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ABSTRACT

Fumonisin BI (FBI) and ochratoxin A (OTA) represent examples of my cot ox ins of greatest

public health and agro-economic significance. They exert adverse effects on humans,

animals and crops that result in illnesses and economic losses. Fumonisin BI are cancer-

promoting metabolites of Fusarium proliferatum and F verticillioides, (formerly

moniliformeï, and are implicated in oesophageal cancer. Ochratoxins are metabolites of

both Aspergillus and Penicillium species. These compounds are known for their

nephrotoxic effects in all animal species and may promote tumours in humans. In man

OTA exhibits unusual toxicokinetics, with a half-life in blood of 840 h (35 days) after oral

ingestion. Although much is known regarding the toxicology of these toxins, little is

known of the effects of these toxins on the immune system.

The aim of this study was to determine and compare the immunornodulating effects of FBI

and OTA in human carcinoma. Initial experiments involved isolating lymphocytes and

neutrophils from healthy volunteers. The isolated cells were exposed to either FBI or OTA

on a dose and time dependent level and LD50 of the toxins was determined. Thereafter,

challenge tests were performed, whereby lymphocytes and neutrophils isolated from

volunteers, oesophageal cancer patients and breast cancer patients were exposed to the

LD50 dose of either FB I or OTA for the appropriate time. The effect of the toxins was

demonstrated by viability studies, light microscopy and electron microscopy. Cytokine

receptors (CK, TNF and CSF) were evaluated by immuno-cytochemical methods and the

levels of circulating cytokines (IL -I, IL-6, IL-8, IL-lO and TNF-a) were determined

using ELISA kits.
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The results of this study showed that fumonisin BI and ochratoxin A cause a decrease in

the number of lymphocytes and neutrophils in a dose dependent manner. Ultrastructural

changes observed were consistent with apoptosis i.e. cytoplasmic and chromatin

condensation, chromatin margination, increased vacuolation and cell shrinkage. They also

brought about a decrease in CSF, TNF, and CK receptors, and in circulating cytokine

levels of IL-I, IL-6, TL-8, IL-lO and TNF-a. These changes were more pronounced in

oesophageal and breast cancer patients. The results of this study clearly indicates that both

FBI and OT A are immuno-suppressive agents, and in patients who already have cancer,

they exacerbate the problem by impairing immune surveillance and thus increase cell

proliferation of malignant cells. Future work with cytokine-linked immunotherapy may

help patients with cancers.
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CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW

Mycotoxins are a group of structurally diverse fungal secondary metabolites that elicit a wide

spectrum of toxicologic effects (Pestka et al., 2004). Of particular interest is the capacity of

some mycotoxins to alter normal immune function when present in foods at levels below

observable overt toxicity (Pestka and Bondy, 1990), and the fact that the immunotoxicity data

for fungal toxins varies considerably for different toxins (Coo ray, 1984).

The most well studied toxins are the aflatoxins (Boonchuvit and Hamilton, 1975; Hoerr and

D'Andrea, 1983; Michael, el al., 1973; Miller, et al., 1978; Pier, et al., 1970; 1972; 1980;

Reddy et al., 1987). These are immunomodulating agents that act primarily on cell-mediated

immunity and phagocytic cell function (Giambrone, et al., 1978; Paul et al., 1977). Studies

ind icate that effects on haematopoietic cells may contribute to aflatoxin (AFB I)-induced

imrnunomodulation in vivo. Interleukin-1 (IL-1) production by peritoneal macrophages from

rats given a single intraperitoneal (ip) injection of 1 mg/kg AFBI increased 1 d after dosing

(Cukrova et al., 1992). In contrast, fumonisin toxicity has been characterized relatively

recently in comparison to aflatoxin and ochratoxin, and fumonisin-induced immunotoxicity is

an area of active research. The fumonisin toxins are produced primarily by Fusarium

verticillioides and F. proliferatum (Bacon and Nelson, 1994). Of particular note is the

apparent species specificity of fumonisin toxicity. Purified fumonisin BI (FB I) causes

leukoencephalomalacia in horses (Marasas et al., 1988) and pulmonary oedema in pigs

(Harrison et al., 1990). In mice the primary target is the liver, whereas in rats the kidneys are

more sensitive (Gelderblom et al., 1991; Voss et al., 1993; 1995). In spite of these species
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differences, the available data on immunotoxicity indicate that fumonisin-induced changes in

immune function are not species specific, and appear to involve aspects of humoral, cellular,

and innate immunity (Creppy et al., 2004).

In vitro studies have focused on the effects of FB I on macrophage function and on

lymphocyte proliferation (Tryphonas et al., 1997). Fumonisin BI extracted from F.

verticillioides-infected corn kernels reduced the viability and phagocytic activity of chicken

peritoneal macrophages (Chatterjee and Mukherjee, 1994). Microscopic examination revealed

increased nuclear disintegration in treated macrophages (Chatterjee et al., 1995). This

confirms earlier studies by Dombrink-Kurtzman et al., 1994. Fumonisin BI inhibits murine

spleen lymphocyte and turkey peripheral lymphocyte proliferation (Dombrink-Kurtzman et

al., 1994; Martinova and Merrill, 1995). The most striking morphological change in turkey

lymphocytes was cytoplasmic vacuolization in treated cells (Dornbrink-Kurtzman et al.,

1994). Similarly, bone-marrow lymphocyte cytoplasmic vacuolization has been observed

consistently in rats and mice treated with FBI in vivo (Bondy et al., 1996; 1997; 1998).

Some of the imrnunornodulatory effects of fumonisins may be the result of changes in the

expression of cell surface markers important in immune cell communication. In mice given a

single injection of 5 or 20 pg FB\, CD3 receptor expression and sphingomyelin levels were

decreased in thymocytes but not in splenocytes (Martinova et al., 1995). Fumonisin-induced

immunomodulation may also be due to changes in cytokine secretion. Selective induction of

tumor necrosis factor (TNF)-CJ..mRNA and secretion of TNF-CJ..protein were observed in

peritoneal macrophages from mice injected subcutaneously with FBI (0.25 to 6.75 mg/kg/d

for 5d). Interleukin-1 CJ..and interferon (INF) y expression and secretion were not affected

(Dugyala et al., 1998).
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In mammalian cells, FBI inhibits N-acyltransferase (ceramide synthase), which is the enzyme

catalyzing the amide linkage of a fatty acid to sphinganine to form the complex sphingolipid

dihydroceramide. This results in accumulation of substrate (free sphinganine) and depletion of

product (dihydroceramide), as well as increased products associated with free sphinganine

metabolism (Riley et al., 1994; Wang et al., 1991). Sphingolipid metabolites are involved in

multiple signal transduction pathways and in the generation of intracellular second

messengers (Spiegel & Merrill, 1996). Fumonisin is structurally similar to the protein kinase

C (PKC) inhibitor sphingosine, and has been shown to inhibit PKC activity in CV -1 (African

green monkey kidney) cells (Huang et al., 1995) and to cause redistribution of PKC from

cytosol to membrane in rat cerebral cortex slices (Yeung et al., 1996). In CV-1 cells

fumonisin also inhibits the transcription of cyclin dependent kinase inhibitors and induces

cell-cycle arrest (Ciacci-Zanella et al., 1998). In vivo, FBI has been shown to inhibit

transcription of cyclin DI and to increase transcription of the cyclin kinase inhibitor p27 in the

livers of treated rats. Since immune responses are critically dependent on intracellular

signalling, the relationship between fumonisin-induced disruption of sphingolipid metabolism

and immunomodulation requires further exploration. Fumonisin BI has been used as a tool to

show that eeramide production is a part of the signal pathway involved in T-cell-receptor-

induced IL-2 production and apoptosis (Tonnetti et al., 1999).

Fumonisin BI is a worldwide corn contaminant and has been epidemiologically linked to the

high incidence of human oesophageal cancer in South Africa and China (Wang et al., 2000).

It is also hepatocarcinogenic in rats (Gelderblom et al., 1991). Inhibition of eeramide synthase

and disruption of membrane phospholipids have been shown to be mechanisms of its toxicity

(Fukuda et al., 1996; Wang et al., 1991). The mechanism by which FB I acts as a carcinogen

was reported by Ramljak and colleagues (2000). They demonstrated an overexpression of
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cyclin Dl protein in both pre-neoplastic and neoplastic specimens obtained from a long-term

feeding study of FBI in rats. In addition elevated Cdk4 activity was also shown. Pellagalli et

al. (1999) demonstrated that FB I alters integrin adhesive activity, affecting all cellular

integrin-dependent functions. Evidence for induction of apoptosis by FBI was first obtained

when C6 glioma cells were incubated with fumonisin BI causing DNA fragmentation profiles

showing laddering in gel electrophoresis and apoptotic bodies revealed with acridine orange

and ethidium bromide. Further confirmation experiments and comet assays have been

performed under similar conditions (Mobio et aI., 2000). Seegers et al. (2000) have shown

that FBI influenced the effects of arachidonic acid, prostaglandins E2 and A2 on cell cycle

progression, apoptosis induction, tyrosine and CDC2-kinase activity in oesophageal cells.

Ochratoxin A (OTA) has been characterized as a carcinogenic toxin, which can also cause

kidney damage when consumed by humans (NilI, 2001; Wafa et al., 1998). When ingested as

a food contaminant, OTA is very persistent in humans with a blood half-life of thirty five days

after a single oral dosage due to unfavourable elimination toxicokinetics. This renders the

toxin among the most frequent mycotoxin contaminant in human blood (Petzinger and

Ziegler, 2000; Schlatter et al., 1996). Ochratoxin A is neither stored nor deposited in the

body, but heterogenous distribution may impose damage to the kidneys (Petzinger and

Ziegler, 2000). Human exposure occurs mainly through consumption of contaminated grain

and pork products. Overall, the contamination of foods with OTA is still a widespread

problem (Ehrlich et al., 2002). The compound causes nephrotoxic effects in animals;

furthermore it is hepatotoxic, immunosuppressive and teratogenic (Peraica et al., 1999).

Reviews of mycotoxin- induced immunotoxicity indicated that OTA acts on more then one

aspect of the immune system, which parallels its multiple effects at the cellular level; it

inhibits humoral, cellular and innate immunity, including cellular depletion of lymphoid
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organs in broiler chicks, depressed delayed hypersensitivity responses in turkeys, depressed

serum immunoglobulin concentrations in broiler chicks (Atroshi et al., 2000; Bondy &

Pestka, 2000) and depressed blood monocyte phagocytic activity in turkey poults (Chang and

Hamilton, 1980).

To the best of my knowledge, no reports on experimental fumonisin and ochratoxins exposure

on humans is available, although evidence exists linking these toxins to alterations in immune

functions in animals (Bondy and Peska, 2000; Creppy et al., 1983). In these models these

toxins are immunomodulatory and mostly immunosuppressive (Berek et al., 200 I; Creppy et

al., 2004). This research is of vital importance as it is becoming evident from other studies

that mycotoxins playa role in diseases of unknown aetiology and hence the human immune

responses to these toxins need investigation. Hence, in this research we seek to investigate

and understand the effect of the mycotoxins, fumonisin BI and ochratoxin A on the cells of

the immune system, i.e., lymphocytes and neutrophils.

HYPOTHESIS

It is hypothesized that mycotoxins (FB I and OTA) impair the immune system, by affecting

the mechanisms involved in cell cycle or by affecting cell communications by altering the

expression ofIL-I, TNF-a, IL-6, IL-8 and IL-lO in lymphocytes and neutrophils.
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AIM

The aim of this study is to investigate in vitro, the effects of Ffs. and OTA on the functioning

of the cells of the immune system, i.e., neutrophils and lymphocytes and secondly, to correlate

the level of immune response to cells present in blood of patients with cancer (oesophageal

and other).

RESEARCH OBJECTIVES

~ To assess the effect of toxins on the viability and morphology of lymphocytes and

neutrophils from healthy volunteers

~ To investigate the effect of fumonisins and ochratoxins on the expression of cytokine

receptors, i.e., chemokine (CK), colony stimulating factor (CSF) and tumour necrosis

factor (TNF), on the immune cells harvested from healthy individuals and from two

patient groups.

~ To determine the effect of the toxins in cancer patients, by evaluating differences in

viability and morphology in healthy volunteers and patients with oesophageal cancer

and other cancers.

~ To compare levels of circulating cytokines (IL-I, TNF-alpha, IL-6, IL-8 and IL-lO) in

healthy individuals and two patient groups.
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» To measure the effects of fumonisins and ochratoxins on the release of IL-I, TNF-

alpha, IL-6, IL-8 and IL-lO from lymphocytes and neutrophils isolated from healthy

individuals and from patients with oesophageal cancer and those with non-

oesophageal cancer.

LIMITATIONS OF THE STUDY

» Immune function is usually determined by the use of lymphocyte proliferation assays

and macrophage inhibitory assays. However, as results of these are evident in animal

models, this study focuses on morphological and cytokine changes in cancer patients.

» All patients recruited in this study having other cancer, i.e., non-oesophageal cancers

were female patients with breast cancers.

» All experiments were not conducted on the same patients due to the fact that the

patients do not return to the same hospital.

7
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1.2.1 General overview
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1.2 THE IMMUNE RESPONSE

We live in a microbial world and our bodies are constantly being exposed to bacteria and their

toxins, fungi and their toxins, parasites and viruses (Viljoen et al., 1993). It is the function of

the immune system to scan the body in order to identify any substance: natural or synthetic,

living or inert- that it considers foreign and potentially harmful to the body. It distinguishes

self from non-self and initiates the apropriate response. The immune response is the body's

mechanism of controlling the spread of infection. Immune responses are mediated by specific

cells with defined functions. The characteristics of the most important cells of the immune

system and their appearances are presented in Figure 1.1 and Table 1.1.

The blood is comprised of four major components: plasma/serum, platelets, leucocytes

and erythrocytes. The leucocytes, specifically, are the cells making up the immune

system. The main types of leucocytes are: lymphocytes, granulocytes (comprised of

neutrophils, basophils and eosinophils) and macrophages.

The lymphocytes and the neutrophils were the two cell types isolated for this study. These

two cells are the main cell types that fight against infection. Neutrophils are phagocytic

cells that engulf microbes present in inflamed tissue before the infection spreads (Harvey

et aI., 1996). The lymphocytes are highly complex cells, comprised of B cells (cells

maturing in the bone marrow) and T cells (cells maturing in the thymus). Lymphocytes

are the cells responsible for producing antibodies against a particular antigen, thus aiding

to protect the body from disease (Capra et al., 1999).

9
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Table 1.1 Cells of the immune response

I Cells Characteristics Markers Functions
Natural Cytolytic cells
Natural killer cells Large granular lymphocytes Fc receptors for antibody; CD 16, Kill antibody-decorated

CD56, CD57 cells and virus-infected or
tumour cell (no MHC
restriction

Phagocytic Cells -
Neutrophil (polymorphonuclear Granulocytes with short life span, Phagocytose and kill
leukocytes) multilobed nucleus and granules, bacteria

segmented band forms (more
immature)

Eosinophils Bilobed nucleus, heavily granulated -
cytoplasm

Macrophages See below
Antigen-Presenting Cells (APCs) Class II MHC Expressing Cells Present Antigen to CD4 T

Monocytes' Found in lymphocytes, blood, lungs, Horseshoe-shaped nucleus, cells
and other organs lysosornes, granules Are precursors to

macrophage-lineage,
cytokine release

Macrophages" Possible residence in tissue, spleen, Large, granular cells; Fc and C3 Initiate inllammatory and
lymph nodes, and other organs; receptors acute phase response;
activated by interferon-y and TN F activated cells are

antibacterial and have
antiviral and anti tumour
activites

Langerhans' cells' Present in the skin Transport antigen to lymph
nodes

Dendritic cells" Lymph nodes, tissue Are efficient antigen
presenters

Microglial cells' CNS and brain - Produce cytokines
Kupffer cells' Presence in liver - Filter particles from blood

(e.g. viruses)
B cells See below -

Antigen-Responsive Cells
T cells (all) Mature in thymus; large nucleus, C02, CD3, T-cell receptor Produce IL-2, other

small cytoplasm cytokines; stimulate T- and
B-cell growth; promote B-
cell dilTerentiation (class-
switching), antibody
production

CD4 Tcells l-IelperlDTI-I cells; activation by C02, CD3, T-cell receptor, CD4 Promote initial delenses
APC's through class II MI-IC (local), DTH,
antigen presentation T killer cells

CDS T killer cells TI-II subtype 11-2, lfn-j, LT production Promote later humoral
responses

TI-I2 subtype IL-4, 11-5, 11.-6, IL-lO production Kill viral tumour, non-self
Recognition of antigen presented by C02, CD3, T-cell receptor, CDS (transplant) cells; secrete
class I MI-IC antigens TI-II

lyrnphokines

CD8 T cells (suppressor cells) Recognition of antigen presented by C02, CD3, T-cell receptor, CDS Suppress T- and B-cell
class I MI-IC antigens response

Antibody-Producing Cells
B cells Mature in Peyer's patches, bone Surface antibody, class II MI-IC Produce antibody and

marrow, bursal equivalent; large antigens present antigen
nucleus, small cytoplasm; activation
by antigens and T-cell factors

Plasma cells Small nucleus, large cytoplasm Are terminally
differentiated,
antibody factories

Other Cells
Basophils/mast cells Granulocytic Fe receptor for lgf Release histamine, provide

allergic response, are
antiearasite

I
I
I
I
I
I
I
I
I
I
I
I
I
I • Monocyte, macrophage lineage.

APCs, antigen presenting cells; CNS, central neverous system, DTI-I, delayed-type hypersensitivity, 19, immunoglobulin; II, interleukin; LT,

lymphotoxin; MI-IC, major histocompatibility complex; TNF, tumour necrosis factor

I

I
I



Innate immunity involves a large number of different cell populations including: epithelial

cells, monocytes, macrophages, dendritic cells, polymorphonuclear leucocytes (PMN), natural

killer (NK) cells, and various lymphocyte subpopulations, which bridge the divide between

innate and acquired immunity. These cells generally arise from precursor cell populations in

the bone marrow. Humoral systems are also important and include many cytokines (Table

1.1), certain enzymes (e.g. lysozyme), metal-binding proteins, integral membrane ion

transporters, complex carbohydrates, and complement pathways.
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Immune cells communicate by direct cell-to-cell interactions (touch), and by the sensing of

soluble molecules that include molecules such as cytokines, chemokines, interferons, steroids

and prostaglandins (Murray et al., 2002). The cells of the immune system function in an

intergrated manner through two pathways: innate (natural) immunity, and acquired

immunity (Blaney and Howard, 2000).

