind III, and 

electrophoresed in and purified from an agarose gel. Lambda DNA digested with Hind III 

was used as molecular size marker. B. Ethidium bromide-stained gel of Sma !-linearized 

hTNF-luc.pGL2 plasmids that had been digested for varying periods of time with BAL-

31 exonuclease to generate increasingly greater 5' deletions of the promoter inserts. C. 

Agarose gel purification of the 5 '-deleted TNF -a promoter fragments which had been 

excised from the constructs in Fig.4.2 B by Hind III digestion. The 5 '-deleted fragments 

have apparent molecular sizes of approximately 100 bp to 600 bp. 
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Figure 4.3 Identification of recombinant 5'-deleted TNF-a promoter-pGL2 

constructs by colony hybridization (A) and restriction endonuclease mapping (B). 

The eDNA fragments depicted in Figure 4.2 C were each ligated into Sma I-Hind III

linearized pGL2-basic DNA and transformed into competent E.coli. (A). The 

recombinant bacteria frorn each transformation reaction were identified by colony 

hybridization using 32P-labelled human TNF promoter eDNA. Positive controls 

comprised hTNF-luc.pGL2 transformed bacteria colonies and negative controls 

comprised pGL2-basic DNA transformed bacteria colonies. (B). Ethidium bromide

stained agarose gel showing restriction endonuclease (Hpa I -Hind III) digests of CsCl

purified plasmid DNA from a number of different recombinant 5 '-deleted hTNF

luc.pGL2 constructs. 
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Individual clones from hTNF-luc.pGL2 DNA-transformed cells were used as a positive 

control while single clones from pGL2-Basic DNA-transformed cells were used as a 

negative control. A number of the positive clones from the 5'-deleted hTNF-luc.pGL2 

ligation reaction (....., 45) were selected and inoculated into small volume of LB+ AMP 

media and the plasmid DNA mini-preps were prepared and digested with Hind III and 

Hpa I for restriction analysis to verify the deletions (Figure 4.1). Maxi-prep plasmid 

DNA was then prepared from each of the verified recombinant clones and purified by 

CsCl equilibrium centrifugation. The CsCl-purified recombinants were also subjected to 

restriction analysis (Hpa I!Hind III) to estimate the sizes of these 5'-deleted TNF 

promoter eDNA's (Figure 4.3 B). 

To precisely map the deletion mutants, 7 constructs carrying the 5' -deleted TNF

alpha promoter, as well as the original (i.e. full-length) hTNF-luc.pGL2 plasmid, were 

sequenced (data not shown). The lengths of the 5'-deleted promoter inserts relative to the 

transcription start site (TSS) ofthe human TNF-alpha gene were -331, -205, -153, -131,-

114, -82, and -68 for the 5'-deleted promoter fragments and -625 bp for the full-length 

promoter (where minus indicates upstream of or 5' to the TSS). The full-length hTNF-a 

promoter used in this project was reported to encompass nucleotides- 625 to+ 19. The 

alignments of our 5' -deleted hTNF-a promoter fragments and the original full-length 

construct are depicted in Figure 4.4. 
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Figure 4.4 The alignment of 5'-deleted TNF-a. promoter constructs to the fulllengh 

TNF-a. promoter (-625 bp). Full length human TNF-a. promoter (-625 bp) is deleted 

progressively from 5 '-end by using BAL-31 exonuclease. Seven deleted promoter are 

generated, they are -331, -205, -153, -131, -114, -82 and -68 bp away from TSS. 

Unfortunately, no deleted constructs which located in -625 to -331 region were obtained. 

The alignment of 5 '-deleted TNF -alpha promoter to the full length promoter is shown in 

this figure. 
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5. REGULATION OF TNF-a GENE EXPRESSION IN 

DIFFERENTIATED HUMAN KU812 CELLS 

The first goal was to determine the kinetics of TNF-a mRNA and protein 

expression in differentiated KU812 cells. The second was to examine the contributions of 

different regions within the TNF -a gene promoter to TNF -a expression. 

5.1 Materials and methods 

5.1.1 Culture and differentiation of KU812 cells 

The KU812 cell line was established from a patient in blast crisis with chronic 

myelogenous leukaemia. It has phenotypic properties conforming to those of normal 

basophilic precursor cells (Kishi, 1985), but the cells can differentiate into mast cell-like 

cells by incubation with various biological and chemical agents (Almlof et al., 1988; 

Nilsson et al., 1994; Hara et al., 1998) including sodium butyrate and interferon-gamma. 

The cells used in this study were kindly provided by Dr. J. Marshall of Dalhousie 

University. They were maintained at a density of 5 x 105 cells/ml (cells were counted 

with trypan blue using a hemocytometer) in RPMI 1640 medium supplemented with 10o/o 

heat-inactivated (56°C, 1 hr) fetal calf serum, 1% antibiotic/antimycotic solution 

(GIBCO/BRL; stock: 100 U/ml penicillin G, 100 J.Lg/ml streptomycin sulfate, and 0.25 

J.Lg/ml amphotericin B), 10 mM HEPES, and 2 mM L-glutamine. This medium is 

henceforth referred to as RPMI -1 0 %. 
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For differentiation, sodium butyrate (Sigma-Aldrich Canada LTD, Oakville, 

Ontario, Canada) was added to the KU812 cells in RPMI-10 % (5 x 105 cells/ml) to a 

final concentration of0.3 mM. After two days incubation at 37°C, the cells were plated in 

a concentration of 5x105 cells/ml, and sodium butyrate and recombinant human 

interferon-gamma (IFN-y; Pharmingen) were added to final concentrations of 0.3 mM 

and 50 U/ml, respectively. After 3 days, the differentiated cells were harvested for 

experimental use. 

5.1.2 Stimulation of differentiated KU812 cells 

The protein kinase C inducer, phorbol-12, 13-myristate acetate (PMA), and the 

Ca2
+ ionophore A23187 (both from Sigma), which together mimic the FcERI-dependent 

activation of mast cells (Ishizaka, 1988; Burd et al., 1990), were used as stimulants. Thus, 

PMA and A23187 were added to the KU812 cell cultures (2-3x106 cells/ml) to final 

concentrations of 10 ng/ml and 500 ng/ml, respectively (the PMA and A23187 

concentrations used in this experiment were as suggested in Coligan et al, unit 3.12.3). At 

different times after challenge the cells were pelleted at 400 x g for 1 0 min and the cell 

pellets and supernatants harvested separately. The pellets were used for either total RNA 

isolation or intracellular TNF -a detection, while the supernatants were assessed for 

secreted TNF -a protein (below). 
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5.1.3 TNF-a mRNA analysis by RT-PCR method 

5.1.3.1 Preparation of RNA 

Total cellular RNA was extracted from the KU812 cells us1ng a standard 

guanidine thiocyanate method as previously described (Ausubel et al., 1997). Briefly, 0.5 

ml of denaturing solution (4 M guanidinium thiocyanate, 25 mM sodium citrate [pH 7.0], 

0.5 % sarkosyl, 0.1 M 2-mercaptoethanol) was added to the loosened cell pellet, then 50 

~-tl of 2 M sodium acetate (pH 4.0), 0.5 ml of water-saturated phenol and 0.1 ml of 

chloroform were added sequentially to the lysed cells. The final suspension was vortexed 

for 20 seconds, incubated on ice for 15 min, and then centrifuged at 10,000 x g for 20 

min at 4°C. After centrifugation, the upper (aqueous) phase was transferred to a fresh 

tube, RNA was precipitated by the addition of an equal volume of 1 00 % isopropanol and 

incubation for 30 min at -20°C. The RNA pellet was dissolved in 0.15 ml of denaturing 

solution and reprecipitated with an equal volume of isopropanol. The RNA pellet was 

then washed with ice-cold 70% ethanol, and dissolved in diethyl pyrocarbonate (DEPC)

treated water by incubation for 10 to 15 min at 55-60°C. The RNA concentration was 

determined spectrophotometrically at a wavelength of 260 nm, and its purity confirmed 

by the OD26o/OD2so ratio, as described by Ausubel et al (1997). 

5.1.3.2 RT-PCR 

The RT-PCR reagent kit from GIBCO/BRL was used following the detailed 

protocol provided. 

a) First strand eDNA synthesis using oligo(dT). Nine ~-tl of total cellular RNA (4 1-1g), 1 ~-tl 

of oligo d(T) nucleotide (0.5 ~-tgl~-tl), and 2 ~-tl of DEPC-water were mixed in a 0.5 ml 
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eppendorf tube, incubated at 70°C for 10 min, and then chilled on ice. To each tube we 

then added 2 J.!l of 10 x PCR buffer (200 mM Tris-HCl [pH 8.4], 500 mM KCl), 1 J.!l of 

50 mM MgCh, 1 J.!l of 10 mM deoxynucleoside triphosphates (dNTP) mix (10 mM each 

dATP, dCTP, dGTP and dTTP), 2 J.!l ofO.l M DTT and 1 J.!l ofDEPC-treated-water. The 

reaction mixtures were incubated at 42°C for 5 min, then 1 J.!l (200 units) of Moloney 

Murine Leukemia Virus Reverse Transcriptase (M-MLV RT, GIBCO/BRL) was added to 

each tube, followed by a further 50 min incubation at 42°C. The reverse transcription 

reactions were terminated by heating to 70°C for 15 min, followed by rapid chilling on 

tee. 

b) Amplification of the TNF-a and fJ-actin eDNA. The first strand eDNA from above was 

amplified directly by PCR, using the forward (A) and reverse (B) primers indicated in 

Table 5.1. Human TNF-a gene specific primers (spanning introns A+B+C in the TNF-a 

gene, Oka et al., 1995) were used to amplify a 548 bp TNF-a eDNA from human TNF-a 

mRNA, and mouse P-actin gene specific primers (kindly provided by Dr. Ziming Yu) 

were used to amplify a 450 bp actin eDNA from human actin mRNA. 

For each reaction, 2 J.!l (i.e., 10%) of each first-strand reaction product was put 

into a 0.5 ml eppendorf tube, then followed by the addition of 25 J.!l of 2 x stock buffer 

(2 X PCR buffer [115 dilution of the 10 X PCR buffer], 3 mM MgCh, 0.4 mM dNTP 

mix), 0.5 J.!l of 500 J.!M 3'-primer, 0.5 J.!l of 500 J.!M 5'-primer (see Table 5.1), 21.5 J.!l of 

water, and 0.5 J.!l (2.5 units) of Taq DNA polymerase. After gentle vortexing, each 

mixture was incubated at 94°C for 3 min to denature the RNA/eDNA hybrids, and then 

each sample was subjected to the following cycling conditions, using a PTC-200 Peltier 
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Table 5.1 Sequences of the RT-PCR primers used to amplify TNF-a and P-actin mRNAs 

and the amplified product sizes 

primer product reference 

Human A 5' -CTTCTGCCTGCTGCACTTTGGA-3' 548 bp Oka et al., 1995 

TNF-a B 5'-TCCCAAAGTAGACCTGCCCAGA-3' 

Mouse A 5'-CTACAATGAGCTGCGTGTGG-3' 450bp kindly provided by 

P-actin B 5'-TAGCTCTTCTCCAGGGAGGA-3' Dr. Ziming Yu 

thermal cycler (MJ Research Inc, Watertown, MA, USA): denaturation at 94°C for 30 

seconds, annealing at 55 °C for 3 0 seconds, and extension at 72 oc for 1 min, for 3 0 

cycles, followed by termination at 72°C for 7 min. Four to eight microliters of each 

amplified sample was then analyzed by agarose gel electrophoresis in a 0.8 % agarose 

(GIBCO/BRL) Tris/acetate (TAE, 40 mM Tris acetate, 2 mM Na2EDTA; pH 8.5) 

buffered gel, and the PCR products were visualized by UV illumination. DNA molecular 

size standards were run in parallel. The band densities of the RT-PCR products were 

quantified by computer-aided densitometry (Alphalmager™ 2000 Documentation & 

Analysis System) and the actin eDNA band densities used as internal controls to 

normalize the TNF -a eDNA levels. 
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5.1.4 TNF -a protein analysis 

5.1.4.1 Samples 

TNF-a protein analysis was performed using an ELISA method. As mentioned 

above, after PMA/ A23187 challenge both the culture supernatants and the cells were 

collected for the determination of secreted and intracellular TNF-a respectively. The 

cells were lysed using a freeze/thaw method. Briefly, the cell pellets were washed 3 times 

with 5 ml of cold PBS, resuspended in 1 ml of cold TEN buffer (40 mM Tris-HCl, 1mM 

EDTA, 150 mM NaCl; pH 7.8) at 4°C and transferred to a microfuge tube. The cells were 

again pelleted, resuspended in 150 J.!l of 250 mM Tris-HCl (pH 7.8), and subjected to 4 

cycles of freezing at -80°C and thawing at 3 7°C, with 5 min per condition for each cycle. 