Acquired immunity, or adaptive immunity, comprises a unique cellular process whereby

genetic 'mutation' occurring in two specialised cell populations, B- and T-Iymphocytes

(Figure 1.2), produces numerous molecular 'shapes' that are expressed as antibodies and T-

cell receptors. If these molecules bind to structurally related proteins called antigens, and

provided costimulatory signals are present, proliferation of antigen-specific lymphocytes

occurs and a specific immune response is generated (Adam et al., 2003).

12
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Fig.1.2

I
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Antibody
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Cytotoxicity

Cell damage

Antigen recognition and antibody formation

The specificity of immune response resides in selective clonal proliferation of lymphocytes.I
I

Figure 1.3 is a schematic representation of the events that occur in the immune response at the

cellular level.
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Pathogens Humoral immunity

Plasma cell

Cellular immunity
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Fig.1.3 The B-cell and T-cell response to non-self antigens

Two further families of molecules play major roles in acquired immunity: major

I histocompatibility complex (MHC) gene products, and cytokines (Borish and Steinke, 2003).

I Cytokine formation, release, and target interactions form an important arm of the cellular

response in growth, repair, and cell proliferation, The source, major target cells and

I
I
I
I
I
I
I

function of the major cytokines are Iisted in Table 1.2.
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Table 1.2 Cytokines and chemokines

I

I

I

Factor Source Major target Function
Interferon -a, interferon-B Leucocytes, fibroblasts Virally infected cells, Induction of antiviral state; activation

tumour cells; NK cells ofNK cells, enhancement of cell-
mediated irnmunitv

lnterferon-v CD4 TI-I I cells, NK cells Macrophages, • T Activation of macrophage, promotion
cells of inflammation, promotion ofTI-I I

and inhibition ofTI-I2 responses
IL-I a, II-lp Macrophage, fibroblasts, T cells, B cells, pMN, Many actions: promotion of

epithelial cell, endothelial tissue, central nervous inflammatory and acute phase
cells system responses, fever, activation ofT cells

TNF- a (cachectin) Similar to IL-I - Similar to IL-I, anti tumour and
wasting (cachexia-weight loss)
functions

TNF-p T cells pMN, tumours Lymphotoxin: tumour killing,
activation of pMN

Colony-stimulating factors T cells, stromal cells Stem cells Growth and differentiation of specific
(e.g., GM-CSF) cell types
IL-2 CD4 T cells (Tl-IO, THI) T Cells, B cells, NK T- and B-cell growth

cells
IL-3 CD 4 T cells Stem cells Differentiation

(keratinocytes)
IL-4 CD4 (TI-IO, TH2), r cells Band T cells B-cell growth and differentiation; 19

production; TI-I2 responses
IL-5 CD4 1'1-12cells B cells, eosinophils B-cell growth and differentiation,

IgA and IgE production, eosinophil
production, allergic responses

IL-6 Macrophage, Tand B cells, T cells and B cells, Stimulation of acute-phase and
fibroblasts, epithelial cells, hepatocytes inflammatory responses, fever, 19
endothelial cells secretion, B-cell growth and

development
IL-7 Bone marrow, stroma Presursor cells and Growth of'pre-B cell, thymocyte, T

stem cells cell, and cytotoxic lymphocyte
IL-ID CI)4 TI-I2 cells 13cells, CI)4 TI-I I B-cell growth, inhibition 01"1'1-1I

cells response

IL-12 Macrophage NK cells, CI)4 TI-I I Activation
cells

TGF-p CI)4 TH3 cells 13cells IgA production; immunosuppression
of 13,Tand NK cells and
macrophages; promotion of oral
tolerance, wound healing

Avchemokines: C-X-C Many cells Neutrophil, T cells, Chemotaxis, activation
chemokines - two macrophages
cysteines separated by one
amino aeid (11-8; 11'-10;
GRO-a, GRO-P, GRO- Y
p-chemokines: C-C Many cells T cells, rnacrophages, Chemotaxis, activation
chemokines - two adjacent basophils
cysteines (MCp-l; M 11'-
a;MIP-p; RANTES.

I
I
I
I
I
I
I
I
I

I
I • Applies to one or more cells of the monocyte-macrophage lineage,

GM-CSF, granulocyte macrophage-colony stimulating factor; GRO, growth related oncogene; 19, immunoglobulin; IL-

interleukin; II', interferon- a protein; MCP, monocyte chemoauractant protein; MIl', macrophage inflammatory protein; NK,

natural killer; PMN, polymorphonuclear leucocytes; RANTES, regulated on activation, normal T expressed and secreted;

TNF, tumour necrosis factor

I
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The cytokines provide an essential link for cell-to-cell communication and component of the

acquired as well as the innate immune response (Clark and Ledbetter, 1994). The cell surface

protein CD40 with its receptor provides a costimulatory signal for the interaction between T-

cells and antigen presenting cells (APC) (Chen et al., 2002).

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

The notable cytokines modulating the proliferation of tumour cells are probably

transforming growth factor-B (TGF-P) family, epithelial growth factor, and colony

stimulating factors (Waller and Ernstoff, 2003).

Cell populations playa major role in both innate and acquired immunity; however, the two

key cell populations that essentially define acquired immunity are the B- and T-Iymphocytes

(Gowans et al., 1962). Acquired immunity, therefore, involves a wide range of antigen

receptors expressed on the surface ofT- and B-Iymphocytes that detect non-self molecules.

Molecules that act as recognition 'receptors' in innate immunity comprise humoral

proteins (c-reactive protein, serum amyloid, mannose binding protein, and CDI4) and

cellular receptors (scavenger and mannose receptors, dendritic cell targets, COI4, C035,

C02 I, and COlI b [Table 1.3]).

16
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Table 1.3 Cellular receptors of the immune system

CD number Function

COla/lb/lc Peptide, Iipid antigen

CO2 presentatation

C03 T-cell adhesion to APC

C04 T-cell acti vation

CDS Th activation

C08 T-cell acti vation

COlla/COI8 T-cell subpopulation marker

COllb/C018 Leucocyte adhesion protein

COllc/C018 Leucocyte adhesion protein

COl4 Leucocyte adhesion protein

C016 LPS binding protein

COl9 Phagocytosis and AOCC

C023 B-cell activation/proliferation

C028 B-cell activation/lgE regulation

COS4 Costirnulatory molecule

C062E Adhesion molecule

C07l Vascular adhesion molecule

C080 Receptor for transferring

C086 Costirnulatory molecule

C088 Costimulatory molecule

COIS2 CSa receptor

Costirnulatory molecule

T-cells instruct affected host cells to either shut down protein synthesis or self-destruct. B-

cells respond to antigens by secreting their own antigen receptors as antibodies. Antibodies

also calion the innate immune system for help. Stimulation of antigen through the B-cell

receptor followed by T-cell activation drives proliferation and differentiation of antigen-
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specific naive B-lymphocytes into memory B-cells and plasma cells. Memory B-cells mediate

secondary immune responses and plasma cells sustain antibody production for several months

(Blalock and Smith, 1985).

The different subpopulations of T-cells (Mason, 1987) are recognized largely by their

expression of surface proteins (CD markers). All T-cells express CD3, a hetero-oligomeric

protein that is part of the T-cell receptor complex, and can be further subdivided into those

cells that express C04 and those that express C08. The C04 lymphocyte population can be

further functionally subdivided into two subpopulations termed Th! and Th2 lymphocytes

(Mason, 1988). Th! and Th2 cells are initially discriminated not on the basis of cell surface

markers but on the basis of the patterns of cytokines they produce. In very recent years, it has

proved possible to identify these distinct CD4 subpopulations on the basis of their expression

of chemokine receptors.

Dendritic cells constitute a family of APC defined by their morphology and their capacity

to initiate primary immune response (Rafiq et al., 2002). Langerhans cells are paradigmatic

dendritic cells, described in 1868 by Paul Langerhans, in Berlin. Langerhans cells are

present with epithelial cells in the epidermis, bronchi, and mucosae (Figure 1.4). After

antigenic challenge, the dendritic cells migrate into the T-cell areas of proximal lymph

nodes where they act as professional APC. Langerhans cells originate in the bone marrow

and C034+ haematopoietic progenitors are present in cord blood or circulating blood.

They are actively involved in skin lesions of allergic contact dermatitis or atopic dermatitis

in cancer immunesurveillance (Schmitt, 2001). Recently, several studies have shown that

vaccine therapy using dendritic cells (OCs) genetically engineered to express a surrogate

18
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tumour antigen can effectively induce antitumour immunity (Candido et al., 2001;

Nakamura el al., 2002; Paul, et al., 2002; Tirapu et al., 2002).

Fig. 1.4 Dendritic cell interactions

Human neutrophil transcribes and secretes peptides termed «-defensin-I, -2, and -3 in

response to non-self proteins. Defensins have the ability to signal activation of cells involved

in adaptive immunity, specifically CD8+ T. Alpha-defensin and p-chemokines (MIP-Ia,

MIP-l p, and RANTES) may be cooperatively involved in cell defense. Beta-defensins are

small peptides of the innate immune system. Beta-defensins may act directly on immature

dendritic cells, as an endogenous ligand for Toll-like receptor 4, to up-regulate dendritic cell

maturation, thereby triggering adaptive immature responses. It is suggested that p-defensins

may provide molecular immunosurveillance against tumour antigens.
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1.2.2 Immune response modifiers
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The role of macrophages in tumour growth and development is complex and multifaceted

(Gough et al., 2001). Whilst there is limited evidence that tumour-associated macrophages

can be directly tumouricidal and stimulate the antitumour activity of T-cells, there is now

contrasting evidence that tumour cells are able to block or evade the activity of tumour

associated macrophages at the tumour site (Bingle et al., 2002).

These are molecules, either extrinsic or intrinsic to the host, that affect the immune

response. One group of extrinsic modifiers is referred to as immune potentiators. These

include BCG, Clostridium parvum and endotoxin, which are all microbes or microbial

products that have been shown to modify the immune response and, under certain

conditions, to cause tumours to regress or grow more slowly than usual. The intrinsic

group, known as biological response modifiers, includes IL-I, IL-2, IFN (a, ~ and y), TNF,

B-cell growth factors, and haematopoietic growth factors (such as colony stimulating

factors). These agents exert their influence at different stages of the immune response

(Gupta and Kanodia, 2002; Minter et al., 2000).

20

Haernatopoietic growth factors are often combined with chemotherapy and radiotherapy to

restore bone marrow function. Thalidomide, which suppresses TNF-o. production and has

antiangiogenic properties, is currently under evaluation in several cancers. Currently,

there are more than 20 IL and at least 5 other proteins have just been found which are

likely to be termed IL. The cellular sources and functions of these IL are provided in

Table 1.4. Cytokines, the messengers of the immune system, are either proteins or

glycoproteins, secreted by immune cells. They have autocrine and paracrine functions, so
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that they function locally or at a distance to enhance or suppress immunity. Currently, in

cancer therapy, cytokines are used to enhance immunity (Paul et al., 2002; Tirapu et al.,

2002). They also regulate the adaptive immune system, the T- and B-cell immune

responses. In the immune system, cytokines function in cascades. Thus, clinical trials of

individual cytokines are rarely useful, since cytokines tend not to work individually but

probably cooperatively (Muller and Pawelec, 2003; Verheyen et al., 2000). Some of the

individual cytokines that have been tested and found ineffective for cancer treatment

include IL-l~, although it may be useful still because it helps to mediate the severe

toxicity of IL-2. Interleukin-2 is the most widely studied IL and is used for

immunostimulation in metastatic renal cell carcinoma and malignant melanoma (Lohr et

al., 200 I). Although the use of TNF certainly sounded promising, but because it caused

severe hypotension when used systemically, its value is limited. Interleukin-4 shows

minimal anticancer activity and is toxic. Interleukin-6 has some activity against cancer

cells but turns out to be a growth factor for myeloma cells. Granulocyte macrophage-

colony stimulating factor (GM-CSF) used primarily in stem cell transplant to reconstitute

the myeloid series has been studied for melanoma with controversial results.

Which cytokines are important for cancer?

Cytokines are a family of peptide molecules that are responsible for direct cell-to-cell

communication. They mediate interactions between leucocyte populations and between

leucocytes and tissue cells (Table 1.4). Cytokines of the IL family, derived from APC

(namely, IL-l and IL-6), also provide costimulatory signals that result in T-cell activation. T-

cell derived Iymphokines and the contact between T- and B-cells through specific pairs of

receptors and co-receptors provide signals essential for B-cell stimulation (Clark and
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I
I Ledbetter, 1994; Davies and Gillies, 2003). T-cell proliferation is the result of IL-2

I expression that is dependent on T-cell activation.

I Table 1.4 Cellular expression and actions of cytokines

I

Cytokine Source Actions

IL-J Macrophaphages,fibroblasts, synovial - Stimulates production of IL-6 and TNF-a

lining cells, T- and B-Iymphocytes, - Augments T-cell proli feration and B-cell activation

endothelial cells - Induces hepatic production of acute phase proteins

- Activates neutrophils to synthesize and release PG

- Increases binding of lymphocytes and monocytes to

endothelial cells

- Induces endothelial cell proliferation

TNF Macrophages, monocytes - Stimulates production of IL-I, -6, and -8

- Increases PGE2 and collagenase production

- Increases plasminogen activity

- Increases release of FGF

- Modulates PMN function such as the release of

oxygen metabolites, phagocytosis, adhesion to

endothelium, and ability to degrade cartilage

IL-6 Netrophils, monocytes.fibroblasts, T- - Stimulates release of hepatic acute phase proteins

and B-cells, endothelial cells - Induces activated B-cells to differentiate into plasma

cells

IL-8 Neutrophils, fibroblasts, hepatocytes, - Stimulates and attracts neutrophils

epithelial and endothelial cells

GM-CSF Macrophages, fibroblasts, endothelial - Stimulates secretion of IL-I, TNF-a, and PGE2

cells, and activated lymphocytes - Activates chemotaxis.phagocytosis, antibody

cytotoxicity, and oxidative metabolism in

granulocytes

- Induces I'ILA-DR expression in monocytes

- -Abbreviations: IL, interleukin; 1 'NF, tumour necrosis factor; PG, prostaglandin; I'GI', fibroblast growth factor; GM-eSF, granulocyte-

I

I
I
I
I
I
I
I
I
I
I
I

macrophage colony stimulating factor.

I

I
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The net result of cytokine production is the emergence of antigen specific, tissue

infiltrating, and destructive T-cells (Chen et al., 2003). Cytokines also activate

macrophages and other inflammatory cells and the production of antibodies by stimulated

T-cells. Cytokines can amplify the ongoing immune response by up-regulating the

expression of human leucocyte antigen (HLA) and costimulatory molecules (such as l37)

on parenchymal cells and APC. The costimulators direct T-cell differentiation, for

example, into a CD4+ Th, cell, which secretes Iymphokines, facilitating cytolytic T

lymphocytes killing of cells (Somasundaram et al., 2002), or differentiates into a CD4+

Th2 cell, which stimulates antibody production by B-cells (Dallman, 1995). Cell killing

may occur via specific T-cell products, such as granzyme B (a serine esterase protein) and

perforin (a pore-forming lytic protein), which have been reported to correlate closely with

acute rejection of grafts (Clement et al., 1994). The type of organ grafted, HLA matching

between donor and host and the degree of presensitisation, influence the acute rejection

process. CD4+ T-helper cells are the primary, initiating, and organizing component of

host immunoresponsiveness against grafts. CD8+ cells are recruited secondarily to the site

to complete the acute rejection process (Mason and Morris, 1986; Mason, 1987). It is

considered that these cellular and molecular responses observed during graft rejection will

apply to transformed cells as they become carcinogenic.

In this study the expression of the following cytokines were studied: IL-I, IL-6, IL-8, fL-I0

and TNF-a. Interleukin-l, IL-6, lL-8 and TNF-a are proinflamrnatory and IL-lO is anti-

inflammatory (Figure 1.5). At present, cytokines are divided into six families (Henderson, el

ai, 2000). The subdivisions are based upon a number of criteria including historical

subdivisions and biological actions. These families are depicted in Table 1.5.
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I anti-

inflammatory
IL-1ra, IL-4, IL-
10
IL-12,IL-13,
TGF~

proinflammatoryantiviral

IL-1, TNF, IL-6, IL-8IFNs

I chemokines, CSFs

I
I

B cell growth
factors IL-4, IL-5
IL-6,IL-14

T cell growth
factors IL-2, IL-4
IL-7, IL-9, IL-12 CYTOKINES

I j cytotoxic/growth
inhibitors TNF,
LTOM,Fas
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mesenchymal
growth factors

I PDGF, FGF, TGF~s,
VEGF, EGF, TGF~a

I chemotactic
factors IL-8,
MCP-1, MIF

haematopoietic
factors IL-3, M-CSF,
G-CSF, GM-CSF

I
I Subdivision of cytokines based on their biological actionsFig.1.5

I
I
I
I
I
I
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Table 1.5 Cytokine family and their criteria

1.

Chemokines

No. Cytokines Families

Interleukins

(e.g. IL-I, IL-8)

2. Cytotoxic cytokines

(e.g. TNF-a, TNF-~, CD40)

3. Interferons

(e.g. alpha, beta, lamda INF)

4. Colony stimulating factors (CSF)

5. Growth factors

6.

Historical subdivisions and biological actions

Many interleukins are growth factors for lymphocytes but

this family of proteins also contains a colony stimulating

factor (IL-3) and a chemokine (IL-8). This only shows that

the name given to a particular cytokine defines its major

biological function.

TNF, now recognised as a key protein in infection, was

identified in endotoxin- injected mice as an activity which

could kill certain tumour cell lines. It was reported that

injection of bacterial filtrates into cancer patients could cure

them. Experiments have been repeated over the past decade

with recombinant TNF and have shown some clinical

benefit.