Thereafter, the lysed cell debris was pelleted by centrifugation at 15,000 x g for 10 min at 

4 °C and the supernatants collected and used directly in an ELISA assay for TNF -a. 

5.1.4.2 ELISA assay for TNF-a 

Ninety-six well ELISA plates (Coming Science Products, Acton, MA, U.S.A.) 

were coated with 50 J.!l of a 2 J..Lg/ml solution of purified anti-human TNF-a antibodies 

(Endogen, Hornby, Ontario, Canada) in coating buffer (0.1 M NaHC03, pH 8.2) by 

incubation at 4 oc overnight. The plates were washed 2 times with phosphate-buffered 

saline (PBS; 137 mM NaCl, 2.7 mM KCl, 4.3 mM Na2HP04-1H20, pH----7.3) containing 

0.05 % Tween-20 (PBST) and blocked with 200 J.!l PBS containing 10 % FCS for 2 hours 

at room temperature. Thereafter, the plates were washed 2 times with PBST and 100 J.!l of 

appropriately diluted samples or serially diluted recombinant human TNF -a (Endogen) 

standards were added to triplicate wells, and the plates were then incubated overnight at 
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4°C. The next morning the plates were washed 4 times with PBST and then 100 J..tl of 

biotinylated anti-human TNF-a antibody in PBS with 4 % BSA (1 J..tg/ml; Endogen) was 

added to each well for 1 hr at 3 7°C. Thereafter the plates were washed 6 times with 

PBST, and 100 f.ll of streptavidin-conjugated horse radish peroxidase (Vector 

Laboratories Inc., Burlingame, CA), diluted according to the manufacturer's 

recommendation in PBS/10 % serum, was added to each well, followed by a further 

incubation at 37°C for 30 mins. After 8 further washes with PBST, the plates were 

developed by adding 100 J..tl of peroxidase substrate (ABTS peroxidase substrate, 

Kirkegard and Perry Laboratories, Maryland, U.S. A.) to each well. The plates were read 

at 405 nm using a microplate ELISA reader and the data analyzed using microplate 

manager software (BIO-RAD Microplate Manager, Version 2.2) 

5.1.5 Detection of the TNF -a promoter activity 

All transfections were done using a commercially-available cationic liposome 

reagent (Lipofectamine; GIBCO/BRL ). 

5.1.5.1 Optimization oflipofectamine concentrations 

Optimization of the levels of lipofectamine required for successful transfection 

were carried out according to the manufacturer's suggested protocol. Briefly, 

differentiated KU812 cells were washed once with 20 ml serum-free growth medium 

(OPTI-MEM; GIBCO/BRL), then seeded in six-well tissue culture plates at a density of 

2-3x1 06 cells/per well in 0.8 ml of OPTI-MEM. For each transfection, 100 f.ll (2.5 J..tg) of 

a positive control chloramphenicol acetyltransferase (CAT) reporter gene construct 
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(CMV -CAT; kindly provided by Dr. Vikram Misra) in OPTI-MEM was combined with 

100 f.!l ofOPTI-MEM containing 0, 5, 8, 12, 17, or 22 f.!l oflipofectamine, mixed gently 

and incubated at room temperature for 45 min to allow the DNA-liposome complexes to 

form. The complexed liposomes then were added to the 800 f.!l cell suspensions, mixed 

gently to ensure uniform distribution, and incubated overnight at 3 7°C in a C02 

incubator. After this, 4 ml of the KU812 media (§ 5.1.1) were added to each well, 

followed by a further incubation for 52 hr at 3 7°C in a C02 incubator. The cells were 

then collected by centrifugation and lysed in 250 mM Tris-HCl (pH 7.8) as described 

before(§ 5.1.4.1). 

The production of CAT by the transfected cells was determined using a 

commercially-available CAT -ELISA kit (Boehringer-Mannheim). First, different 

concentrations of CAT standard solutions were prepared in 250 mM Tris-HCl (pH7.8; 

cell extract buffer), then 200 f.!l of CAT standard or cell extract were added to each of 

triplicate wells and incubated in the dark for 1 hr at 3 7°C. After incubation the 

samples/standards were removed, the wells rinsed 5 times with 250 f.!l of PBS, and 200 f.!l 

of digoxigenin-labeled anti-CAT antibody (anti-CAT-DIG) working solution was added 

to each well. After a 60 min incubation in the dark at 3 7°C, the first antibody solution 

was removed and the wells were rinsed with PBS as above, and then 200 f.!l of antibody 

to digoxigenin-peroxidase conjugate (anti-DIG-POD) working solution was added to 

each well. The incubation and rinse steps were carried out as above and, finally, 200 f.!l of 

ABTS peroxidase substrate (POD substrate) was added to each well and the plates were 

incubated at room temperature until the colour of adequate intensity developed in the 

wells. The absorbances of the wells were measured at 405 nm with a ELISA plate reader 
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(Model 3550 Microplate Reader, BIO-RAD) and the data was analyzed using Microplate 

Manager software. 

5.1.5.2 Transfection of5'-deleted hTNF-luc.pGL2 into differentiated KU812 cells 

Promoter constructs were transfected into differentiated KU812 cells (§ 5.1.1) 

using lipofectamine reagent according to the manufacturer's suggested protocol described 

above(§ 5.1.5.1). In our first experiment, all of the transfected cells were challenged with 

PMA (1 0 ng/ml) and A23187 (500 ng/ml) in order to assess the promoter activities of our 

constructs. In subsequent experiments, the cells were either challenged or left 

unchallenged in order to assess the differences between the two treatments. In all 

experiments, an internal control plasmid (CMV -CAT) was co-transfected into the cells 

along with our test promoter constructs so that we could normalize the luciferase data 

with respect to the transfection efficiencies of our procedure. Thus, 1.8 J..lg of each 

luciferase reporter construct and 0.6 J..lg CMV -CAT were cotransfected into 2.24 x 106 

differentiated KU812 cells using 12 J..ll of lipofectamine as the optimal dose. As above(§ 

5.1.5.1), after the overnight DNA/liposome uptake step, 4 ml ofKU812 media was added 

to each well. For cells designated for PMA/A23187 activation, these stimulants were 

added to the cells at 48 hr, and all cells were harvested for reporter gene product assay at 

52 hr of culture (i.e., after 4 hr of stimulation). The transfected cells were lysed according 

to instructions included in the commercial luciferase assay kit as described below. 

Briefly, the cells were collected by centrifugation at--- 400 x g for 10 min, washed twice 

with PBS (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na2HP04, 1.4 mM KH2P04; pH 7.2), 

lysed by the addition of 250 J..ll of lysis buffer, vortexed for 10-15 seconds, and frozen (-
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80°C) and thawed (37°C) once. The celllysates were spun for 15 seconds at- 14000 rpm 

in a microcentrifuge at room temperature and the supernatants (i.e., cell extracts) were 

used in the luciferase (§ 5.1.5.3) and CAT ELISA(§ 5.1.5.1) assays. 

5.1.5.3 Luciferase assay 

The luciferase assay was performed in accordance with the manufacturer's 

suggested protocol (Luciferase assay system; Promega Corporation, Madison, U. S. A.). 

Briefly, 20 !J.l of each cell extract was mixed with 100 !J.l of luciferase assay reagent in 

0.5 ml eppendorf tubes and then immediately placed into a scintillation counter and the 

light output (luminescence) measured over 15 seconds as disintegrations per minute 

(dpm). Each transfection was performed in triplicate. The data are presented as the mean 

percent of maximum ( +/- standard error; SE) where the maxima comprised the greatest 

luciferase activity registered among the constructs tested. Significance of differences 

between samples were determined by Analysis of Variance (ANOVA) using 

Statview™.SE 1988 Software (Abacus Concepts Inc, Berkeley, CA). 

5.2 Results 

5.2.1 Differentiation of KU812 cells 

KU812 cells were differentiated through the incubation with sodium butyrate and 

interferon-y. Photomicrographs of differentiated and undifferentiated cells, as well as of 

purified human cutaneous mast cells (provided by Dr. J. Gordon), are depicted in figure 

5.1. It can be seen that the differentiated KU812 cells morphologically resemble the 

highly granuated, metachromatic human mast cells. 
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Figure 5.1 Giemsa stain of undifferentiated and differentiated KU812 cells. KU812 

cells were differentiated through incubation with sodium butyrate and interferon-y, cells 

were Giemsa stained. (A). Undifferentiated KU812 cells. (B). Differentiated KU812 

cells. (C). Human mast cells (control). "N" stands for nucleus, white arrows point at 

degranulated cells, black arrows point at intact cells. Differentiated KU812 cells (B) 

contain lots of granulates and smaller in size when comparing with undifferentiated cells 

(A), the differentiated cells appear similar to the human mast cells (C). 
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5.2.2 RT-PCR 

This experiment was repeated three times; a representative result is shown in 

figure 5.2 and is described below. 

The total cellular RNA was extracted from differentiated KU812 cells which had 

been challenged for up to 24 hr with PMA/ A23187, and the steady -state levels of TNF -a 

and actin mRNA at each time point were analysed by RT-PCR (Figure 5.2 A). The band 

densities of the RT-PCR products were quantified, the actin eDNA band densities were 

used as internal control (Figure 5.2 B). Low level of TNF-a transcripts was detectable in 

resting cells. After PMA/A23187 challenge high level TNF-a mRNA upregulation was 

observed between 20 min to 6 hr, with the maximal level detected at 4.5 hr. After 6 hr the 

mRNA level started to decline and returned to baseline by 12-24 hr. 

5.2.3 ELISA assay for TNF -alpha 

In addition to assessing the levels of TNF-a mRNA, we also examined TNF-a 

protein production by these cells using an ELISA system. Supernatants from cultures of 

PMA/ A23187 -stimulated KU812 cells were harvested to assess the levels of secreted 

TNF -a, while the cells were harvested and lysed to estimate the intracellular levels of this 

cytokine. This experiment was repeated three times, with a representative result shown in 

figure 5.3. Low levels of TNF -a were detected within the unstimulated cells (but none 

was found in their supernatant fluids), indicating that, as in freshly purified mouse or 

human mast cells (Gordon and Galli, 1991 ), TNF -a is stored in a preformed state in the 

differentiated KU812 cells. The intracellular TNF -a levels remained at relatively low 

level over the next 24 hrs. High levels of TNF -a were secreted into the culture 
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Figure 5.2 Induction of TNF-a. mRNA expression in differentiated KU812 cells 

challenged with PMA/A23187 (representative of three independent experiments). 

A. RT-PCR was used to amplify TNF-a. and actin rnRNA from two experiments in which 

sodium butyrate/interferon y-differentiated KU812 cells were challenged for varying 

periods of time with PMA (10 ng/ml) and calcium ionophore A23187 (500 ng/ml). RT

PCR products were visualized on 0. 8 % agarose gel. 

B. The RT-PCR product band densities were determined for both TNF-a. and actin, with 

the latter being used as an internal control to normalize the TNF-a. eDNA levels. Data is 

presented as the integrated density value (IDV). High level of TNF-a. mRNA 

upregulation was observed between 20 mins to 6 hrs after PMA/ A23187 challenge; the 

maximal level was detected at 4.5 hr and by 12-24 hrs the levels of TNF-a. mRNA had 

returned to background. 
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Figure 5.3 Production of TNF-a protein after activation of differentiated KU812 

cells. Sodium butyrate/interferon-gamma-differentiated KU812 cells were challenged for 

varying period of time with PMA/ A23187, and then the cells and supernatants were 

collected. The intracellular and secreted pools of TNF-a were assayed using a TNF-a 

ELISA. TNF-a was detected within the resting cells (0 h), and within 20 min of 

challenge it was detected in both the cells and supernatants. The cytokine levels in the 

supernatants then increased greatly, reaching maximal levels by 7.5 hour and then 

declined slowly thereafter. These data are representative of three independent 

exoeriments. 
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supernatants within 2 hr of challenge, and the levels of extracellular TNF -a gradually 

increased to maximal at 7.5 hr, and then declined slowly through 24 hr post-challenge. 