These have a major function In inhibiting the growth and

spread of viruses and toxins. The alpha INF's have the most

potent antiviral actions.

These are a small group of cytokines which are involved in

the growth and differentiation. These cytokines also have

actions on the mature cells.

The term growth factor encompasses a very large number

of proteins. These cytokines can act on fibroblasts as well

as epithelial cells. However, some of the growth factors are

able to inhibit the growth of certain cells.

This is a large group of peptide chemotactic factors.

25
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1.2.2.1 Interleukin-1

The IL-l family consists ofIL-I a, IL-I pand IL-l receptor antagonist (TL-I RA), which are

structurally related to each other and have similar affinity for IL-I receptors on cells

(Dinarello, 1994). Interleukin-Jc and IL-I p are potent agonists that elicit various biological

responses, whereas IL-l RA blocks the effect of the agonists by competing for binding sites

on the cell surface receptors (Arend, 1993). lnterleukin-I a, IL-l pand IL-l RA are encoded

by separate genes; designated as ILIA, ILIB, and ILIRN, respectively. The three genes are

clustered on the long arm of human chromosome 2 in a region (q 13-q21) that spans more

than 430 kilobases (Nicklin et al., 1994). Three related cell surface proteins are involved in

IL-l binding and signalling; type 1 IL-I R, type 2 IL-I R and the IL-l R associated protein

(Sims and Dower, 1994). The IL-I R genes are members of the large immunoglobulin

supergene family, and are located in the same region of human chromosome 2 as their

ligands.

lnterleukin-l is produced during antigen presentation and is secreted by macrophages,

fibroblasts, endothelial cells, as well as Tand B lymphocytes (Lorenzo, 1991). It has a wide

range of biological actions, and acts via modulating gene expression in target cells. Both rL-

Ia and IL-I p possess co-mitogenic properties, recruit cells to the cancer site, and stimulate

the production of pro-inflammatory mediators, including IL-6 and TNF (Woods et al., 1998).

Interleukin-I has been shown to augment T-cell proliferation and B-cell activation in

response to antigenic challenge (Dinareilo et al., 1986). The cytokine activates neutrophils to

synthesize and release prostaglandins (Rossi et al., 1985), enhance binding of lymphocytes

and monocytes to endothelial cells and induce neovascularization, a process that may

encompass tumour initiation of new blood vessels.

(
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1.2.2.2 Tumour necrosis factor

Tumour necrosis factor is produced principally by macrophages and monocytes. The

production of TNF is stimulated by several factors, including lipopolysaccharide (LPS),

Interleukin-l, OM-CSF, and mediates its effects by interaction with two related membrane

receptors: TNF-Rl and TNF-R2 (or type 1and type II). Tumour necrosis factor a is thought

to be the controlling element in the 'cytokines network', and is responsible for the

production of other cytokines for example, IL-I, IL-6 and IL-8 (Brennan et al., 1992). A

deficiency ofTNF-a in mice promoted cancer (Suganuma, 1999).

1.2.2.3 Interleukin-6

Interleukin-6 is the end product of a cytokine signaling cascade, monocytes, T lymphocytes,

and fibroblasts and is secreted by specialized immune cells during inflammation. It has great

influence on many functions, including differentation, stimulation, activation of immune

cells, or other cells of neuroendocrine origin. Thus, IL-6 serves as a key messenger in

communication with the neuroendocrine system, and serves as a potent activator of the

hypothalamic-pituitary-adrenal axis at all levels. Changes in the levels of expressions of this

cytokine and its receptor have been observed during chronic inflammatory disease, and have

been associated with tumorigenesis (Hayashi et al., 2002; Willenberg et al., 2002). The

synthesis of this cytokine is induced by IL-l and TNFa (Wong and Clark, 1988).

Interleukin-6 stimulates activated B cells to differentiate into plasma cells which produce

immunoglobulins (Arend and Dayer, 1990). Circulating levels of IL-6 are elevated in

prostate carcinoma (Adler et al., 1999) and lymphoma (Kurzrock et al., 1993), and reduced

in undifferentiated thyroid carcinoma (Basoio et al., 1998).

27
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1.2.2.4 Interleukin-8

Interleukin-8 is a member of the chernokine supergene family. The chernokines belong to

two related polypeptide families, C-X-C and C-C chernokines, as defined by the location of

the two cysteine residues at the amino terminus. In the C-X-C family, the cysteine residues

are separated by a non-conserved amino acid and in the C family the cysteine residues are in

juxtaposition (Baggiolini et al., 1994). The C-X-C chernokines are clustered on human

chromosome 4. It is a potent neutrophil attractant and stimulator, and is produced by

neutrophils, fibroblasts, hepatocytes, epithelial and endothelial cells (Baggiolini et al., 1989).

Interleukin-l, TNF, and LPS stimulated neutrophils exhibit increased expression of IL-8

mRNA and IL-8 production (Chen et al., 2003; Strieter et al., 1992).

1.2.2.5 Interleukin-2

The lymphokine, lL-2 is essential in stimulating Tand B cell populations to divide and

expand their clones. Interleukin-2 is produced by antigen-stimulated T lymphocytes and

must be present in sufficient quantities in order to mount an effective counterattack against

cancer cells. Increased formation of IL-2 is an important way of expanding of Tc

lymphocyte population. These killer cells can accomplish lysis of tumour cells through cell-

to-cell contact. Two categories of this cell type are believed to exist, namely, (1) antigen-

specific, MHC-restricted (well established) and (2) broad specificity, non-MHC-restricted Tc

lymphocytes. Thus, antigen-specific killer cells would recognise cells with specific tumour

markers, whereas those with broad specificity could lyse a variety of different targets on the

tumour cell.
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Current clinical trial data suggests that combined IL-2 and IFN-a administered

subcutaneously in accordance with specified regimes achieves long-term survival benefits

in subsets of patients with metastatic renal cell carcinoma (Atzpodien et al., 2002).

Combining immune modulators may be a way forward for metastatic carcinomas (Liu et

al., 2002; Wigginton et al., 2002). The immunobiological agents: IL-2 and IFN-a, when

combined with meroxyprogesterone, produce good response rates and low toxicity

(Naglieri et al., 2002). However, it should be remembered that clinical trials restricted to

IL-2 or IFN-a alone have given contradictory results in the treatment of metastatic renal

cell carcinoma (Ravaud et al., 2002).

1.2.2.6 Interleukin-Lê

Interleukin-12 is a very exciting cytokine. It is a heterodimeric protein that promotes NK

and T-cell activity and is a growth factor for B-cells. Interleukin-12 plays a central role in

T-cell-mediated immune responses (Portieljie et al., 2003). Endogenously formed IL-12

confers T-cells with a tumour migratory capacity and at the same time entices tumour cells to

accept tumour-m igrating T-cells (Uekusa et al., 2002). It has demonstrated antitumour

activity in mouse models. Alone, IL-12 shows minimal potential for therapeutic effect (Atkins

et al., 1997). Essentially, the efficacy of IL-12 is dependent on stimulating Th, cells to release

IFN-y (Segal et al., 2002).

29

1.2.2.7 Granulocyte-macrophage colony stimulating factor

Granulocyte-macrophage colony stimulating factor is a growth factor that is synthesized by

macrophages, fibroblasts, endothelial cells and activated lymphocytes (Groopman et al.,
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1989). It was first characterised based on promotion of growth and differentiation of

granulocytes and macrophages. Granulocyte-macrophage colony stimulating factor

stimulates the secretion of IL-l and enhances the secretion of TNF-a and prostaglandin E2

(PGE2) from macrophages (Fischer et al., 1988; Heidenreich et al., 1989). In addition, GM-

CSF activates chemotaxis, phagocytosis, antibody dependent cytotoxicity and oxidative

metabolism in granulocytes (Firestein, 1994), and induces HLA-DR expression on

monocytes (Xu et al., 1989).

Cancer vaccines composed of tumour cells engineered to secrete the cytokine, GM-CSF, are

currently being clinically evaluated. Although immune recognition of tumours is known to

occur, the failure of the host to either suppress or attenuate progression of the disease may

reflect limited immunogenicity arising from the absence of critical determinants like the

tumour augmenting family of cytokines (Dranoff, 2002). To enhance the immunogenicity of

GM-CSF-secreting tumour cell vaccines, a novel approach expressing GM-CSF as a

membrane-bound form (mbGM-CSF) on the tumour cell surface has been investigated. The

intent is to enhance antigen presentation by increasing interactions between the tumour cell

lines in the vaccine and GM-CSF receptor-positive APC, notably the patient's Langerhans

cells (dendritic cells) residing within the intradermal injection site. Tumour cells have been

engineered to express either membrane-bound or secreted GM-CSF (Galea and Cogne, 2002;

Vei et al., 2002). Granulocyte-macrophage colony stimulating factor has been approved also

for use in stem cell and bone marrow transplant to reconstitute the myeloid series.

Granulocyte-macrophage colony stimulating factor is also being evaluated as an adjuvant for

vaccine therapy (Rini et al., 2003).
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1.2.2.8 Interferon-a

Interferon was isolated in 1970 from white cells and called [FN because it interfered with

viral infection. Interferon-c. is actually a family of molecules comprising at least two

types. They are encoded by closely related genes on chromosome 9, encoding proteins

that are variably glycosylated. These comprise of about 150 amino acids and bind to

certain receptors on the surface of immune cells. They are known to have profound and

diverse effects on gene expression. Interferon-« has many roles. It up-regulates MHC

class 1, tumour antigens, and adhesion molecules. It is also an antiangiogenic agent, which

is very active in the immune system, promoting B- and T-cell activity. Interferon-a

stimulates macrophages and even dendritic cells and up-regulates Fe receptors. The mode

of action of fFN-y appears to be through activation of the host immune system, which

depends on the intrinsic imrnunogenicity of the target tumour cell (Gri et al., 2002).

Interferon's activity in cancer has been well documented (Allan et al., 1995; Dorval et

al., 1987; Foon et al., 1986; Kirkwood et al., 1996; 2000; 200 I; Quesada et al., 1986)

and is indicated for the treatment of certain leukaemias (Foon et al., 1986; Zinzani et al.,

1997) and Kaposi's sarcoma in order to inhibit tumour proliferation and angiogenesis.

The efficacy of IFN-a has been well established for the treatment of advanced melanoma

(Huang et al., 1996; Martinez-Escribano et al., 2002) and renal cell carcinoma patients

(Bukowski et al., 2002).
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1.3 ACTION OF MYCOTOXINS ON THE IMMUNE SYSTEM

Mycotoxins act as immunomodulators, mostly as immunosuppressors (Richard, 1991; cited

by Bondy and Pestka, 2000). The importance of this immunosuppressive activity is difficult

to assess because immunosuppression is likely to be overshadowed by an infectious disease

(Corrier, 1991). Experimental evidence suggests that this mycotoxin activity is of potential

significance to both human health (Bauer, 2004; Kovacs, 2004) and economic losses in

livestock production (Bennett and Klich, 2003), particularly where aflatoxins, some

trichothecenes and OTA are involved (Fink-Grimmels, 1999; Sharma, 1984; 1991).

1.3.1 Mechanisms involved in immunotoxicity

Little information exists on how mycotoxins produce immunotoxicity. Some mycotoxins

such as AFBI and fusarium T-2 toxin inhibit protein synthesis and cell proliferation (Ueno et

al., 1995). This inhibition may not be the primary mechanism involved in their immunotoxic

effects: both have selective effects on various subpopulations of lymphocytes. Several

mycotoxins are cytotoxic to lymphocytes in vitro, perhaps because of their effects on

membranes (including those involving lymphocytic receptors) or interference with macro-

molecular synthesis and function. Cytochalasins are highly cytotoxic and act on cytokinesis

(perhaps by binding to filamentous actin), but their immunotoxic potential has not been

ascertained.

Mycotoxins can indirectly influence the immunologic functions (Blalock and Smith, (985).

Some of the compounds are neurotoxic or cause other organ pathology, and these

compounds may activate the endocrine mechanisms (Sharma, 1984; 1985; 1991). The stress-



The influence of exogenous chemicals on immune responses may be highly variable and

may increase, decrease or fail to affect the response, depending on the testing protocol and

dose (Sharma and Zeeman, 1980).
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induced release of corticosteroids by Fusarium T-2 toxin inhibits immune functions (Taylor

et al., 1989).

Mycotoxins or their metabolites in mammals may be highly reactive and may destroy

tissues. The immune system probably responds to altered proteins or other biological

molecules formed by binding with reactive chemicals. However, no experimental evidence

exists of this mechanism involving mycotoxins. Antibodies against mycotoxins conjugated

with proteins have been produced and are utilized in analytical immunoassays.

1.3.2 Immunotoxic effects of selected mycotoxins

Many episodes of mycotoxin poisoning in livestock species resulted in the death of animals

from infectious organisims. Tables 1.5-1.7 show selected examples of mycotoxin effects on

immune functions in various species.

33

The most widely studied irnrnunotoxic agent is AFBl, which was consistently

immunosuppressive in various animal models (Concova et al., 2003; Reddy et al., 1983;

Thaxton et al., 1974). The immune responses mediated by T cells appear to be more sensitive

to AFB l; although both helper T cells and suppressor T cells can be affected, depending on

the challenge dose of the mycotoxin (Hatori et al., 1991). As indicated in Table 1.5

peripheral bovine lymphocytes are susceptible to AFBl (Reddy and Sharma, 1989). In most
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experiments, a suppression of antibody formation occurred, generally against T-dependent

antigens like sheep red blood cells.

Table 1.5 Selected examples of aflatoxin BI immunotoxicity 111 livestock species and

mice after oral treatments

Species Effects reported Reference

Bovine Suppressed mitogen-induced stimulation of peripheral Paul et al., 1977

lymphocytes

Swine Decreased Itmphocyte response to mitogens, inhibited Hoerr and D' Andrea, 1983

macrophage migration, and decreased DTH antibody titer

to SRBC Miller et al., 1978

Resulted in swine clinical disease and pathogenic challenge

Chicken Decreased antibody formation against SRBC Thaxton et al., 1974

Inceased mortality with Salmonella Boonchuvit and Hamilton, 1975

Impaired phagocytic and bactericidal activity of heterophils Chang and Hamilton, 1979

Decreased antibody formation Giambrone et al., 1978

Reduced phagocytic activity in RES cells Michael et al., 1973

Turkey Reduced acquired resistance to Pasteurella Multocie/a Pier and Heddleston, 1970

Resulted in thymic involution Pier et al., 1972

Mice Decreased lymphocytic response mitogens, decreased Reddy et al., 1987

antibody response to SRBC, and impaired DTH

Decreased DNA, RNA, and protein synthesis in cultured Reddy and Sharma, 1989

lymphocytes

"'
.. ~DI H = Delayed type sensitrvrty; RES = reticular endothelial system; SRBC = sheep red blood cells.

Interest has increased in immune suppression by T-2, a mycotoxin that also inhibit protein

synthesis. In toxic doses, T-2 produced necrosis of lymphatic organs in most of the species

evaluated is shown in Table 1.6. In lymphocyte cultures, T-2 inhibited blastogenesis (Taylor

34



hypothalamic-pituary-adrenal axis (Taylor et al., 1989). Oral exposure of mice to this

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

et al., 1987); however, T-2 may also include indirect mechanisms involving the

mycotoxin produced inflammation of the gut mucosa, leading to a systematic endotoxemia

and triggering a stresslike response that increased concentrations of glucocorticoids.

However, indirect effects on immune system explain only part of the immunotoxic effects of

T-2 (Ueno et al., 1995). Some studies have concentrated on the immunotoxicity of other

tricothecenes, including those that are macrocyclic. Selected examples are listed in Table 1.6.

Table 1.6 Influence of various tricothecenes on immune responses in various animal

species

Species Tricothecene Effects Reference

Cattle T-2 Reduced neutrophil function and reduced lymphocyte Mann et al., 1984

blastogenesis

Decreased response of lymphocyte to PJ-lA Buening et al., 1982

Resulted in necrosis in lymphoid organs and tissues Beasley, 1984

Sheep T-2 Resulted in lymphopenia and leucopenia Friend et al., 1983

Swine T-2 Resulted In necrosis In B-cell regions of lymphoid Beasley, 1984

tissues

T-2 Decreased lymphocytic proliferation with ruitogens Pang el al., 1987a

(inhalation) Resulted in transient alteration of immune responses Pang el al., 1987b

T-2 (topical) Decreased leucocyte count and antigen-induced Rafai and Tuboly,

T-2 lym phocyte trans formation 1982

Resulted in massive lymphocyte necrosis Weaveretal.,1978a

DAS Resulted In mild and inconsistent leucopenia and Weaver el al., 1978b

necrosisof germinal centers in mesenteric lymph nodes

and splenic white pulp

Chicken T-2 Increased mortality to pathogenic bacterial challenge Boonchuvit el al.,

1975

Resulted in lymphopenia and lymphatic necrosis Hoerr et al., 1982a,b

Turkey T-2 Resulted in lymphatic necrosis Richard et al., 1978

Mice T-2 Decreased antibody formation Taylor et al., 1985

Interfered with in vitro mitogen-induced blastogenesis Taylor et al., 1987

Macrocycl ic Resulted III inconsistent effects, not well correlated Hughs et al., 1989,

tricothecene with acute toxicity 1990

35

PHA = Phytahaernaglutinin
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Macrocyclic tricothecenes, even those that are very toxic, did not uniformily affect immune

responses (Hughes et al., 1988; 1989).

The irnmunotoxicity of most rnycotoxins has not been evaluated. The studies concerning

miscellaneous compounds are listed in Table 1.7.

Mycotoxin Species Effects Reference

Ochratoxin A Swine Resulted in necrosis of gut-associated lmph nodes Szczech el al., 1973a

Dog Resulted in necrotic lymph nodes in mesentery Szczech el al., 1973b

Chicken Resulted in leucopenia and impaired phagocytosis by Chang el a!., 1979

heterophils

Turkey Resulted In leucocytopenia, heterocytopenia and Chang el al., 1981

thymic atrophy

Patulin Mice Increased resistence to Candida albicans and Escoula el al., 1988a

decreased concentrations of circulating

immunoglobulins

Rabits Deceased serum immunoglobulins and resulted in Escoula el ai., 1988b

reduced blastogenesis of lymphocytes and reduced

chemilumnescence of peritoneal leucocytes

Cutrinin Mice Resulted in transientstimulation of lymphoproliferatve Reddy el ai., 1988

responss, increased antibody against SR13C

Rubratoxin 13 Mice Resulted in leucopenia and decreased Taylor el ai., 1983

lymphoproli feration

36

SRBC = Sheep red blood cells

Ochratoxin A and patulin may have immunosuppressive effects. The Iympholytic effect of

oral doses of OTA was largely limited to the gut-associated lymphatic tissue (Szczech et al.,

1973a; b) and often required doses that were systemically toxic. Patulin inhibited DNA
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synthesis in peripheral lymphocytes: these were mitigated by cysteine, which suggested that

sulphydral binding was involved in patulin-induced toxicity (Coo ray et al., 1982).

The response to citrinin was marked by immunostimulation (Reddy et al., 1988), but its

effects were reversible and appeared to be related to the nephrotoxic potential of this

mycotoxin (Reddy and Sharma, 1984). Rubratoxin B may also suppress the immune system

(Taylor et al., 1983).

1.4 IMMUNE MODULATION BY FUMONISINS AND OeHRA TOXINS

1.4.1 Fumonisins

1.4.1.1 Occurrence

Fumonisins represent a new group of mycotoxins first described and characterised in 1988

(Bezuidenhout et al., 1988; Gelderblom et al., 1988). Furnonisins are produced mainly by

F.verticillioides (known previously as F. moniliforme) and F. proliferatum (Alberts et al.,

1993; Marasas et al., 2001; Rheeder et al., 2002). At the present time, fumonisins BJ, B2, B3,

B4, and A2 are known (Scott, (993). The most abundantly produced member of the family is

FBI. Fumonisin BI can constitute up to 70% of all fumonisins in the food and is the most

frequent cause of fumonisin toxicosis in animals (Riley et al., 1993). Fumonisins contaminate

maize based foods and feeds throughout the world (Bullerman, 1996; Marasas, 1993; 1995;

1996). In the U.S. and Canada some Fusaria have been found in wheat, sorghum and corn

(Kuiper-Goodman et al., 1996; Pohland, 1996). Studies show clearly that F. verticillioides is

widespread in the Midwestern and Southeastern U.S. corn seeds and plants. Studies of

mycotoxin occurrence in Indiana corn found that fumonisins were the most frequently
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detected rnycotoxins In corn from 1991-1993. However, fumonisin contamination varied

greatly from year to year, for example, in 1991, 96% of 328 samples evaluated had some

Fusarium ear rot. Of the 113 most severe samples, 44% had fumonisin levels above 5 ppm

(parts-per-million). In contrast to 1991, all lots tested were below 5 ppm in 1992 (Vincelli and

Parker, 1994). In India, a single outbreak of acute food borne disease caused by FB I had been

reported. In the 27 villages involved, the individuals affected were from the poorest social

strata who had consumed maize and sorghum harvested and left in the fields during

unseasonable rains (Bhat el al., 1997; WHO, 2000). These findings were of concern because

of a report from China in which these metabolites were identified in 100% of 24 corn samples

consumed as food collected from patients with oesophageal cancer. Fumonisin BI is

carcinogenic in rats and mice. Ecological studies have linked consumption of fumonisin-

contaminated maize with oesophageal cancer in human populations in Transkei (South Africa),

South Africa, China, Iran and northeast Italy (Chu and Li, 1994; Marasus et al., 1981; Peraica

el al., 1999; Shephard el al., 2000; Turner el ai., 1999; Yoshizawa el ai., 1994)

Finally, fumonisins can cause neural tube defects in experimental animals and may also have

a role in human cases. It has been hypothesized that a cluster of anencephaly and spina bifida

cases in southern Texas may have been related to fumonisins in corn products (Hendricks,

1999; Hendricks el al., 1999; Missrner el al., 2002). The International Agency for Research

on Cancer has evaluated the risk of fumonisins to humans and classified them as group 28

(probably carcinogenic) (Rheeder et al., 2002).
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1.4.1.2 Characteristics

Fumonisin BI is a mycotoxin produced by the fungus, Fusarium verticillioides, which is

associated with symptoms caused by contaminated corn and corn-based foods (Dutton and

Kinsey, 1995; Dutton, 1996; Leslie et al., 1990; Stockman, 2001). Fumonisin BI and

Fumonisin B2 (FB2) were first reported in South Africa (Gelderblom et al., 1992a,b) and are

associated with oesophageal cancer, which is prevalent in Transkei (South Africa) and in

China (Maras as et al., 1981; Sydenham et al., 1990), and with primary liver cancer (Ueno et

al., 1997). Fumonisin BI is also responsible for lung oedema in pigs and leuco-

encephalomalacia in equine species (Nijs et al., 1999). In addition to their adverse effect on

the brain, liver and lungs (Smith et al., 1996), fumonisins affect kidneys, pancreas, testes,

thymus, gastrointestinal tract and blood cells (Vincelli and Parker, 1994). An episode of

human gastroenteritis in India was associated with the consumption of fumonisin-

contaminated grain (Bhat et al., 1997).

Fusarium is characterized by the production of three types of spores: macroconidia,

microconidia, and chlamydospores. Macroconidia are typically canoe-shaped (tapered at the

ends). Colony colours vary from pinkish to purple for Fusarium verticillioides (Myburg,

1998).

39

Unlike most known mycotoxins, fumonisins are highly polar compounds and are soluble in

polar solvents for example, water, ethanol, and acetonitrile but insoluble in organic solvents.

This makes them difficult to study. They are hydrolysed by strong acids and alkalis (Jackson

et al., 1996). Usually they are extracted in aqueous methanol or aqueous acetronitrile

(Blackwell et al., 1996). High-performance liquid chromatography with fluorescent detection
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is the most widely used analytic method (Plattner et al., 1996). The major toxic effects by FBI

are based solely on its disruptive effects on sphingolipid biosynthesis resulting in cell damage

(Wang et a!., 1991).

1.4.1.3 Toxicological effects

Of particular interest is the apparent species specificity of fumonisin toxicity.

Purified FBI causes leucoencephalomalacia in horses (Marasas, 1993; 1995; Marasas

et al., 1988) and pulmonary oedema in pigs (Harrison et al., 1990). In mice the

primary target is the liver, whereas in rats the kidney is more sensitive (Gelderblom

et al., 1991; 1995; Voss et ai., 1993; 1995; Ribar and Mezaric, 1998). Voss et al.

(1996) reported hepatotoxic changes in lambs, rabbits, and mink, as well as an increased rate

of apoptosis in the liver and kidney. The National Toxicology Program (Howard et al.,

200 I) found FB I to be a renal carcinogen in male F344/N rats and a hepatocarcinogen

in female B6C3F.

Equine leucoencephalomalacia manifests as a neurological disorder of horses and is

accompanied by inflammation and oedema of the CNS (Uhlinger, 1997). Primary signs of

the acute disease include blindness, paresis or paralysis of the facial, oral, or glosopharngeal

muscles, locomotor abnormalities (ataxia), hyperaesthesia, and stupor. Death usually occurs

several hours after the appearance of the neurological signs (Wilson and Marapot, 1971). In

regions, where corn is the primary constituent of the human diet, the occurrence of

oesophageal carcinoma has been reported (Voss et al., 1996).
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When FBI was administered to horses, within eight days the horses exhibited signs of blind

staggers. F. verticillioides is common even in food-grade corn and is often abundant in

ground feeds and silage. Growing pigs fed a ration containing 78 to 82% corn heavily

colonized by F. verticillioides grew as well as the sound pigs fed a ration of sound corn. It is

therefore likely that fumanisin is not always present when the fungus is, or that pigs are not

sensitive to FBI (Jacobsen et al., 1993). In spite of these species differences, the available

data on immunotoxicity indicate that fumonisin-induced changes in immune function

are not species specific, and appear to involve aspects of humoral, cellular, and innate

immunity.

Poultry are relatively resistant to the effects of furnonisins, and show few signs of

toxicity after ingestion of feed contaminated with less than 75 mg FBI/kg feed. Hepatic

changes, including hepatocellular hyperplasia, are the most notable changes in

ducklings or turkey poults ingesting reed contaminated with greater than 75 mg FBI/kg

(Bermudez et al., 1995; Ledoux et al., 1992). Fumonisin-associated immunotoxicity

has been seen in birds ingesting feed contaminated with mycotoxins including

furnonisins (Javed et al., 1995). Turkey poults ingesting feed contaminated with F.

verticillioides culture material containing fumonisins at levels of 100 or 200 mg/kg

feed displayed lesions indicative of irnmunotoxicity, including diffuse thymic cortical

thinning, mild bursal follicular atrophy, and mild splenic lymphocyte depletion

(Weibking et al., 1993). There is limited evidence that ingestion of culture material

contaminated with lower fumanisin levels is imrnunotoxic to poultry (Quereshi et al.,

1995). A dose of 10 mg of FBI given as a pure substance, or 30 mg in natural form per

kilogram of the food, is toxic for young poultry (Weibking et al., 1993). Reduced

white blood cell counts (WBe) were observed in chicks given given a relatively high

41
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dose of FBI. Fumonisin BI toxicosis of broiler chickens intoxicated with 30 or 300 mg

of the toxin isolated from a culture of F. verticillioides (or 10 mg of FBI in pure

substance) per kilogram of food was characterized by a reduction in the prothombin

time, an increase in plasma fibrinogen, and in the activity of antithrombin 3.

Simultaneously, a decrease in serum albumin and increased serum globulins were

observed (Espada et al., 1997).

In pigs, ingestion of fumonisin-contaminated corn at levels of 33 mg/kg for 21 d

resulted in suppressed lymphocyte blastogenesis and titers to pseudorabies virus at

14 d but not at 21 d (Osweiier et al., 1993b). Lymphocyte blastogenesis was also

suppressed in pigs given fumonisin-contaminated culture material at levels resulting in

100 mg FBI/kg feed (Harvey et al., 1996), and after 28 d PHA-induced lymphocyte

blastogenesis was suppressed. Administration of a sublethal dose of the toxin resulted

in the inhibition of pulmonary intravascular macrophages (Smith et al., 1996).

In calves, ingestion of feed experimentally adulterated with fumonisin contaminated

corn screenings containing up to 148 ug/g total fumonisins inhibited neutrophil

migration but not phagocytosis or antibody dependent cytotoxicity (Osweiier et al.,

1993a).

In general, mice were not as sensitive to FBI as rats (Bondy et al., 1996; 1997; 1998).

Mice given I to 75 ppm purified FBI for 14 d showed minimal signs of

immunotoxicity. A few females had mild thymic cortical lymphocytolysis in the 35

and 75 mg/kg dose groups, and there were significant numbers of vacuolated bone-

marrow cells including lymphocytes, but there were no marked changes in the spleen
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or lymph nodes and no changes in numbers of circulating blood cells or serum total

immunoglobulins (Bondy et al., 1997).

In vitro stud ies have focused on the effects of FB I on macrophage function or on

lymphocyte proliferation. Fumonisin BI extracted from F. verticillioides-infected corn

kernels reduced the viability and phagocytic activity of chicken peritoneal macrophages

at levels of 6 to 18 ug/rnl in macrophage cultures (Chatterjee and Mukherjee, 1994).

Microscopic examination revealed increased nuclear disintegration In treated

macrophages (Chatterjee et al., 1995). This confirms earlier studies in which

cytotoxicity, nuclear disintegration and cytoplasmic blebbing, and reduced phagocytosis

were observed in eh icken peritoneal macrophages exposed to FB I at concentrations of

0.5 to 10)-lg in culture (Quereshi and Hagler, 1992). Fumonisin BI inhibits murine spleen

lymphocyte and turkey peripheral lymphocyte proliferation at levels as low as 0.1 ug/rnl

(Dombrink-Kurtzrnan el al., 1994; Martinova and Merrill, 1995). In turkey lymphocytes,

FB2 was a more potent inhibitor of proliferation than FBI in vitro (Dornbrink-Kurtzrnan

et al., 1994). The most striking morphologic change in turkey lymphocytes was

cytoplasmic vacuolization in treated cells (Dombrink-Kurtzrnan et al., 1994). Similarly,

bone-marrow lymphocyte cytoplasmic vacuolization has been observed consistently III

rats and mice treated with FBI in vivo (Bondy et al., 1996; 1997; 1998).

1.4.1.4 Mechanism of action

Some of the imrnunornodulatory effects of fumonisins may be the result of changes in

the expression of cell surface markers important in immune cell communication

(Engelhardt et al., 1989). In mice given a single intraperitoneal (lP) injection of 5 or 20
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induction of TNF -cxmRNA and secretion of TNF -cx protein were observed in peritoneal
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ug FBI, CD3 receptor expression and sphingomyelin levels were decreased in

thymocytes but not in splenocytes (Martinova et al., 1995). Fumonisin-induced

d). Interleukin-Le and INF-y expression and secretion were unaffected (Dugyala et al.,

1998).

Fumonisin BI also causes intracellular membrane degeneration and plasma membrane

changes, which suggests that the cell membrane may be an early target of these toxins (Scott,

1993; Ferrante et al., 2002). The chemical structure of the backbone of the fumonisin

compounds is similar to that of the cellular sphingolipids (Figure 1.6).

$phintanlnc

dis OR CHl NH2

R = COCH2CH(COOH)(.H2COOH

Ful110nlsfn Br
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Fig.1.6 Structures of sphingan ine, sph ingosine and FB I
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In mammalian cells, FBI inhibits N-acyltransferase (ceramide synthase), which is the

enzyme catalyzing the amide linkage of a fatty acid to sphinganine to form the complex

sphingolipid dihydroceramide (Figure 1.7). This results in accumulation of substrate

(free sphinganine) and depletion of product (dihydroceramide), as well as increased

products associated with free sphinganine metabolism (Riley et al., 1994; 1996; Wang

et al., 1991). Accumulation of sphinganine, a compound that is toxic to many cells, may

account for the evidence of varied effects such as toxicity and induction of apoptosis in the

liver, kidney of rats, mice and rabbits (Gelderblom et al., 1996).

Palmitoyl-CoA + Serine --t> 3-Ketosphinganine ----I> Sphinganine

SPHINGANI
REOUCTA

45

N-ACYL

Oihydroceramide

1 N-ACYLTRANSFERE
Ceramide <I---------l:'Mf-. _

(Sphingosine + fatty acid) K Sphingosine
A~

GlycosphingolipidSphingomyelins (turnover)
I
I-----------------------------------------

X :Pathway considered to be blocked by fumonisins

Fig.1.7 Schematic representation of the mechanism of action of FB I

Sphingolipid metabolites are involved in multiple signal transduction pathways and in

the generation of intracellular second messengers (Spiegel and Merrill, 1996). Since
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fumonisin is structurally similar to the PKC inhibitor sphingosine, it has been shown to

inhibit PKC activity in CV -1 cells i.e. African green monkey kidney cells (Huang et al.,

1995), and to cause redistribution of PKC from cytosol to membrane in rat cerebral

cortex slices (Yeung et al., 1996). In CY-l cells fumonisin also inhibits the

transcription of cyclin dependent kinase inhibitors and induces cell-cycle arrest (Ciacci-

Zanella et al., 1998).

Since immune responses are critically dependent on intracellular signaling, the

relationship between fumonisin-induced disruption of sphingolipid metabolism and

immunomodulation requires further exploration. Fumonisin B) has been used as a tool

to show that eeramide production is a part of the signal pathway involved in T-cell-

receptor-induced lL-2 production and apoptosis (Tonnetti et al., 1999). The further use

of FB) to study the role of sphingolipids in immune cell signalling will undoubtedly

provide valuable data on the immunomodulatory effects of this toxin. Cells treated with

FB) in vitro undergo a mixture of necrotic and apoptotic cell death (Tolleson et al.,

1996). In mice, apoptosis was found in liver and kidney after a short-term treatment

with FB) (Sharma et al., 1997) and the overall severity of liver and kidney lesions was

closely correlated with the disruption of sphingolipid metabolism (Tsunoda et al.,

1998).

There is considerable evidence that TNF-a signalling pathways also play an important

role in fumonisin-induced toxicity in vitro and in vivo. For example, Ciacci-Zanella and

Jones (1999) reported that fumonisin cytotoxicity was effectively prevented by

inhibition of caspases, mediators of TNF-a cellular signaling. Murine macrophages

cells treated in vitro produced TNF-a, and TNF-a was also induced in mouse liver
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after short-term repeated treatment with FB I (Sharma et al., 2002). Furthermore, the acute

haematological effects of FBI in mice were reversed by anti-TNF-a. antibodies (Dugyala et

al., 1998).

Fukuda et al. (1996) investigated the effects of FBI on the activity of protein serine/threonine

phosphatases (PPs), (PP I, PP2A, PP2B, PP2C and PP5) in rats. Inhibition of

dephosphorylation was observed for all five PPs with lCso of 80 f.LM-300 f.LM. Among the

PPs examined, PP5 was the most sensitive with an ICso of 80 f.LM.Inhibition of PP5 could

thus playa role in the toxicity and carcinogenic action of FBI.

1.4.2 Ochratoxins

1.4.2.1 Occurrence

Ochratoxins are fungal metabolites of Aspergillus (Abarca el al., 1994; Bayman et al., 2002)

and Penicillium (Chu, 1974; Pitt, 1987) strains. The most frequently found mycotoxin in this

group is OTA, which is produced by Aspergillus ochraceus and Penicillium verrucosum.

Ochratoxin A was discovered as a metabolite of Aspergillus ochraceus in 1965 during a large

screen of fungal metabolites that was designed specifically to identify new mycotoxins (Van

der Merwe et al., 1965). Shortly thereafter, it was isolated from commercial corn sample in the

United States (Shotwell et al., 1969) and recognized as a potent nephrotoxin (Krogh, 1992).