In order to confirm that this increased TNF -a secretion was PMA/ A23187-

dependent, the experiment was repeated but with both stimulated and unstimulated cells, 

and supernatants were taken from each population at 0, 4, 8, 24 hours. The levels of TNF

a in the unstimulated cell supernatants at these times were 0 (+/- 0), 1.02 (+/- 0.07), 7.96 

(+/- 2.38), 0 (+/- 0) pg/ml, respectively. The levels of TNF-a in the stimulated cell 

supernatants were 0 (+/- 0), 274.86 (+/- 5.95), 285.59 (+/- 13.09), and 123.43 (+/- 4.45) 

pg/ml, respectively. These results clearly demonstrate that the increased levels of TNF-a 

in supernatants of the stimulated cells was induced by PMA/ A23187. 

5.2.4 Assessment of the regulatory regions of the human TNF -alpha promoter 

To map the activity of the TNF-a promoter in human mast cells, each of the 5'

deleted hTNF-luc.pGL2 constructs were transfected into differentiated KU812 cells, 

which were then activated and the promoter-driven luciferase expression quantified. 

In order to optimize the KU812 cell transfection, in our first experiments we 

titrated the levels of lipofectamine used in the transfection procedure. Lipofectamine 

comprises positively-charged liposomes which can form complexes with negatively

charged DNA and thereby mediates the uptake of DNA. Different amounts of 

lipofectamine (0-22 J..Ll) were used to transfect 2.5 J..Lg of CMV -CAT DNA into aliquots of 

2.24 x 1 06 KU812 cells. In two independent experiments we found that 8-12 J..Ll of 

lipofectamine gave optimal transfection of the cells (Figure 5.4 ). Based on these results, 

we chose to use 12 J..Lllipofectamine in all subsequent transfections. 
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Figure 5.4 Optimization of the dose of Iipofectamine required for transfection of 

differentiated KU812 cells with a CMV-CAT reporter construct. Different doses of 

lipofectamine were used to mediate transfection of 2.5 J.lg of CMV -CAT plasmid DNA 

into sodium butyrate/interferon-gamma-differentiated KU812 cells. After incubation, the 

levels of chloramphenical acetytotransferase (CAT) expression in the mast cells was 

detected using a CAT -specific ELISA kit. Data from two independent experiments are 

shown and indicate that 8-12 J.ll of lipofectamine gave an optimal transfection of the 

differentiated KU812 cells. 
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In following experiments, I transfected differentiated KU812 cells with the CsCl

purified DNA containing the 5'-deleted TNF-a promoter constructs. Plasmids hTNF

luc.pGL2 (containing the full-length human TNF-alpha promoter) and pGL2-basic DNA 

(i.e. no TNF-a promoter) were used as positive and negative controls respectively, and 

the construct CMV -CAT was cotransfected with each of the test promoter constructs as 

an internal control for sample-to-sample variation in transfection efficiencies. Each 

transfection was performed in triplicate. Transfections were done at 37°C overnight in 

OPTI- MEM medium. The transfected cells were incubated at 37°C for 48 hr in 

RPMI-10% medium, then challenged for 4 hr with PMA/A23187, and finally lysed for 

the luciferase and CAT -ELISA assays. 

The luciferase data were normalized according to the levels of CAT expression in 

each group (appendix 1). Two experiments were performed. For experiment #1, all cells 

were stimulated with PMA/ A23187 (but none were left unstimulated), while in the 

second both unstimulated and PMA/ A23187 -stimulated groups were included for each 

construct in order to demonstrate the stimulation activity of the PMA/A23187. Figure 5.5 

depicts the mean ( +/- SE) TNF -a promoter activities of each construct in differentiated 

KU812 cells following challenge for 4 hr with PMA/A23187 (2 experiments). Figure 5.6 

shows the differentiated TNF promoter activity of each construct in unstimulated and 

PMA/ A23187 -stimulated cells (as determined in experiment 2). 

Deletion from -331 to -205 of the promoter increased the promoter activity of 

hTNF-luc.pGL2 construct by 35 % (Figure 5.5), which weakly (considering the high 

SEM with the full length promoter construct) suggests that this region may contain 

negative control element(s). Additional deletions from -205 to -153 decreased the 
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Figure 5.5 Promoter activities of 5'-deleted TNF-a promoter-luciferase gene 

constructs in differentiated KU812 cells challenged with PMA/A23187. Our 5'

deleted human TNF-a promoter-luciferase constructs (-331, -205, 153, -131, -114, -82,-

68) were transfected into differentiated KU812 cells using hTNF-luc.pGL2 DNA (-625, 

carrying full length promoter) as a positive control and pGL2-basic DNA (0, no 

promoter) as a negative control. CMV -CAT plasmid DNA was cotransfected into cells as 

an internal control. Cells were incubated at 3 7°C for 48 hours after transfection, and then 

challenged for 4 hr with PMA/ A23187. Triplicates replicates were performed for each 

group. The data are normalized to the internal control and are presented as mean percent 

of maximum (+/- SE) activity. Deletion from -331 to -205 increased luciferase activity 

by 35 % indicating that this region may contain a negative control element. Deletions 

from -205 to -153 and -131 to -114 each decreased luciferase activity by 30 % 

suggesting that these regions may contain minor positive control elements. Deletion from 

-82 to -68 decreased the residualluciferase activity by 62 %, suggesting that the 14 bases 

between -82 to -68 may contain a major positive regulatory element. 
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Figure 5.6 Detection of the activities of full length and 5'-deleted TNF-a promoter 

constructs in differentiated KU812 cells responding to PMA/A23187 challenge. In 

the experiments shown in Figure 5.5, in addition to the PMA/A23198-challenged group, 

we incorporated a control (no challenge) group. Increases in promoter activity were 

observed after challenge with all the TNF-a promoter constructs. This indicates that full

length and deleted TNF-a promoter fragments were all responsive to PMA/ A23187 

stimulation. The stimulated, unstimulated and PMA/A23187-inducible promoter 

activities are as marked. In addition, each of the deletions are mapped (deletion map) and 

all reported putative transcription factors are also marked. The transcription factors 

written in bold are those known to be involved in TNF-a expression in other cells (i.e. 

macrophage), while the others indicate potential transcription factor binding sites, based 

solely on identity with consensus motifs. The T ATA box is also known to be important in 

TNF-a expression. 
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promoter activity by 30 % but deletion of a further 22 nucleotide ( -153 to -131) had no 

additional impact. This indicates that the 52 bases between -205 to -153 may contain a 

minor positive control element(s). Deletion of the 14 nucleotides between -82 to -68 

decreased the residual promoter activity by 62 %, which strongly indicates that this 

region may contain a major positive regulatory element(s) of the TNF-a promoter. 