As with other mycotoxins, the substrate on which the moulds grow as well as moisture level,

temperature, and presence of competitive miereflora interact to influence the level of toxin

produced. It is commonly found in cereals, oleaginous seeds, coffee, cocoa, beer, wine and as
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a result of carryover from contaminated animal feed (Ehrlich et al., 2002; Rosa et al., 2004;

Serra Bonvehi, 2004).

South African chemists were the first to characterize OTA. The toxin has been identified in

several plant products in South Africa, North America, Asia and Europe. Agricultural

commodities in which OTA has been found include corn, wheat, rye, barley, oats, sorghum,

ground nuts and coffee beans. Ochratoxin A and other mycotoxins have also been detected

in grain dust (Betina, 1989).

Ochratoxin A is a nephrotoxin to all animal species studied to date, and is most likely toxic to

humans, who have the longest half-life for its elimination of any of the species examined

(Creppy, 1999; Steyn, 1971). In addition to being a nephrotoxin, animal studies indicate that

OTA is a liver toxin, an immune suppressant, a potent teratogen, and a carcinogen (Beardall

and Miller, 1994). Ochratoxin A disturbs cellular physiology in multiple ways, but it seems

that the primary effects are associated with the enzymes involved in phenylalanine

metabolism, mostly by inhibiting the enzyme involved in the synthesis of the phenylalanine-

tRNA complex (Bunge et al., 1979; Marquardt and Frohlich, 1992). In addition, it inhibits

mitochondrial ATP production (Meisner and Meisner, 1981) and stimulates lipid peroxidation

(Rahimtula et al., 1988).

Ochratoxin has been detected in blood, other animal tissues and in milk, including human

milk (Marquardt and Frohlich, 1992). It is frequently found in pork intended for human

consumption (Fink-Gremmels et al., 1995). Ochratoxin is believed to be responsible for a

porcine nephropathy that has been studied intensively in the Scandinavian countries. The

disease is endemic in Denmark, where rates of porcine nephropathy and ochratoxin
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contamination In pig feed are highly correlated (Krogh, 1987). In addition, ochratoxin is

associated with disease and death in poultry (Burns and Dwivedi, 1986; Chang et al., 1979;

Hamilton et al., 1982). There has been speculation that ochratoxins are involved in a human

disease called endemic Balkan nephropathy (Hult et al., 1982; Krogh, 1987). This condition is

a progressive chronic nephritis that occurs in populations who live in areas bordering the

Danube River in parts of Romania, Bulgaria, and the former Yugoslavia (Paiii et al., 1999;

Petkova-Bocharova and Castegnaro, 1991). In one Bulgarian study, ochratoxin contamination

of food and the presence of ochratoxin in human serum were more common in families with

endemic Balkan nephropathy and urinary tract tumours than in unaffected families

(Castegnaro et al., 1987). In addition to ochratoxin poisoning, this curious disease has been

attributed to genetic factors, heavy metals, and possible occult infectious agents. The current

consensus is that endemic Balkan nephropathy is of unknown etiology, but many mycotoxin

reviews list it, without caveat, as an ochratoxicosis.

It has also been hypothesized that the gene for phenylketonuria might occur in relatively high

frequency because of a heterozygous advantage against ochratoxin poisoning and that

ochratoxin might be a risk factor for testicular cancer (Petzinger and Weidenbach, 2002).

1.4.2.2 Characteristics

Ochratoxin is a colourless, crystalline compound. It is a widespread mycotoxin produced

mainly by the mould fungi, Aspergillus ochraceus and Penicillium verrucosum during the

storage of cereals, cereal products and other plant derived products such as herbs and spices

(Betina, 1989; Krogh et al., 1973).
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1.4.2.3 Toxicological effects

The toxicity of OTA in rats, guinea pigs, beagle dogs, swine and to rainbow trout has been

described (Boorman et al., 1984; Oirheimer and Creppy, 1991; Luster et al., 1987). Studies

in rats have shown that the half-life of the toxin is 55 hours and that free metabolites are the

excreted compounds (Betina, 1989).

The ability of OTA exposure to increase susceptibility to infectious agents has been

confirmed by the observation that chicks infected with inclusion body hepatitis (IBH) virus

and concurrently exposed to OTA (0.5 ppm for up to 35 d) had more pronounced

haematological, biochemical, and histopathological changes than chicks exposed to the virus

or to OTA alone (Sandhu el al., 1995; 1998).

When pigs ingested 2.5 mg OTA/kg feed for 35 d, cell-mediated and phagocytic cell

responses were suppressed (Harvey et al., 1992). Cutaneous basophil hypersensitivity to

phytohaemoglutinin A (P1-1A) was decreased after 24 h. Delayed hypersensitivity to

tuberculin was suppressed in OTA-treated gilts at 48 h but not at 24 or 72 h. In peripheral

lymphocyte cultures, PHA-stimulated proliferation and ConA-stimulated IL-2 production

were both suppressed in OTA-treated pigs. Changes in anti-chicken red blood cell (RBC)

antibody titers or antibody isotypes, which would be indicative of humoral effects, were not

observed in OTA-treated pigs (Harvey et al., 1992).

II
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Administration of OTA to mice has been shown to be immunosuppressive (Boorman et al.,

1984), although the literature indicates that there are inconsistencies in responses based on

route of administration, as well as discrepancies between dose and response in different

studies. In mice given OTA intraperitonealy (lP), for up to 17 d (1 to 6 mg OTA/kg body

weight/d), changes included decreased phagocytosis in circulating phagocytic cells,

decreased splenic antibody producing cells, and serum antibody titers to sheep red blood cell

(SRBC) and Pasteurella multocida. Parameters that were unchanged included numbers of

circulating lymphocyte subpopulations, measured by flow cytornetry, and cell-mediated

immunity, measured by changes in foot-pad swelling responses to SRBC or Pasteurella

antigen. Significant changes occurred at either 3 or 6 mg OTA/kg body weight (Muller et al.,

1995). Although the dosing period was shorter, the toxin levels causing statistically

significant changes were within range of those used by Prior and Sisodia (1982), who

observed suppressed antibody responses to Brucella abortus antigen at doses of 5

mg/kg body weight after 50 d of lP OTA administration. In contrast, single lP

injections of 0.005 I-LgOTA/kg body weight (I-Iau beck et al., 1981) or 1 I-LgOTA/kg

body weight (Creppy et al., 1983) inhibited antibody responses to SRBC. These doses

are comparatively lower than the levels of OTA required to elicit imrnunotoxic

responses in mice and in other animal models.

Until recently the literature indicated that oral exposure to OTA was not effective in

generating immunotoxicity in mice. Antibody responses to Brucella abortus antigen were

actually increased in mice exposed to OTA in feed (50 d, 4 ppm; Prior and Sisodia, 1982),

whereas lP administration of OTA to mice suppressed antibody responses to SRBC (single

dose, 1 I-Lg/kgbody weight; Creppy et al., 1983) and Brucella abortus antigen (50 d,Smg/kg

body weight; Prior and Sisodia, 1982). However, recent research indicates that immune
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suppression does occur in mice exposed to OTA orally. Antibody responses to SRBCs were

suppressed in mice receiving 250 or 2600 ug OTA/kg diet for 28 d; after 90 d of dietary

OTA exposure mice had lower proportions but not lower total numbers of thymic CD4+ and

CDB+ cells (250 and 2600 ug OTA/kg diet) and decreased spleen and thymus lymphocyte

proliferative responses to ConA (6, 250, and 2600 ug OTA/kg diet) (Thuvander et al., 1995).

Ochratoxin A administered to pregnant female rodents either lP or by gavage at doses ranging

from 1 to 10 mg/kg body weight causes fetal mortality and a range of developmental

abnormalities in pups, including skeletal malformations and brain, central nervous system,

craniofacial, and ocular ahnormalities (Kuiper-Goodman and Scott, 1989). Prenatal exposure

to lower doses of OTA has been shown to affect the immune system of developing mice and

rats (Thuvander et al., 1996a; 1996b; 1996c).

In rodents, exposure to OTA during lactation results in transient immunostimulation

(Thuvander et al., 1996b; 1996c), demonstrating that OTA IS not wholly

immunosuppressive. The observation of immunosuppression in rodents exposed

prenatally to OTA and transient immunostimulation in rodents exposed during lactation

highlights the complex nature of interactions between OTA and the developing immune

system. This suggests a need for further studies of immune responses in adult animals

exposed perinatally to OTA.

The embryonic potential ofOTA was studied after administering single mounting doses of the

mycotoxin to chicken embryos on days two, three and four. The beginning of the

embryotoxicity dose range was found to be between 0.01 to 0.05 mg. The maximum response

occurred after administration on day three. In addition to significant growth retardation of
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fetuses, cleft beak, reduction deformities of the limbs, and abdominal wall and ventricular

septal defects were encountered on day eight of incubation (Vesela et al., 1983).

In vitro, OTA has been shown to abolish human B- and T-Iymphocyte proliferation and

to inhibit IL-2R expression and IL-2 production in T lymphocytes (Lea et al., 1989).

Furthermore, OTA was shown to inhibit the late stages ofT-ceil activation such as IL-2-

induced proliferation, but not the early stages, for example, increased cytoplasmic Ca2+

levels or activation of protein kinase C (Stormer and Lea, 1995). These events could be

connected to the ability of OTA to inhibit both DNA and protein synthesis under certain

conditions. Ochratoxin A has also been shown to induce DNA degradation associated

with apoptosis in PHA-stimulated human blood lymphocytes (Seegers et al., 1994a),

indicating the potential involvement of programmed cell death in OTA-induced

imrnu notox icity.

Ochratoxin A induced renal carcinomas in rats and mice (Lock and Hard, 2004), and in the

latter species additionally hepatocellular carcinomas. How common is human exposure to

ochratoxin? Studies from Canada, Sweden, West Germany, Tuscany and Yugoslavia detected

ochratoxin in human blood and serurn (Kuiper-Goodman and Scott, 1989; Palli et al., 1999).

Analyses of urine from children in Sierra Leone detected both ochratoxin and aflatoxin

throughout the year (Jonsyn-Ellis, 2000).

Several detailed risk assessments have been conducted for OTA (Kuiper-Goodman and Scott,

1989). Given the known human exposure and the abundance of toxicological data from

animal studies, the European Union Scientific Committee has recommended that OTA levels

be reduced to below 5 ng/kg of body weight per day (Sweeney et al., 2000). In addition,



Based on the results of carcinogenicity studies and on evidence of effects in humans, the

IARC classified OTA as a possible human carcinogen (category 28) (Beardall and Miller,

1994; Ehrlich et al., 2002; Petkova-Bocharova and Castegnaro, 1991) .:
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several European countries have proposed individual regulations, with maximum tolerated

concentrations varying greatly from country to country (Jelinek et al., 1989; Van Egmond,

1991).

1.4.2.4 Mechanism of action

The mechanisms of tumour induction in rodent kidney by OTA have been addressed in many

studies, including investigations of the role of biotransformation and bioactivation and the

formation of OTA-derived nucleic acid derivatives in target and non-target organs for

toxicity. The results diverge, as do those of the studies on mutagenicity. Although no definite

mechanism for the carcinogenicity of OTA to rodent kidney has been described, non-

genotoxic events make a major contribution to the induction and progression of OTA-derived

renal tumours (Bendele et al., 1985).

54

Several studies have addressed the biotransformation of OTA and its role in its toxicity.

Biotransformation has been postulated to be involved in the DNA binding and renal

tumorigenicity of OTA, and a variety of cytochrome P450s (CYPs), peroxidases, and

glutathione S-transferases have been suggested to catalyse the transformation of ochratoxin A

to reactive intermediates (Fink-Gremmels et al., 1995; Grosse et al., 1997; EI Adlouni et al.,

2000). However, none of these studies assessed the capacity of the respective enzymes to

transform OTA to metabolites or suggested the structure(s) of a reactive metabolite
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(Castegnaro et al., 1998; 2003). Most studies assessed potentially relevant end-points in the

toxicity of OTA and their modulation by changes in xenobiotic-rnetabolizing enzyme

activities. Because of these limitations, no conclusions can be drawn about the mechanisms of

OTA induced tumour formation in rat kidney.

The possible biotransformation reactions of OTA have been postulated on the basis of

rigorous analytical chemistry. Formation of an OTA-derived reactive quinone was suggested

(Gillman et al., 1999), but this metabolite was formed only by a chemical system that mimics

the CVP system.

The OTA-derived reactive quinone was not detected by the use of isolated enzymes and

mierosomes with high activity for specific CYPs, and only 4R- and 4S-hydroxy-OTA were

formed at very low yields (Gautier et al., 200 I; Mally et al., 2004; Zepnik et al., 200 I; 2003).

Subcellular fractions rich in prostaglandin synthase activity or purified CVP enzymes also did

not catalyse the formation of reactive OTA metabol ites (Gautier el al., 200 I).

The known mechanisms of formation of OTA metabol ites (insertion of an oxygen into a

carbon-hydrogen bond) do not suggest formation of reactive and toxic intermediates. The lack

of involvement of CYP-mediated oxidation in the toxicity of OTA is supported by the

observation that increasing the rates of biotransformation of the toxin by induction of CVP

decreases its renal toxicity (Omar et al., 1996), and the observation of typical toxic effects of

OTA in cell systems with very low or no CVP activity (Dopp et al., 1999; Hoehier et al.,

1996; Seegers el al., 1994b). The formation of OTA-derived radicals capable of interacting

with macromolecules is also not indicated. In contrast, the electron spin resonance spectra

suggest the formation of hydroxy rad icals (Hoeh Ier el al., 1996; 1997).
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Formation of DNA adducts has also been postulated as an important event in the

tumourigenicity of OTA (Lock and Hard, 2004). The formation of spots interpreted as OTA-

derived DNA adducts was observed in target tissues in rodents by the very sensitive 32p_

postlabelling assay. The nature of the DNA damage and/or mutations caused by OTA is

unknown (Grosse et aI., 1995; 1997). The end-points in many of the studies on the

mechanisms oftumourigenicity ofOTA was the possible formation of DNA adducts (spots by

32P-postlabelling). However, a role of DNA binding ofOTA is not supported by the results of

studies of biotransformation cited above or of experiments to investigate the binding of

radiolabelled OTA to nucleic acids (Gautier et aI., 200 I). Studies of DNA binding with

eH]OTA revealed no binding of 'metabolically activated' OTA to calf thymus DNA in vitro

or to DNA from rat liver or kidney in vivo. The sensitivity of these experiments was similar to

that of the postlabelling studies. Lack of DNA binding of OTA or its metabolites was

observed in vivo after administration of a single dose of el-I]OTA (Rasonyi et al., 1999).

In summary, these data cast doubt on the hypothesis that OTA causes renal tumours by

covalent binding of reactive intermediates to DNA. The hypothesis that DNA damage induced

by OTA is due to oxidative stress represents an alternative explanation for the discrepant data

and is more consistent with the observations. Several experimental observations support this

hypothesis. An unusually large number of DNA adducts (up to 30 individual adducts) was

formed from OTA in low yields in various experimental systems (Castegnaro et aI., 1998; De

Flora et al., 1996).

Patterns of modifications similar to those observed with ochratoxin A by postlabelling were

observed in kidney DNA of rodents exposed to iron(llI) nitrilotriacetate (Randerath et al.,
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1995), a renal carcinogen that acts through oxidative stress, or in DNA exposed to hydrogen

peroxide (Rand erath et al., 1996). Same of these results are consistent with a major role of

oxidative stress in the toxicity of OTA. For example, antioxidants prevent the induction of

DNA damage by OTA in mice (Grosse et al., 1997). Induction of renal toxicity, oxidative

stress due to mitochondrial dysfunction, and persistent cell proliferation represent an

alternative mechanism for the renal carcinogenicity of OTA. The toxin is known to induce

oxidative stress (Aleo et al., 1991) and the formation of hydrogen peroxides (Omar et al.,

1996).

In addition, mechanisms linked to long-term renal toxicity and oxidative stress are known to

play an important role in tumour induction in rat kidney (Hard, 1998). Several non-genotoxic

chemicals that do not undergo bioactivation reactions induce renal tumours in rodents. For

example, DNA damage and cellular toxicity mediated by oxidative stress seem to be involved

in the renal carcinogenicity of iron(ll I) nitrilotriacetate and potassium bromate in rodents.

These compounds are potent renal carcinogens and induce renal tumours in rodents in high

yields after short exposure. Sex differences in tumour incidences are also seen with these

compounds. For example, as seen with OTA, male rats are more susceptible to renal tumour

induction by potassium bromate (Umernura et al., 1998).
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CHAPTER TWO: MATERIALS AND METHODOLOGY

The aim of this study was to determine and compare the immunomodulating effects of FBI

and OTA in human carcinoma. In order to achieve this lymphocytes and neutrophils were first

isolated from volunteers. Thirty healthy individuals participated in this aspect of the project.

The isolated cells were exposed to either FBI or OTA on a dose and time dependent level. The

viability of the cells was demonstrated by the Trypan blue dye exclusion test method and the

methylthiazol tetrazolium (MTT) assay. The toxic effects of the mycotoxins at which 50%

cell death (LD50) occurred, was determined. Thereafter challenge tests were performed,

whereby lymphocytes and neutrophils isolated from volunteers (30), oesophageal cancer

patients (30) and other cancer patients (30), were exposed to the LD50 dose of either FBI or

OTA for the appropriate time. The effect of the toxins was demonstrated by viability studies,

morphological studies, changes in cytokine receptors and cytokine analysis.

2.1 SAMPLING

Patients with cancer were recruited from two South African State Hospitals in KwaZulu-

Natal, and volunteers (healthy individuals) were recruited from the Durban Institute of

Technology (DIT), ML Sultan campus. Any seriously ill patients, or volunteers with common

colds, influenza or any other complications which could affect the immune system were

excluded from the study. Oesophageal cancer patients were recruited from the medical ward

of the King George V Hospital after obtaining permission from the superintendent of the

hospital. Breast cancer patients as well as oesophageal cancer patients were recruited from the

surgical ward of the King Edward VIII Hospital under the consultant care of Professor A. A.

Hafejee. Volunteers were students and employers of the DIT. A total of 90 individuals

participated in this study and the population comprised both males and females. An informed-

consent form (Appendix A) was completed by all participants. All the individuals were black,
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between the ages of25 - 75 years. Cancers had been confirmed by histological examination of

biopsy specimens. Ethical approval for this study was obtained from the Durban Institute of

Technology Ethics Committee.

The sample size was distributed as follows:

Group I - oesophageal cancer patients 30

Group II -

Group III -

non-oesophageal cancer patients

volunteers (healthy individuals)

30

60

2.2 PURIFICATION OF LYMPHOCYTES ANDNEUTROPHILS

2.2.1 Specimen collection

Blood samples were collected early in the morrung. Venous whole blood (12 ml) was

obtained from the three groups of individuals with a 15 ml sterile syringe and transferred

immediately into 3 x 5 ml Vaeu-test tube (Radem Medical, Sandton, SA) containing 0.5 ml of

3.8% sodium citrate and 100 ).lI of cocktail medium [0.12 mM ethylene diamine tetra-acetic

acid (EDTA), 6 mM phenanthraline, 8 ug/ml soybean trypsin inhibitor (SBTI), 0.44 ug/rnl

captopil and 1.08 ug/ml phosphoramidon] in order to preserve basal layers of cytokines. One

tube of blood was immediately centrifuged at 1750 x g for 10 min and the plasma was

collected in eppendorf tubes containing 100 ul of cocktail medium. This was stored at -70°C

for cytokine analyses. The remaining two tubes of blood were used to isolate neutrophils and

lymphocytes.
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2.2.2 Purification

The lymphocytes and neutrophils were isolated from whole blood using differential

centrifugation technique as outlined by Boyum (1968):

o Blood (3 ml) was overlaid onto Histopaque 1119 and Histopaque 1077 (Sigma, St.

Louis) in the ratio 1:1:1 in 15 ml centrifuge tubes. This is represented graphically in

Figure 2.1.

o These samples were then centrifuged at 700 x g for 30 min at RT.

o After centrifugation, the lymphocytes present in the buffy coat - mononuclear layer

and neutrophils present in the buffy coat - granulocyte layer were collected separately

with sterile Pasteur pipettes into two separate centrifuge tubes (Figure 2.1).

o These neutrophils and lymphocytes were then washed by the addition of an equal

volume of oxygenated (95% O2 and 5% CO2 mixture - Afrox) 0.01 M phosphate

buffered saline (PBS) pH 7.4 by centrifugation at 225 x g for 15 min. The supernatant

containing excess histopaque was discarded. This washing process was repeated

twice.

o The cells (Iymphocytes/neutrophils) were then resuspended in 1 ml oxygenated PBS

(pH 7.4) and then aspirated gently with a Pasteur pipette for even distribution of the

cells without harming or destroying them.

o Cell numbers were determined using the method of Freshney (1984) using a

haemocytometer with trypan blue.
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CENTRIFUGE

Plasma

Blood
Mononuclear
CellIPlatelets

Granulocytes

30 minutes

Erythrocytes
Histopaque 1077

Histopaque 1119
(b)(a)

Fig.2.1 Schematic representation showing separation of mononuclear cells and

granulocytes with Histopaque 1077 and 1119 using differential centrifugation

2.3 ENUMERATION OF LYMPHOCYTES ANDNEUTROPIDLS

Principle of test

Trypan blue (Sigma, St. Louis) is one of several stains recommended for use in dye exclusion

procedures for viable cell counting. This test determines the proportion of living cells or

organisms in a sample. The method is based on the principle that living (viable) cells do not

take up certain dyes, whereas dead (non-viable) cells do. Staining also facilitates the

visualisation of cell morphology.

Protocol

• A 0.2% trypan blue solution was made up in distilled water using the trypan blue dye

crystals.
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o Fifty microlitres of each cell suspension (lymphocytes or neutrophils) were mixed

with 50 fl.1of the 0.2% trypan blue solution in eppendorf tubes and incubated for]

min atRT.

o With the Neubauer cover-slip in place, a microcapillary tube was used to transfer a

small amount of the trypan blue-cell suspension mixture to both chambers of the

Neubauer haemocytometer.

(I) Starting with chamber 1 of the haemocytometer, all the cells in the centre square and

the four 1 mm corner squares (see Fig 2.2) were counted. Viable cells appeared

translucent whilst non-viable cells stained blue.

o The above step was repeated for chamber 2.

Analysis of results

The number of cells was determined by the following equation:

Ceillmi niv x dilution factor x ] 06

n number of cells counted

area (number of big squares counted) x depth (0.])

2 (equal volume of cell suspension and trypan blue)

v

Dilution factor

The test was performed in duplicate using a Haemocytometer (Figure 2.20 counting chamber

and counting the unstained cells using a light microscope. The lymphocytes and neutrophils

were adjusted to 1 x 106 cells/ml by the addition of oxygenated PBS solution. This

concentration was used for all subsequent experiments and a 99% cell viability was

maintained.



I
I

1mm
CORNER
SQUARE

I

I
I

I

• EEE1=
~I"
~.

t==

~

I
I

I Fig.2.2 Haemocytometer cham ber

I
2.4 DOSE AND TIME RESPONSE OF FBI AND OTA ON LYMPHOCYTES AND

I NEUTROPHILS

I
In recent years there has been a great increase in the characterization and exploitation of in

I vitro assays for cytotoxicity (Williams et al., 1983). The advantages of cytotoxicity tests are

I their suitability for the screening of numerous materials at a range of concentrations and the

generation of an objective endpoint measurement using a scanning spectrophotometer (ELISA

I
I

reader) or a dye.

In this study, the biological effect of FB I and O'I'A on lymphocytes and neutrophils

I (cytotoxicity) was determined by the Trypan blue dye exclusion test method and the MIT

I
assay (Hanelt et al., 1994). The dose and time at which 50% cell death (LD50) occurred, was

determined.

I
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Preparation of fumonisin BJ

One milligram of FBI (Sigma, St Louis) was suspended in 1 ml of acetonitrile:water in the

ratio 1:1 resulting in a concentration of 1 mg/ml FBI. Hundred microlitre aliquots were placed

in eppendorf tubes and resuspended in 900 fll of 1:1 acenonitrile:water, resulting in a final

toxin concentration of 100 ug/rn! (stock solution). The stock solution was stored at -70°C.

The toxin was further diluted in oxygenated PBS to yield the following concentrations: 50

ug/ml, 30 ug/ml, 25 ug/ml, 20 ug/rnl and 10 ug/rnl,

Preparation of ochratoxin A

Ochratoxin A (Sigma, St. Louis) was prepared by dissolving 1 mg in 60 ul of ethanol, 340 fll

dimethylsulfoxide (DMSO) and 19.6 ml complete culture medium (CCM) (RPMI medium

supplemented with 10% fetal calf serum and 100 ul antibiotic) to give a final toxin

concentration of 50 ug/rnl (Reubel et al., 1987). The toxin was further diluted in oxygenated

PBS to yield 25 ug/rnl and 20 ug/ml.

Protocol

Isolated lymphocytes and neutrophils were re-suspended in oxygenated PBS as described in

section 2.3 and dispensed into eppendorftubes for dose and time response measurements.

Two hundred microlitres each of a 100 ug/ml, 50 ug/rnl, 30 ug/rnl, 25 ug/ml, 20 ug/ml and

10 ug/rnl concentrations of FB I was added to eppendorf tubes containing an equal volume of

106cells/ml cell suspension (neutrophils and lymphocytes). This was incubated at 37°C for

various time intervals (Table 2.1). Controls were made up of lymphocytes and neutrophils in

oxygenated PBS buffer omitting the mycotoxin. Each experiment was carried out in triplicate.
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For OTA, dose and time response studies were conducted with 50 ug/ml, 30 ug/ml and 20

ug/ml concentrations of the toxin at 0 h, 2 h, 4 hand 23 h (overnight) as indicated in Table

2.1.

After each time interval had elapsed the eppendorf tubes were removed from the incubator

and the viability of the cells was determined by the Trypan blue exclusion test method and the

MTT assay.

Table 2.1 Dose and time of exposure of FBI and OTA

Toxin Dose Time (Hours)

Fumonisin BI IOl-l.g/ml 0, 1,2,3,4

2Ol-l.g/ml

25 ):.lg/ml

301-l.g/ml

5Ol-l.g/ml

l Oê ug/rnl

Ochratoxin A 2Ol-l.g/ml 0,2,4,23

25 ug/rnl

3Ol-l.g/ml

501-l.g/ml

2.4.1 Trypan blue assay

After exposure, 50 1-1.1of the 106 cells/ml cell suspension was mixed gently with 50 1-1.1of

trypan blue solution (0.2%) in an eppendorftube, as described in section 2.3, and counted.
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2.4.2 MTT assay

Principle of test

The MIT assay was performed with the use of an MIT in vitro toxicology assay kit obtained

from Sigma (St. Louis, USA). The kit is designed for determining cell number

spectrophotometrically as a function of mitochondrial activity in living cells. This study

makes use of a modification of the MTT assay, a colorimetric cell culture assay first

employed by Mossman (1983). The MTT method is simple, accurate and yields reproducible

results. The key component is (3-[ 4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium

bromide) or MIT (Liu, 1981). Solutions of MIT, dissolved in medium or balanced salt

solutions without phenol red, are yellowish in colour. Mitochondrial dehydrogenases, such as

succinate dehydrogenase, of viable cells cleave the tetrazolium ring, yielding purple formazan

crystals, which are insoluble in aqueous solutions (Alley et al., 1988). The crystals are

dissolved in acidified isopropanol.

The resulting purple solution is spectrophotometrically measured. The quantity of formazan

generated by cells gave an indication of the number and/or metabolic activity of surviving

cells (Swisher et al., 1991). Therefore, an increase or decrease in cell number results in a

concomitant change in the amount of formazan formed, indicating the degree of cytotoxicity

caused by the test material (toxin).

Protocol

One hundred microlitres of the 106 cells/ml cell suspension and 100 !-LIof mycotoxin (FBI or

OTA) of various concentrations as indicated in Table 2.1 were used. Each sample was

assayed in triplicate and the experiment was carried out in duplicate in 96-well microtitre
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plates (Corning Cell Wells™, Corning, USA). These samples were incubated at 37°C. In the

case of controls, the cells were incubated in oxygenated PBS. The plates were removed from

the incubator at the appropriate time intervals (Table 2.1) and 20 ~L1(l0% of the total cell

suspension) of MTT (reconstituted with 3 ml RPMI medium) was added to each well. This

was incubated for a further 2 h at 37°C. After the incubation period, plates were removed and

the resulting formazan crystals were dissolved by adding 100 ul of MTT solubilization

solution (10% Triton X-lOO and 125 ml 0.1 N HCL in anhydrous isopropanol). The samples

were triturated to completely dissolve the MIT formazan crystals. The absorbance was

measured spectrophotometrically at 570 nm with a reference wavelength of 690 nm on a DAS

Microplate Reader (modello: A2; Rome, Italy).

The percentage viability of the neutrophils and lymphocytes was calculated using the

following equation:

% viability absorbance of sample x 100
absorbance of total cells (control)

2.5 EFFECT OF FBI AND OTA ON OESOPHAGEAL AND BREAST CANCER

PATIENT'S NEUTROPHILS AND LYMPHOCYTES

Challenge tests were performed by exposing 106 cells/ml of lymphocytes and neutrophils

(isolated from volunteers and the two patient groups) to the LDso dose and time of FB I and

OTA. Two hundred microlitres of cells (lymphocytes or neutrophils) and 200 ul of toxins

(FB I or OTA) were added to eppendorf tubes and placed in an incubator at 37°C for the

appropriate time i.e. 2 h for FBI and 23 h for OTA. Controls consisted of equal quantities of
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cells and oxygenated PBS (no toxin) and placed in the incubator at 37°C. After 2 hand 23 h,

viability studies, morphological studies, changes in cytokine receptors i.e. CK, G-CSF and

TNF and analysis of cytokines (IL-I, IL-6, IL-8, IL-ID and TNF-a) were undertaken, as

indicated in Figure 2.3 in order to demonstrate the effect of the toxins on the three population

groups:

Ninety individuals participated in the various challenge tests - 30 in each group (Figure 2.3).
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I Oesophageal Cancer

Patients (30)
Breast Cancer
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(30)

I 1 /
I
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I

I Blood collected in 3 x 5 ml tubes
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I I x 5 ml- centrifuged.

Plasma collected-
stored at -70DC.

2 x 5 ml- layered onto
histopaque 1077 & 1119.
Isolated lymphocytes &
neutrophils.

D

D

I
1 1 Exposed to

FB,/OTAI
Measured basal levels
of cytokines- IL-I, IL-
6, fL-8, IL-ID, TNF-a
(EIA Kit)

I Viability studies (trypan
blue dye exclusion test)
Morphological changes
(LM & TEM)
Receptor changes
chemokine, G-CSF, TNF
(lCC-LM & TEM)
Cytokine levels in
supernatant (IL-I, IL-6, IL-
8, IL-ID, TNF-a)

I
I
I Algorithm depicting tests conducted on lymphocytes and neutrophils ofFig.2.3

cancer patients and volunteers to evaluate effect of Fum on isin BI and

I Ochratoxin A

I 2.5.1 Effect of toxins on viability of neutrophils and lymphocytes

I
Lymphocytes and neutrophils were isolated from 30 individuals (lOvolunteers, 10

I oesophageal cancer patients and 10 breast cancer patients). After exposing them to FBI and

OTA as described in section 2.5, the viability of cells was demonstrated via the Trypan blue

I dye exclusion test method (section 2.3).
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2.5.2 Morphological effects ofFB! and OTA

The effect of toxins on morphology of neutrophils and lymphocytes was studied by light

microscopy and transmission electron microscopy. Thirty individuals participated in this

study (lOvolunteers, 10 oesophageal cancer patients and 100ther cancer patients i.e. breast

cancer patients).

2.5.2.1 Light microscopy

Light microscopic changes were observed using the May-Grunwald-Giemsa's Stain.

Neutrophils and lymphocytes (106 cells/ml) that were exposed to the toxins (25 ug/rnl FBI for

2 hand 50 ug/ml OTA for 23 h) were smeared on to glass microscope slides and air-dried.

These were subsequently fixed in methanol for 5 to 10min. They were then transferred to

May-Grunwald's stain (Appendix C), which was freshly diluted with an equal volume of

buffered water (Appendix C). After films were allowed to stain for 5 min, they were

transferred without washing to Giemsa's stain (Appendix C), which was freshly diluted with

nine volumes of buffered water. Following staining for 15 min, the slides were then

transferred to a jar containing buffered water and rapidly washed in three or four changes of

water and finally allowed to stand undisturbed in water for a short time (2 to 5 min) for

differentiation to take place. When differentiation was complete, the slides were allowed to

dry. Films were covered by a rectangular NO.1 cover-glass, using DPX mounting medium

(Appendix C), which is miscible with xylol. Slides were viewed using a light microscope

(Nikon 151961) attached to a Panasonic CCTV digital camera (Japan) coupled to an image

analysis system (ATI).
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2.5.2.2 Transmission electron microscopy

Two individuals were randomly selected from each of the three groups of individuals i.e.

volunteers, oesophageal cancer patients and breast cancer patients in order to demonstrate the

effects of the toxins on the ultrastucture of lymphocytes and neutrophils. The neutrophils and

lymphocytes (106 cells/ml) were exposed to 25 ug/ml FB I for 2 h or 50 ug/rnl OTA for 23 h.

Controls were cells that were not exposed to the toxin. These cells (0.5 ml aliquots) were

placed in eppendorf tubes. They were washed with PBS by centrifugation at 600 x g for 10

min at RT and fixed immediately with I% glutaraldehyde (Appendix D). Eppendorf tubes

were used because the samples were in suspension. The cells were prepared for transmission

electron microscopy (TEM) by the procedure outlined in Table 2.2.

Table 2.2 Method for the processing of samples for TEM

Procedure Volume Time Temperature

(ml) (min) (0C)

1. Fixation: I% glutaraldehyde in HBSS 0.5 30 37

2. Buffer rinse: 0.2M Sodium cacodylate (pH 7.4) x 2 0.5 ID 25

3. Post fixation: 1% 0504 in cacodylate 0.5 60 25

4. Buffer rinse: 0.2M Sodium cacodylate (pH 7.4) x 2 0.5 IS 25

5. Dehydration: 70%, 90%, 100% (x2) in EtOH 0.5 IS 25

6. Clearing: Propylene oxide 0.5 30 25

7. Resin incorporation: Propylene oxide:Araldite 1:1 0.5 60 60

8. Embedding medium: Araldite x 2 0.5 90 60

9. Polymerisation: Araldite 0.5 1440 60

Because the cells were in suspension, each step of the procedure except for the embedding

medium (48 h) required centrifugation of the sample at 250 x g for 2 min. The embedded

samples were removed from the eppendorf tubes and sectioned with glass knives in a
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Reehiert-Jung ultramicrotome. The sections were cut to 60 nm thick and were stretched with

xylene fumes. This was done by holding a piece of filter paper (Whatman No.1) soaked with

xylene immediately over the sections.

The sections were then transferred to a 200 mesh copper viewing grids for TEM. The TEM

sample grids were counterstained by first placing the grids on a droplet (10 ul) of uranyl

acetate (Appendix D) for 3 min. Thereafter the grids were transferred with fine forceps to a

droplet of distilled water. This was followed by jet washing the grids by picking up the grids

(perpendicular to the work surface) and running a gentle stream of distilled water (10ml)

along the curve of the forceps so that the grids were gently but thoroughly washed. The grids

were then blotted on fibre-free paper and transferred to a droplet (10 ul) of lead citrate for 3

min. This was followed by another droplet (10 ul) of distilled water and jet wash with 10 ml

of distilled water. The grids were blotted on fibre-free paper and stored in sealed plastic petri

dishes until required. The sections were viewed using a Joel JEM 100 TEM.

2.5.3 Effect of toxins on cytokine receptors

Changes in the quantification or number of the cytokine receptors in lymphocytes and

neutrophils was demonstrated by immunocytochemistry (ICC) using light microscopy and

TEM. The method used was the avidin-biotin complex (ABC) method adapted from Polak

and van Noorden (1986).