The known potential transcription factor-binding elements contained within our 

defined regions (ie -331 to -205, -205 to -153 and -68 to the TSS) are shown in Figure 

5.6. CIEBP, SPJ, API, AP2 and NF-KB are located in -331 to -205 region. NF-IL6 and 

SPJ/Egr-1 are located in -205 to -153 region, AP-1, SP-1, AP-2, TATA box are located 

in -68 to TSS region. These transcription factors may play roles in the increased or 

decreased TNF-a promoter activity as observed in this study. All the constructs were 

PMA/ A23187 inducible (Figure 5.6). 
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6. DISCUSSION 

I started with a construct containing -625 to + 19 bp (relative to TSS) of the 

human TNF -a promoter and used it to generate seven 5 '-deleted human TNF -a promoter 

constructs using exonuclease BAL-31. The deleted promoter constructs ranging in size 

from -331 - +19 bp to -68 - +19 bp (relative to TSS) were used to study the critical 

regulatory element(s) for the human TNF-a promoter in mast cells. 

We studied the kinetics of TNF -a mRNA and protein expression in differentiated 

KU812 cells. We have found that TNF-a mRNA was detectable in resting cells and TNF

a protein is stored in a preformed state in those cells. Both mouse (Gordon and Galli, 

1990; Gordon and Galli, 1991) and human (Walsh et al, 1991) mast cells are known to 

store low levels of pre-formed TNF -a in their secretory granules. Thus, this result with 

differentiated KU812 cells lend support to their authenticity as human mast cell-like 

cells. This result is in contrast to those obtained with lymphocytes and macrophages, 

which do not contain pre-formed stores of TNF -a. For example, previous studies in 

monocytes (Sari ban et al., 1988) showed that TNF -a transcripts are undetectable in 

resting cells, although TNF-a mRNA was detectable by 3 hr and reached maximal levels 

in these cells by 12 hr after PMA challenge. Following stimulation of the KU812 mast 

cells, I observed increases in steady state levels of TNF -a mRNA and protein secretion, 

with the maximal levels of transcription and protein synthesis being reached by 4.5 hr 

and 7.5 hr, respectively (Figure 5.2 & 5.3). As noted above, mast cell mediators have 
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classically been defined as being preformed (histamine, neutral proteases) or de-novo 

synthesized (arachidonic acid metabolites) only, but not both. It appears that some mast 

cell cytokines, including TNF -a, may conflict this definition. 

After stimulation of the differentiated KU812 cells, high level TNF -a mRNA 

expression was observed within 20 min (figure 5.2), but high levels of secreted TNF-a 

protein were only detected after 2 hrs (figure 5.3). A discrepancy exists obviously 

between the TNF-a mRNA and protein expression data. Two factors should be 

considered here. First, a real lag could exist between the time of TNF -a gene 

transcription and TNF -a mRNA translation. Second, at least some of the secreted TNF -a 

could be degraded at the early times as mast cells can release abundant proteases (table 

1.1) upon activation. Since no protease inhibitors were added to the samples in the 

ELISA, and the sample incubation steps were performed at 3 7°C, some or much of the 

secreted TNF -a could have been degraded. At later times after cell activation, the high 

levels ofTNF-a secretion could have overcome this effect (figure 5.3). 

Detailed studies of the regulatory elements within the human TNF -a promoter 

across multiple cell types have revealed a complex picture for the control of TNF -a 

expression. TNF -a is secreted in multiple settings, of course, by numerous cell types, and 

different regulatory elements are required for the various cell types and their "normal" 

stimuli. In addition to this, alternate regulatory element(s) often appear to be required 

when a cell is challenged with alternate stimuli. We have studied the activity of the -625 

to +19 bp region (relative to the TSS) of the human TNF-a promoter, by ligating it 

upstream of the firefly luciferase (Luc) reporter gene and using a transient transfection 

system in differentiated KU812 cells. The full-length promoter construct ( -625 to + 19 bp, 
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relative to the TSS) was readily inducible in these cells using PMA/A23187. In addition, 

seven 5' -truncated promoter fragments, generated by exonuclease BAL-31 digestion, and 

ranging in length from -331 - + 19 to -68 - + 19 bp were also tested in these cells. All the 

constructs were PMA/A23187-inducible (Figure 5.6). Analysis ofthe relative activities of 

these 5 '-truncations demonstrated that the -205 - + 19 bp region of the promoter was most 

responsive to PMA/A23187 (Figure 5.5). Our results also suggest the presence of a 

negative regulatory element ( -331 to -205 bp) and several positive regulatory elements (-

205 to -153 bp, -131 to -114 bp, and -82 to +19 bp) in this promoter region (Figure 5.5). 

The fragment from -82 to + 19 retained 60 % of the full-length promoter ( -625 to 

+ 19 bp) activity, while the fragment from -68 to + 19 bp retained 22 % of the activity 

(Figure 5.5). Deletion of the 14 nucleotides between -82 to -68 further reduced the 

promoter activity by 38 %. Analysis using the nucleotide sequence of this region revealed 

no similarities to any known transcription factor-binding motifs (Takashiba et al., 1993). 

The activation of this region could depend however on associated activities within the 

flanking -68- +19 bp region, which is known to contain putative AP-1, SP-1 and AP-2-

like consensus sequences and the TATA box (Figure 5.6). SP-1 is a well-known 

transcription factor for many genes that normally is constitutively expressed. It often does 

not display autonomous enhancer-like activity, but is sensed as an auxilliary element that 

can co-operate with other transcription factors (Kadonaga et al., 1987; Fischer et al., 

1993; Lee et al., 1993). SP-1 specifically binds GC box DNA with the core sequence 

GGGCGG (-52 to --47) (Kriwacki et al., 1992; Kuwahara et al., 1993). AP-1/c-jun is a 

ubiquitous transcription factor that recognizes the sequence, TGACTCA (-66 to -60) 

(Bohmann et al., 1987; Curran and Franza, 1988). Being a member of the jun proto-
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oncogene family, it forms heterodimers with c-fos to activate transcription in response to 

a variety of growth factors, as well as Ca2+ ionophore and mitogenic agents such as 

phorbol ester. The jun-fos heterodimer formation is mediated through a structural feature 

known as the leucine zipper, a stretch of leucines located in the carboxy terminus of c-

jun, which is a feature of some transcription factors (Angel et al., 1987; Chiu et al., 1987; 

Chiu et al., 1988). c-fos is expressed in U93 7 human macrophage cells, MLA 144 T cells 

and 729-6 B cells when they were stimulated with phorbol esters (Barzilay et al., 1987; 

Grinstein et al., 1988; Drexler et al., 1989). At this point we have not examined whether 

differentiated KU812 cells express c-fos when they are stimulated with phorbol ester. AP-

2, a more cell-specific transcription factor, is also responsive to PMA and binds to the 

consensus sequence TCCCCANGCG ( -36 to -28) (lmagawa et al., 1987; Mitchell et al., 

1987). It has been demonstrated using site-specific mutations that AP-1/c-jun plays an 

important role while AP-2 plays a lesser role, if any in PMA-induced TNF expression in 

macrophage and T cell lines (Rhoades et al., 1992). Similarly, one could examine their 

roles in TNF -a transcription in KU812 cells by site-directed mutagenesis. 