Principle of test

In ICC, labeled antibodies are used as reagents for the detection of specific substances or

antigens in situ. Immunocytochemistry may therefore be defined as the identification and

localization in a biological system of an antigen to which an antibody may be raised and
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marked by a visible label (Snyman, 1993). Most currently used immunocytochemical

methods rely on the detection of labelled secondary antibodies directed against the

immunoglobulin of the species used for producing the primary antibody (Figure 2.4).

Fig.2.4 A schematic presentation of the principle of the immunocytochemical

immunolabelling protocol.

At light microscope level horseradish peroxide is often used to detect the probe and at

electron microscope level gold is used. The choice of fixative for ICC generally requires a

compromise between the preservation of good morphology and the retention of biological

activity. Formaldehyde is generally recommended as a fixative in ICC.

For this study, the peroxidase-anti-peroxidase (PAP) method, adapted from Polak and van

Noorden (1986), was used for light microscopy. Peroxidase was used as an enzymatic probe

to localize the antigens. Endogenous peroxidases were blocked using 3% H202 while normal

rabbit serum was used to block non-specific binding sites. The principle is that the non-

immune serum from the same species as that donating the secondary antibody is applied at the
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I 1986). The serum was drained off before primary antibody was applied. Each primary

I
I beginning of the procedure and sticks to the protein binding sites (Polak and van Noorden

I
antibody binds to an antigen, i.e. a specific cytokine receptor on the lymphocyte and

neutrophils, forming a complex which is coupled to the secondary antibody which is biotin-

I conjugated. The third layer is the ABC (Figure 2.5). The avidin having been reacted with

biotinylated peroxidase in such a proportion that three of the biotin-binding sites are taken up

by the biotinylated peroxidase, leaving one site per molecule free to react with the biotin on

the secondary antibody. A large amount of label is therefore localised over the original

antigenic site.

I
I

The resulting complex is rendered visible using a colour dye viz. diaminobenzidine (DAB).

Diaminobenzidine is identified by the presence of brown particles.

I
I A v id in ! bio tiny la le d nRnflr\

p e ro x id a s e com plex ~

.(?~
B Io ttn ,a b e ll e d ~. jj
,,' a n tib o d y V1lir'J
B

Unwanted ab.
d llu t e d out

I
I

I
I

No (1 ~ sp e c ific bin d in 9
b lo c ked b y non •
im m u nes e ru m

Avidin - b in c in 9 ·siles
blo eke d Yl il h a v id in
and unlabelled u io rin

Fig.2.5 A schematic representation of the ABC method (Polak and van Noorden,

I 1986)

I Protocol

I
I
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In this study the effect of FBI and OTA was demonstrated on three cytokine receptors (CSF,

I TNF and CK) on lymphocytes and neutrophils. For immunolabelling of the cytokine

I
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receptors, three cytokine receptor antibodies were used, i.e. G-CSF receptor antibody, sTNF

receptor antibody and C-X-X-X-C chemokine receptor antibody (obtained from Davies

Diagnostics). The characteristics and the optimum dilution for each of the primary antibodies

are provided in Table 2.3.

Table 2.3 Characteristics of receptor antibodies used in ICC

Receptor Species Known Format Host Quantity Optimum

antibody reactivity applications dilution

C-X-X-X-C Human, IB Purified Rabbit 100llg 1:500

polyclonal Mouse &

Rabbit

G-CSF Human BLK, IB, Purified Rabbit 100llg 1:50

monoclonal Neut

STNF Human IB, ErA, Purified Rabbit 50llg 1:200

polyclonal Neut

IB = imrnunoblotting (Western), BLK = function blocking assays

EJA = enzyme immunoassay (ELISA), Neut = neutralizing

Dilution curves for all three receptor antibodies were prepared by diluting the stock solutions

from the manufacturer in ratios of 1 : 50, 1 : 100, 1 : 200, I : 300 and 1 : 500 with 0.01 M

PBS (pH 7.4) as the diluent to determine their optimum dilutions for immunolabelling of the

receptors (Table 2.3).

Fifty microlitres of 106 cells/ml isolated lymphocytes and neutrophils were separately

incubated at 37°C with 50 III mycotoxin (LDso), i.e. 25 ug/ml FBI (at 0 time and 2 h

incubation) and 50 ug/ml OTA (at 0 time and 23 h incubation).
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2.5.3.1 Light microscopy

After the cells were exposed to the toxins they were pipetted onto poly-L-Iysine (Sigma, St.

Louis) coated slides at the appropriate times. This was done by dipping the slides in a 1:10

dilution of the poly-L-Iysine solution for 5 min at RT, and drying in an oven at 60oe. The

slides were air-dried and fixed with paraformaldehyde (4% in O. Ol M PBS, pH 7.4) for 10

min. Slides were stored at 4°e until immunolabelling. The immunolabelling protocol is

outlined in Table 2.4.

After the slides had undergone the immunolabelling procedure, they were viewed and images

obtained by using a Nikon 151961 light microscope mounted with a Panasonic eeTY digital

camera (Japan) coupled to an image analysis system (ATI) and images obtained.

To assess and validate the immunolabelling procedure, controls were set up by omitting the

primary antibody and replacing it with 0.01 M PBS (pH 7.4) buffer. The absence of labelling

validated the specificity of the method.
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Table 2.4 Protocol for immunolabelling of slides for light microscopy

I

I
Procedure Time

1. Rehydrated fixed, stored slides

Washed in O. DIM PBS (pH 7.4) 5 min

2. Quenching endogenous peroxidase

3% hydrogen peroxide in methanol 20 min

Washed in O. DIM PBS (pH 7.4) 5 min

3. Blocking serum

LSAB kit, DAKO, USA 20min

4. Primary antibody Overnight at 4°C

Washed in 0 .01M PBS (pH 7.4) 5 min

5. Probe development

Biotin-conjugated 2nd antibody at RT (LSAB kit) 10min

Washed in O. DIM PBS (pH 7.4) 5 min

Avi din-Biotin complex (LSAB kit, DAKO, USA) 10 min

Washed in 0 .01M PBS (pH 7.4) 5 min

DAB solution in the dark at RT (LSAB kit) 10min

Washed in tap water

6. Counterstained

Mayers haematoxylin (Sigma, St. Louis) 30 seconds

7. Dehydration

70% ethanol Dipped 4-5 times in

90% ethanol each solution

100% ethanol

Xylene

8. Mounting

Entellen mounting medium

I

I
I
I
I
I
I
I
I

2.5.3.2 Electron microscopy

I
I

After exposing the cells to the toxins i.e. 25 ug/ml FBI (at 0 time and 2 h incubation) and

50 ug/rnl OTA (at 0 time and 23 h incubation), they were fixed, dehydrated and embedded in

I eppendorftubes using the procedure as outlined in Table 2.5.
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Table 2.5 Protocol for the processing/preparation of tissues for electron microscopy

Procedure Time

1. Fixation:

Fixed in paraformaldehyde (4% in O.OlM PBS pH 7.4) 30 min

Centrifuged at 2000 rpm 5 min

2. Buffer rinsed:

Washed in O.OlM PBS (pH 7.4) 5 min

Centrifuged at 2000 rpm 5 min

3 Dehydrated in graded series of alcohols:

70% 15 min

90% 15 min

100% 15 min

4. Clearing:

Propylene oxide (I ml) 30 min

5. Resin impregnation:

I: I propylene oxide and Spurr's resin (I ml) 30 min

Spurr's resin I h at 37°C

Replaced resin in a new tube I h

6. Embedding:

Embedded in new tube & cured Overnight at 37°C

After each step of the processing procedure the samples were centrifuged at 500 x g for 2 min

to spin the cells into a pellet. Eppendorf tubes were used as they were convenient for

moulding the embedding resin to a tip which contained the pelleted cells, thus making

sectioning easier.

78

Embedded samples were removed from eppendorf tubes and sectioned with glass knives.

Sections were then transferred to nickel viewing grids and immunolabelled using the

procedure as outlined in Table 2.6.
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Table 2.6 Immunolabelling procedure for electron microscopy: colloidal gold method

I
I

Procedure Time

1. Grids washed

Washed in O. OlM PBS (pH 7.4)

3. Blocking agent

5% maleic acid blocker 2 min

4. Primary antibody

Washed in 0 .01M PBS (pH 7.4) 3 h at RT

5. Probe development

Colloid gold-conjugated 2nd antibody (Amersham 30 min at RT

Bioscience)

Washed in O. OlM PBS (pH 7.4)

6. Counterstain

Uranyl acetate (10 1..rl) 3 min

I
I
I
I
I
I
I

Grids were dried with Whatman NO.1 filter paper and then viewed under the electron

microscope and images were captured.

2.5.4 Effect of toxins on cytokine levels

I
I An enzyme immunoassay (EIA) kit (CherniKine) supplied by Chemicon was used for

measuring the various cytokines (IL-I, IL-6, IL-8, IL-lO and TNF-a) present in the plasma of

I
I

volunteers and the two patient groups, and in the supernatants when lymphocytes and

neutrophils isolated from the three population groups were exposed to either FBI or OTA.

This system measured natural and recombinant forms of the cytokine.

I
I
I

ChemiKine human cytokine kit measured the "total" (bound and free) amount of cytokine in

serum, plasma, and serum-free biological fluids. The ChemiKine assay system is not hindered

by autoantibodies, soluble receptors, or binding proteins that can interfere with most

I
I
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commercial sandwich assays. The result is that nanogram quantities of cytokine can often be

I detected using the ChemKine system. ChemiKine also accurately measures cytokine

I
concentration in cell culture supernatants provided the concentration is within the dynamic

With the ChemiKine assay system, precoated goat anti-rabbit antibody plates are used to

range of the standard curve.

I
I

Principle of test

I capture a specific cytokine complex in each sample consisting of the cytokine antibody,

I
standard or unknown, and biotinylated cytokine. Biotinylated cytokine conjugate (competitive

ligand), and sample or standard compete for cytokine specific antibody binding sites.

I Therefore, as the concentration of the cytokine in the sample increases, the amount of

biotinylated cytokine captured by the antibody decreases. The assay is visualised using a

I streptavidin alkaline phosphatase conjugate and an ensuing chromogenic substrate reaction

I (Figure 2.6).

I
I
I yyyy
I Plate pre-coated with

secondary antibody
(provided)

1. Addition of
Cytokine Standards,
Unknowns, Conjugate
and Antibody

2. Addition of
Streptavidin
Conjugated-Alkaline
Phosphatase

3. Addition of
Color Development
System

I
I
I

Fig.2.6 Schematic representation of chemikine's competitive enzyme immunoassay

I
I
I
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The amount of cytokine detected in each sample is compared to a cytokine standard curve

which demonstrates an inverse relationship between Optical Density (OD) and cytokine

concentration, i.e. the higher the OD, the lower the cytokine concentration in the sample.

Preparation of reagents

Rabbit Anti-Human Cytokine Antibody

The Iyophilised cytokine antibody was reconstituted with 3.5 ml of the diluent provided and

vortexed.

Recombinant Cytokine Standard

The cytokine standard vial was reconstituted with the diluent provided. The diluent was

further used to dilute the standards as follows:

a) Six 12 x 75 test tubes were labelled from 2-6 and "O-dose." The diluent (750 ul) was

added to the six standard tubes.

b) The cytokine standard was reconstituted in 1000 !-lIof the diluent. This solution was

standard # 1 and had a concentration of200 ng/ml.

c) Standards # 2-6 were then prepared by performing a 1:4 dilution of the preceding

standard. For example, to make standard # 2, 250 !-lIof standard #1 was added to tube

# 2 and vortexed and so on. The "0 Dose" standard tube had no cytokine.
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Human Cytokine Conjugate

The lyophilized cytokine conjugate was reconstituted with 3.5 ml of diluent and vortexed.

Diluting Wash Buffer

The contents of concentrated wash buffer was diluted to 1.0 L with deionised water and

stirred to homogenicity.

Streptavidin-Alkaline Phosphatase

The lyophilized streptavidin-alkaline phosphatase was reconstituted in 6.0 ml of diluent and

vortexed.

Colour reagents

Colour reagent A and colour reagent B were allowed to come to RT.

Protocol

1. 100 ul of the standards # 0-6 (of each cytokine) were dispensed into their designated

wells in duplicate (Table 2.7). A standard curve was run for each cytokine.
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3.

4.

Table 2.7 Serial dilution of cytokine standards (lL-1, IL-6, IL-8, IL-1 0 and TNF-a)

Lyophilized Standard 250 III 250 III 250 III 250 III 250 III 250 III 250 III
Initial Volume 1000 750 750 750 750 750 750

(Ill)

Concentration 200 50 12.5 3.125 0.781 0.195 0.0
(ng/ml)

Standard Number #1 #2 #3 #4 #5 #6 o dose

2. Test Sample:

The test sample comprised of (a) plasma that was obtained from the three groups of

individuals and stored at -70°C in cocktail medium as explained in section 2.2 and (b)

supernatant that was obtained after exposing 106 cells/ern/ of lymphocytes and

neutrophils (isolated from volunteers and the two patient groups) to the LDso dose and

time of FB I and OTA as explained in section 2.7. The supernatant was also stored at _

70°C in cocktail medium.

For each individual sample, 100 ul of sample + 200 ul of diluent (1) + 100 ).lI of

Diluent (2) was added to a 12 x 75 test-tube and vortexed. To each of the designated

wells (precoated with secondary antibody), 100!-L1of each diluted sample preparation

was dispensed (in duplicate).

Twenty five microlitres of reconstituted rabbit anti-human polyclonal antibody (for the

specific cytokine) was dispensed into each well. Plates were covered with the acetate

plate sealer to prevent evaporation and incubated for 3 h at RT.

The plate sealer was gently removed, 25 ul of reconstituted cytokine conjugate was

dispensed into each well, and plate was resealed and incubated for 30 min at RT.
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5. Important wash step:

The plate sealer was gently removed and the plate was washed five times. A thorough

washing of the plate was extremely important to reduce background. A multi-channel

pipette was used to fill each well with 250 ill of diluted wash buffer. Fluid removal

from the wells was best accomplished by inverting the plate over a sink and flicking

the fluid out of the wells and then blotting the plate on clean paper towels. Using the

multichannel pipette 250 ill of wash buffer was added to each well; the plate was

flicked and blotted. This procedure was repeated for a total of four times. Two

hundred and fifty microlitres of diluted wash buffer was dispensed a fifth time and the

plate soaked for lOmin. After 10 min of soaking, each well was blotted and aspirated

to remove any excess fluid.

6. Colour reagent A and colour reagent B were allowed to come to RT (refer to

Appendix for reagent preparation). Fifty microlitres of the diluted steptavidin-alkaline

phosphatase was dispensed into each well. The plate was resealed with the plate sealer

and incubated for 30 min at RT.

7. The plate sealer was gently removed. The plate was washed 5 times using the wash

method described above making sure to soak plate with the wash buffer for 10 min on

wash cycle 5 before final fluid removal and aspiration of each well.

8. Two hundred microlitres of the prepared colour reagent solution was dispensed into

each well. The plate was incubated at RT for 15 min.
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9. The colour generation was monitored very closely. The plate was read at 490 nm

using a DAS Microplate Reader (modello: A2; Rome, Italy) during the 25 min

incubation period to monitor the speed at which colour was generated.

When the OD for "0 Dose" had reached 1.6, a reading was taken and saved.

10. Fifty microlitres of stop solution was added into each well in the same order that the

colour reagent solution was added.

11. The plate was read a final time at 490 nm.

After reading the optical densities for the various test samples, the concentration of IL-I, IL-

6, IL-8, IL-lO and TNF-a present in the plasma of volunteers and the 2 patient groups, and in

the supernatant of cells exposed to the toxins, was obtained from the standard curves for IL-I,

IL-6, IL-8, IL-ID and TNF-a.

2.6 STASTISTICAL ANALYSIS

Statistical analysis was carried out by the SPSS 12 computer programme and reviewed by a

statistician. Results are presented as the mean and standard error of the mean (SEM).

Significance was calculated by a two-tailed, unpaired Student's t-test, the Mann-Whitney test

and the Kruskal-Wallis test. Levels of significance were determined using a 95% confidence

interval; a p-value < 0.05 was taken to be statistically significant.
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CHAPTER THREE: RESULTS

3.1 EFFECT OF FB1 AND OTA ON LYMPHOCYTES AND NEUTROPHILS

FROM HEALTHY VOLUNTEERS

3.1.1 Effect on viability

Initial experiments on the effect of FBI and OTA on purified lymphocytes and neutrophils from

healthy volunteers showed that both toxins decreased the number of viable cells with increasing

concentration of toxin. With FBI the effect was rapid and was evident over a 4 h period and with

OTA this effect was observed over a 24 h period. With 100 ug/rnl FB I exposure both

lymphocyte and neutrophil cell death occurred immediately. With 10 ug/ml FB I exposure both

lymphocytes and neutrophils remained viable for over the time period. Fumonisin BI had a more

rapid toxicological effect than OTA since OTA required twice the dosage (50 ug/ml) over a

longer time frame i.e. 23 h to obtain 50% cell death (Figures 3. I to 3.8). The dosage required to

kill 50% of neutrophils and 50% of lymphocytes was determined to be 25 ug/ml FBI (after 2 h

exposure) and 50 ug/ml OTA (after 23 h exposure) as shown in Tables 3.1 and 3.2.

A comparison of the trypan blue dye exclusion test method and the MTT assay to measure

viability of lymphocytes and neutrophils exposed to FBI and OTA showed no significant

differences (p ::::0.05). The LD50 and the viability of the immunocytes at the different toxin

concentrations tested follow similar patterns regardless of testing method as shown in Figures

3.1 - 3.8. Subsequent experiments were conducted using the trypan blue dye exclusion test since

it is more rapid and cost effective.
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Table 3.1 Lethal dose for lymphocytes and neutrophils exposed to FBI

I

FBI Lymphocytes Neutrophils
fJlg/ml] LDso@ time LDso@ time20 3 2

25 2 2
30 1 1

50 1 0

,I
I

I
I
I

Table 3.2 Lethal dose for lymphocytes and neutrophils exposed to OTA

I
OTA Lymphocytes Neutrophils

[Jlg/ml] LDso@ time LDso@ time20 0 0
25 0 0
30 0 0
50 23 23

I
I
I
I

I
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.1.2 Effect 0111 morphology

3.1.2.1 Gross morphological changes

Neutrophils exposed to FB J and OTA

Light microscopic observation of the effect of the two toxins on neutrophils showed that

neutrophils unexposed to toxins appeared healthy with no indication of cell damage and

had distinct polymorphonuclear morphology with a granular appearance exhibiting a

distinct three to five lobed nucleus (Figure 3.9a). Exposure of neutrophils to 25 ug/rnl of

FBI for 2 h showed cell lysis and loss of cell membrane integrity. The nucleus lost its lobed

appearance and appeared to be undifferentiated from the cytoplasm (Figure 3.9b).