In our studies deletion from base pairs -331 to -205 were associated with a 35 % 

increase in promoter activity in our PMA/ A23187 stimulated mast cells, indicating that 

this region may contain negative regulatory element(s) (Figure 5.5). In previous studies 

two elements (-323 to -285 and -254 to -230), both of which contain the consensus 

binding sequences for AP-2, were identified in this region. Kroeger et al (Kroeger and 

Abraham, 1996) studied the region from -323 to -285, and found that protein complexes 

(possibly authentic AP2) from U937 macrophages and Jurkat T cells both bound to this 

element. However, their results show that this region represses the activity of the 
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promoter in Jurkat cells, but acts as an inducible enhancer of transcription in U93 7 cells. 

Fong et al studied a 25 bp AP-2-like element between base pairs -254 to -230 and 

identified it as a repressor site in U937 macrophages. They found that this AP-2-like site 

is not a binding site for authentic AP-2 protein, and concluded that this repression is very 

likely mediated by a novel protein(s) which interacts with the AP-2 consensus site in the 

TNF-a repressor site (TRS). They also showed that the upstream AP-2 binding site (-314 

to -305) did not cause repression in U937 cells (Fong et al., 1994). The different 

regulation across the AP-2 sites in T cells and macrophages is not all that common for 

such elements in different cell types. For example, Rhoades et al (1992) transfected 

multiple 5'-truncated human TNF-a promoter constructs into U937 macrophages, MLA 

144 T cells and 729-6 B cells, and found that these 5'-truncations elicited very similar 

peaks of PMA-induced activity in the U937 and MLA 144 cells, but significantly 

different activity profiles in the 729-6 B cells. In our study, the putative repressor region 

from -331 to -205 is certainly large enough to bind multiple regulatory elements, and 

indeed Fong et al (1995) demonstrated that there are three major TRS binding proteins 

with estimated molecular weight of 30-60 KD (Fong et al., 1995). In addition to the AP-2 

binding sites, C/EBP, NF-kB, SP-1 and AP-1 sites are also found in the -331 to -205 

region (Figure 5.6). Our results indicate that the overall impact of the negative regulation 

in this region of the promoter is greater than that of positive regulation. To address 

specifically the possible regulatory elements and their functions in mast cell

differentiated KU812 cells, a more detailed deletion mapping should be performed in 

further studies. 
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Additional deletions of our TNF promoter from base pairs -131 to -114 reduced 

the activity of the promoter, while further deletions from -114 to -82 did not affect the 

activity. The Ets site located in the middle of these two regions would have been 

destroyed by the -131 - -114 deletions (Figure 5.6). Fong et al (1994) showed that a 

region from -125 to -102, which encompasses the Ets site, plays a positive regulatory 

role in PMA-induced TNF expression in U937 cells, and Kramer et al (1995) showed that 

in human T cells, cooperation between Ets and the adjacent CRE site (located within the 

-114 - -82 region; Fig. 5.6) is required for PMA induced activity. The Ets multigene 

family of proteins share a common DNA-binding domain that interacts specifically with 

sequences containing the common core trinucleotide sequence GGA. About 30 Ets

related proteins have now been found in many species ranging from flies to humans. 

Most of the Ets-related proteins have been shown to be transcription activators, although 

some may be involved in other functions, such as in DNA replication (Wasylyk et al., 

1993). It is not yet clear which Ets protein binds to the TNF-a promoter. 

In murine T cells transfected with a human TNF -a promoter construct, 

cooperation between the CRE and adjacent kB3 sites is required for calcium-mediated 

promoter activation (Tsai et al., 1996). The binding of ATF-2 andjun proteins to the CRE 

motif in association with NF ATp binding to kB3 in the promoter region in these cells are 

required for calcium-mediated induction. The cooperation between CRE and kB3 is also 

required for LPS induction of THP-1 monocytic cells (Y ao et al., 1997). Those examples 

show that Ets, CRE and kB3 sites are not only closely approximated physically in the 

TNF-a promoter, but also sometimes functionally. In the context of our data and the 

published results, the Ets site in the -131 to -114 region could be relevant. It may 

84 



function by itself or in association with other regulatory sites to play a positive role in 

transcriptional regulation of TNF -a gene in PMA/ A23187 -stimulated KU812 cells. In 

any case, since deletion caused only a 32 % decrease in promoter activity, it should 

perhaps be considered a relatively minor regulatory element. 

Deletions from base pairs -205 to -153 also reduced the TNF promoter activity in 

our studies. This region contains a GC rich sequence (5'-CCGCCCCCGCG-3'), which 

maps to bps -170 to -160 of the TNF-a promoter. It contains overlapping binding sites 

for SP-1 and Egr-1 (immediate-early growth-response transcription factor) (Figure 5.6). 

As mentioned before, SP-1 is a constitutive transcription factor. The Krox/Egr genes are 

induced by diverse agents like LPS, serum, phorbol-esters or growth factors like nerve 

cell growth factor (NGF) and epidermal growth factor (EGF) (Sukhatme, 1990; Chestier 

and Chamay, 1992; DeFranco et al., 1993). The role of Egr-1 in TNF-a gene regulation 

in human leukemic cell lines (human pre-erythroid K562 cells), Jurkat T cells and 

monocytic U937 cells was examined by Kramer et al (1994). They concluded that the 

Egr-1 response element is not a major regulatory element and that it may play an 

auxiliary role in TNF gene regulation. The results presented here are consistent with this 

conclusion and showed that deletions from -205 to -153 reduced the activity of the 

promoter by only 30 %, indicating a minor/auxiliary roles of sequences within this 

regton. 

Finally, our progressive 5' -deletion series started with the -331 - + 19 bp (relative 

to TSS) construct, so that this construct represented a 295 bp deletion. Several potential 

transcription factor binding sites have been identified in this 295 bp region (Figure 5.6). 

They may be involved in transcriptional regulation of the TNF-a gene. Udalova et al ( 
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1998) found that a NF-kB2 site located around -600 bp from TSS in the human TNF-a 

promoter was of potential importance for LPS-inducible TNF expression in the human 

monocyte cell line Mono Mac 6. Thus, a detailed study of this region should be part of 

future work on the TNF promoter in mast cells. 

At this stage of the study, it is hard to tell whether the TNF-a gene regulation in 

our mast cell-differentiated KU812 cells is similar to those in macrophages. However I 

did a rough comparation based on my results and the literature (Figure 5.7). The 3' 1/3 

region (-200 bp to + 19) plays positive role in TNF -a gene regulation in both kinds of 

cells. Then I concentrated on the -331 to -205 region, my results showed that it plays 

negative role in mast cell TNF-a expression. Two subregions (-323 to -285, -254 to -

230) were studied in macrophages before. Kroeger et al (1996) showed -323 to -285 has 

a positive role, Fong et al showed -254 to -230 has a negative role. In their study the 

two subregions were cut out and put into reporter gene expression vector. The negative 

region caused 3.6-7 times repression while the positive region caused 1.5 times 

enhancement on the reporter gene expression. Assuming that their results are comparable, 

it suggests that the negative effect is greater than the positive effect. Thus, in all, if we 

consider the -331 to -205 region has negative effect in macrophage, there is no readily 

discemable difference of TNF -a gene regulation between mast cells and macrophages, 

which is not what I hypothesized originally. To precisely address the question, more 

detailed studies are certainly needed to be done. For example, experiments with more 

defined deletions with the promoter and the use of competitive EMSA to study the 

transcription factors could be conducted. Alternatively, the same set of deleted TNF-a 
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Figure 5. 7 Regulation regions in human TNF -a promoter. Upper panel shows 

positive·(green) and negative (blue) region(s) in differentiated KU812 cells. Lower panel 

shows positive (green) and negative (blue) region(s) in macrophages. 
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promoter constructs can be used to transfect macrophages and T cells, the data can be 

directly compared among these kinds of cells. 

In the transfection experiments, the full length promoter activity shows a high 

SEM (figure 5.5), such that when the full variance is considered, the full length promoter 

activity could be within the range of the -205 to + 19 fragment, so our evidence for this 

putative negative control region ( -331 to -205) is weak. Further deletions from -131 

increasingly and significantly delete the promoter activity, thus, in all, the results in this 

study suggest that the region from -131 to + 19 plays an important role in TNF -a gene 

regulation in differentiated KU812 cells. 

In our transfection experiments, a CMV -CAT plasmid was co-transfected into 

cells as internal control to correct for the differences in transfection efficiencies between 

different groups. Though an equal amount of cells and CMV -CAT were used in each 

group, the CAT-activity expressed among each group are not even (appendix). Many 

factors, such as cell activity, DNA-liposome complex formation, transfection process 

itself etc, may influence the results. Thus, it is very important to use internal control to 

normalize the transfection efficiency. 

We have used an in vitro model (differentiated KU812 cells challenged with 

PMA/ A23187) to mimic the biologic activation in vivo which is mediated by IgE and 

antigen. Certainly the ideal model would be using cultured human mast cells challenged 

by allergen or anti-IgE. The results we have obtained here can be a good beginning for 

doing further studies using the ideal in vitro model. 
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7.SUMMARY 

In order to study the critical regulatory element( s) for the human TNF -a promoter 

in mast cells, a plasmid construct containing the -625 - + 19 bp (relative to TSS) human 

TNF -a promoter region ligated to a luciferase reporter gene was used to generate seven 

progressive-S' deleted promoter constructs using exonuclease BAL31. 

We studied the kinetics of TNF -a gene transcription and protein expression in 

differentiated KU812 cells following stimulation with PMA/ A23187. Cells and 

supernatants were collected at different times after stimulation - cells were lysed for total 

RNA isolation or intracellular TNF -a protein detection, while the supernatants were 

assayed for secreted TNF-a protein. RT-PCR and ELISA methodologies were used to 

detect TNF-a mRNA and protein, respectively. Both TNF-a mRNA and protein were 

found in unstimulated cells, indicating that these mast cells contain pre-formed TNF -a 

protein. This is a unique characteristic of mast cells. High level TNF -a mRNA 

expression was detected within 20 min of cell activation and maintained through to 6 hr, 

and then started to decline. High levels of TNF -a protein were detected in the culture 

supernatant fluids within 2 hr of challenge, indicating that after challenge, the cells 

synthesized and secreted TNF -a. The intracellular TNF -a levels remained relatively low 

for the next 24 hrs, but the levels of secreted TNF -a increased after stimulation, reaching 

maximal levels at 7.5 hr and then declining slowly through 24 hr post-challenge. 
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Each of the 5' -deleted promoter constructs were co-transfected into mast cell

differentiated KU812 cells with an internal control plasmid (CMV-CAT) and the cells 

were stimulated with PMA/ A23187. The -625 bp construct and the "promoter-less" 

pGL2-basic luciferase expression vector were used as positive and negative controls, 

respectively. A negative ( -331 to -205) and several positive control regions ( -82 to + 19, -

131 to -82, -205 to -153) were identified and several potential transcription factor binding 

sites were discussed in each region. They are AP-2 and new proteins with molecular 

weights of30-60 KD binding sites in the -331 to -205 region; SP-1, AP-1, AP-2 binding 

sites in the -82 to + 19 region; Ets, CRE, NF-kB3 binding sites in the -131 to -82 region; 

and Egr-1 binding site in the -205 to -153 region. 
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9. APPENDIX 1 

Internal control data of transfection experiments. In two independent transfection 

experiments, CMV -CAT was contransfected into cells with TNF -a. promoter constructs 

(-625, -331, -205, -153, -131, -114, -82, -68) and negative control (no promoter) as 

indicated on X-axis. CAT levels are not uniform among groups. The levels are lower in 

experiment 2 than those in experiment 1. 
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