Exposure to 50 ug/ml to OTA showed most of the neutrophils to be lysed. In the few

remaining cells further disintegration of the nucleus was evident which appeared to be

undifferentiated from the cytoplasm; however, these cells had no cell membrane (Figure

3.9c).

Lymphocytes exposed to FBI and OTA

Lymphocytes unexposed to toxins (control) appeared healthy with distinct

mononucleus, a thin cytoplasmic region and intact cell membrane (Figure 3.10a). On

exposure to 25 ug/ml FBI for 2 h the lymphocytes showed signs of membrane

disruption. Cytoplasm expulsion and nuclear damage was also observed (Figure 3.10b).

Similar results were obtained when lymphocytes were exposed to 50 ug/ml OTA for 23

h (Figure 3.lOc).
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Fig.3.9

(c) XIOO

Morphology ofneutrophils.

(a) control neutrophils with lobed nucleus (N), (b) neutrophils exposed to 25

ug/ml of FBI for 2 h, arrows represents cell lysis, and (c) neutrophils exposed

to 50 ug/ml OTA for 23 h
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N____

(a) X40 (b) X40

Morphology of lymphocytes.

(a) control lymphocytes with round nucleus (N), (b) lymphocytes exposed to

25 ug/ml of FB, for 2 h, arrow represents cytoplasmic expulsion, and

(c) lymphocytes exposed to 50 ug/ml OTA for 23 h

Fig.3.10

(c) XIOO
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3.1.2.1 Ultrastructural changes

Neutrophils exposed to FB J and OTA

Neutrophils unexposed to toxins (control) appeared healthy, characterized by distinct

organelles, which included lobed nuclei (Figure 3.l1a), primary, secondary and tertiary

granules (Figure 3.l1b), and an intact cell membrane (Figure 3.l1c).

Neutrophils exposed to 25 ug/ml FBI for 2 h showed neutrophil injury which was

indicative of apoptosis, represented by the loss of cellular integrity (Figure 3.12a), loss of

cellular organization (Figure 3.l2b) with a large number of vacuoles, lipid granules and

leakage of nucleoplasm (Figure 3.12c). Some of the toxin appeared to be encapsulated in

phagosome vesicles.

Neutrophils exposed to 50 ug/ml OTA for 23 h (Figure 3.13) displayed loss of cellular

organization and integrity. Large numbers of vacuoles were present and the plasma

membrane was damaged (Figure 3.l3a). Leakage of nucleoplasm was observed, as well as

phagosome encapsulation of toxin (Figure 3.13b).
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f'G1362 IH.111 xm mn.

Electron micrographs ofneutrophils unexposed to toxins.

(a) lobed nucleus (N), (b) primary granules (P), secondary granules (S) and

tertiary granules (T), and (c) intact cell membrane (arrow).

Fig.3.lt

(c) X 55 000
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Electron micrographs ofneutrophils exposed to 25 ug/ml FBI for 2 h.

(a) loss of cellular integrity (arrow), lipid granules (L) and vacuoles (V),

(b) loss of cellular organization (arrow) and vacuolization (V), and

(c) nucleoplasm leakage (arrow) and phagosome encapsulation of toxin (T).
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(a) X 70 000

(c) X 20 000

(b) X 20 000
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(a) X 15000 (b) X 35 000

Fig.3.13 Electron micrographs showing neutrophils exposed to 50 ug/ml OTA for

23 h. (a) dense nucleus (N), loss of cellular organization and cytoplasmic

organelles (arrow), intracytoplasmic vacuoles (V) and invaginations in

plasma membrane, and (b) nucleoplasm leakage (arrow), phagosome

encapsulation of toxin (T) and intracytoplasmic inclusions / granules (G).
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Lymphocytes exposed to lFBI and OTA

Lymphocytes unexposed (control) appeared healthy, indicated by a mononucleated,

intact cell with distinct cellular structures (Figure 3.14a), a regular cell membrane and

a large number of enzymatic vesicles within the cytoplasm (Figure 3.l4b). On

exposure to 25 ug/ml FBI for 2 h the lymphocytes had shrunk slightly and the cell

membrane had started to degrade. The nuclear region appeared more condensed and

vacuoles had started to form in the cytoplasm. Although the mitochochondrial cristae

appeared intact, the mitochondria were swollen (Figure 3.l5a). An increased number

of lipid granules and autophagic vesicles with enzymatic breakage of cellular structure

deposits were seen within the cytoplasm (Figure 3.l5b).

Lymphocytes exposed to 50 ug/ml OTA for 23 h showed signs of apoptotic cell death

indicated by fragmentation of the nucleus (Figure 3.l6a), a loss of cellular organization,

an increased number of vacuoles and degradation of the cell membrane (Figure 3.16b).
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(a) X 14000 (b) X 30 000
Fig. 3.14 Electron micrographs of control lymphocytes.

(a) mononucleated intact cell with rounded nucleus (N) and thin rim of

cytoplasm (C), and (b) intact cell membrane (arrow) in the presence of

enzymatic vesicles within the cytoplasm (Ve).
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(a) X 60 000

Fig.3.15 Electron micrographs of lymphocytes exposed to 25 ug/ml FB I for 2 h.

(h) X 70 000

(a) swollen mitochondria CM)and vacuolation CV),and (b) presence of autophagic

vesicles (Vel with enzvmatic breakace of cellular denosits (arrow).
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(a) X 14000 (b)X35000

Electron micrographs of lymphocytes exposed to 50 ug/ml OTA at 23 h.

(a) fragmentation of the nucleus (N) and presence of apoptotic body (AB),

and (b) loss of cytoplasmic structures (C) and degradation of cell membrane

(arrow).
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3.2 EFFECT OF FBI AND OTA ON JLYMlPHOCYTES AND NEUTROlPIDJLS FROM

lPATliENTS W][TH OlESOlPHAGEAJL AND BREAST CANCER

Lymphocytes and neutrophils isolated from 30 healthy volunteers, 30 oesophageal cancer

patients and 30 breast cancer patients were separately exposed to 25 ug/ml FBI for 2 hand

50 ug/ml OTA for 23 h.

3.2.1 Viability

Healthy volunteers control

In the healthy population, lymphocytes unexposed to FBI showed an average of99% viability

at 0 h and 94% viability after 2 h, whereas lymphocytes exposed to 25 ug/ml FBI showed an

average of 91% viability at 0 hand 65% viability after 2 h (Table 3.3; Appendix E).

Neutrophils unexposed to FBI showed an average of 98% viability at 0 hand 90% viability

after 2 h, whereas neutrophils exposed to 25 ug/rnl FBI showed an average of 89% viability at

Oh and 65% viability after 2 h exposure (Table 3.3; Appendix E). Lymphocytes unexposed to

OTA showed an average of 99% viability at O-time and 82% viability after 23 h, whereas

lymphocytes exposed to 50 ug/ml OTA showed an average of 91% viability at 0 hand 66%

viability after 23 h exposure (Table 3.4; Appendix E). Neutrophils unexposed to OTA showed

an average of 98% viability at 0 hand 86% viability after 23 h, whereas neutrophils exposed

to 50 ug/rnl OTA showed an average of 92% viability at 0 hand 75% viability after 23 h

exposure (Table 3.4; Appendix E).
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The toxin-exposed immunocytes from healthy volunteers showed an average reduction of

18.2% and 22.7% in viability of lymphocytes and neutrophils respectively after exposure to

25 ug/rnl FBI (Table 3.3; Appendix E) and an average reduction of 11.1% and 15.1% in

viability of lymphocytes and neutrophils respectively after exposure to 50 ug/ml OTA (Table

3.4; Appendix E) on healthy individuals.

Oesophageal cancer patients

In the oesophageal cancer patients, lymphocytes unexposed to FBI showed an average of99%

viability at 0 hand 98.5% viability after 2 h, whereas lymphocytes exposed to 25 ug/ml FBI

showed an average of 98% viability at 0 hand 79% viability after 2h exposure (Table 3.5;

Appendix E). Neutrophils unexposed to FBI showed an average of 99% viability at O-time

and 95% viability after 2 h, whereas neutrophils exposed to 25 ug/ml FBI showed an average

of 95% viability at 0 hand 74% viability after 2 h exposure (Table 3.5; Appendix E).

Lymphocytes unexposed to OTA showed an average of99% viability at 0 hand 90% viability

after 23 h, whereas lymphocytes exposed to 50 ug/ml OTA showed an average of 99%

viability at 0 hand 71% viability after 23 h exposure (Table 3.6; Appendix E). Neutrophils

unexposed to OTA showed an average of 99% viability at 0 hand 95% viability after 23 h,

whereas neutrophils exposed to 50 ug/rnl OTA showed an average of 97% viability at 0 hand

69% viability after 23 h exposure (Table 3.6; Appendix E).

The toxin-exposed imrnunocytes showed an average reduction of 19.1% and 17.8% in

viability of lymphocytes and neutrophils respectively after exposure to 25 ug/rnl FBI (Table
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3.5 Appendix E) and an average reduction of 22.2% and 18.2% in viability of lymphocytes

and neutrophils respectively after exposure to 50 ug/ml OTA (Table 3.6 Appendix E) on

oesophageal cancer patients.

Breast cancer patients

In the breast cancer patients, lymphocytes unexposed to FBI showed an average of 98%

viability at 0 hand 89% viability after 2 h, whereas lymphocytes exposed to FBI showed an

average of 92% viability at 0 h and 70% viability after 2 h exposure (Table 3.7; Appendix E).

Neutrophils unexposed to FBI showed an average of 98% viability at 0 hand 90% viability

after 2 h, whereas neutrophils exposed to 25 ug/ml FBI showed an average of 95% viability at

Oh and 67% viability after 2 h exposure (Table 3.7; Appendix E). Lymphocytes unexposed to

OTA showed an average of 99% viability at 0 hand 91% viability after 23 h, whereas

lymphocytes exposed to 50 ug/rnl OTA showed an average of 97% viability at 0 hand 73%

viability after 23 h exposure (Table 3.8; Appendix E). Neutrophils unexposed to OTA showed

an average of 99% viability at 0 hand 90% viability after 23 h, whereas neutrophils exposed

to 50 ug/rnl OTA showed an average of 93% viability at 0 hand 71% viability after 23 h

exposure (Table 3.8; Appendix E).

The toxin-exposed immunocytes showed an average reduction of 14.4% and 20.7% in

viability of lymphocytes and neutrophils respectively after exposure to 25 ug/ml FBI (Table

3.7; Appendix E) and an average reduction of 16.1% and 14.3% in viability of lymphocytes

and neutrophils respectively after exposure to 50 ug/ml OTA (Table 3.8; Appendix E) on

breast cancer patients.
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Comparison of FBI and OTA responses

A comparison of the effects of FBI and OTA on neutrophils and lymphocytes isolated from the

three groups are summarized in Figures 3.17 and 3.18. The highest percentage reduction in

viability of neutrophils, was with breast cancer patient-derived neutrophils exposed to 25 ug/ml

FBI for 2 h (Figure 3.17) and in lymphocytes, was with those derived from oesophageal cancer

patients exposed to 50 ug/ml OTA (Figure 3.18).

Fig.3.17

Fig.3.18

Neutrophil %decrease in viability

~ 35.0 -r----------------,
~ 30.0
.~ 25.0
.5 20.0
c
~ 15.0
g 10.0
"C
~ 5.0
"$. 0.0

OTA FB1 OTA FB1 OTA FB1

Healthy Oesophageal Breast

Percentage viability of neutrophils exposed to 25 ug/ml FBI for 2 h or 50 ug/ml

OTAfor23 h

Lymphocyte %decrease in viability

~ 35.0
:ëi 30.0
ft!
'S; 25.0
.5 20.0
c

15.00
~ 10.0::I
"C 5.0QIa:: 0.0:.!!0 OTA FB1 OTA FB1 OTA FB1

Oesophageal BreastHealthy

Percentage viability of lymphocytes exposed to 25 ug/ml FBI for 2 h or

50 ug/ml OTA for 23 h
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3.2.2 Toxin effect on morphology

3.2.2.1 Oesophageal cancer patients

Unexposed lymphocytes

Unexposed oesophageal cancer patient-derived lymphocytes appeared rounded with a large,

sometimes slightly invaginated, densely stained nucleus surrounded by a thin peripheral layer

of cytoplasm (Figure 3.l9a). There was a paucity of organelles within the cytoplasm. A

normal dispersion of chromatin was noted (Figure 3.19c). Single nucleoli could be seen in

some cells. The heterochromatin appeared crenated and condensed on the periphery of the

nucleolemma (Figure 3.l9b). The mitochondria were of ovoid shape and contained visible

cristae. Golgi apparatus, endoplasmic reticulum (ER) and free ribosomes were occasionally

noticed. The plasma membrane exhibited finger-like projections (Figure 3.19c). Unexposed

lymphocytes observed at 0 h, 2 hand 23 h retained normal morphology and resembled

healthy lymphocytes.

Lymphocytes exposed to FB]

At a low magnification, cellular debris and platelet cells (Figure 3.20a) were observed. Only a

few viable lymphocytes were observed. Nucleoli were not seen. Dense heterochromatin was

observed (Figure 3.20b). Higher magnification (X 55 000) revealed some intact and some

disrupted mitochondrial cristae. Swollen ER was frequently noticed. Vacuolation was

prominent (Figure 3.20c). The plasma membranes exhibited fewer projections. The

nucleolemma appeared swollen (Figure 3.20d).
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(b)X30 000

Lymphocytes exposed to OTA

Cells in various stages of degeneration were noticed. Cellular population contained platelet-like

cells (apoptotic bodies) and necrotic cells (Figure 3.21a). Vacuolation (Figure 3.21c) and lipid

inclusions were noted (Figure 3.2la). The plasma membrane was deeply invaginated (Figure

3.21b). Pycnotic nuclei exhibiting eresentric apolar aggregation of chromatin were observed

(Figure 3.21b), characteristic of apoptosis.

(a) X 5500

(c) X 40 000

I

Fig. 3.19 Electron micrographs of control

lymphocytes.

(a) large rounded nucleus (N) and thin rim

of cytoplasm (arrow), (b) normal dispersion

of darkly stained heterochromatin (H),

lightly stained euchromatin (E),

intracytoplasmic vacuoles (V), and (c)

presence of mitochondria (M), centriole (C)

and cytoplasmic projections (arrow).
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Electron micrographs of lymphocytes exposed to 25 ug/ml FB I at 2 h.

(a) a single lymphocyte amongst cellular debris and apoptotic bodies (AB),

(b) a lymphocyte with dense heterochromatin (H), intracytoplasmic

vacuolation (V) and endoplasmic reticulum oedema (ER), (c) swollen

endoplasmic reticulum (ER), cytoplasmic vacuolation (V) and fewer plasma

membrane projections (arrow), and (d) folded plasma membrane projection

(arrow).
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(a) X 6 000

(c) X 55 000

Fig.3.20

(b) X 15 000

(d) X 65000
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AB

Fig.3.21

(c) x u 000

Electron micrographs of lymphocytes exposed to 50 ug/ml OTA for 23 h.

(a) cells in various stages of degeneration and plasma lemma exhibiting

microvilli-like projections (arrows), (b) Pycnotic nucleus (N) exhibiting

eresentric apolar aggregation of chromatin (arrows), and (c) intracytoplasmic

vacuolation (V) and some lipid granules (L).
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Unexposed neutrophils

Neutrophils appeared normal with bilobed nuclei. (Figure 3.22a). The plasmalemma appeared to

have many processes. Vesicles and vacuoles were observed beneath the plasmalemma (Figure

3.22b). Intracytoplasmic granules, mitochondria and ribosomes were observed. The

heterochromatin was distributed peripherally (Figure 3.22c).

Neutrophils exposed to FBI

Cells in various stages of degeneration were observed (Figure 3.23a). Neutrophils contained

bilobed nuclei, with dense heterochromatin surrounding small areas of euchromatin. The

cytoplasmic inclusions appeared normal (Figure 3.23b), but cytoplasmic vacuolation and

nucleolemmal widening was evident (Figure 3.23c).

Neutrophils exposed to OTA

The sample consisted predominantly of degenerative cells. Cells with various degrees of

degeneration were observed and are illustrated: cell containing a large nucleus with dense

peripherally located heterochromatin, and many vacuoles (Figure 3.24a and b); at high

magnification (Figure 3.24c) inclusion bodies were observed.
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(a) XIS 000 (b) X 35 000

Fig.3.22

(c) X 45 000

Electron micrographs of unexposed neutrophils.

(a) large bi-nucleated nuclear region (N) and intracytoplasmic granules (G),

(b) peripheral location of heterochromatin (H) and mitochondria (M), and

(c) presence of intracytoplasmic vacuoles (V) and cytoplasmic projections

(arrow).
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(a) X5000 (b) X 11 000

(c) 45 000

Fig.3.23 Electron micrographs ofneutrophils exposed to 25 ug/ml FBI for 2 h.

(a) cells in various stages of degeneration, neutrophil with bilobed nucleus (N),

(b) dense hetrochromatin (H), surrounding small areas of euchromatin (E), and

(c) intracytoplasmic vacuolation (V), some lipid granules (L) and widening of

nucleolemma (arrow).
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(a) X 18000 (b) X 55 000

(c) X 45 000 (d) X 75000

Electron micrographs ofneutrophils exposed to 50 ug/ml OTA for 23 h.

(a) dense and peripheral distribution of heterochromatin (H) and vacuolation (V),

(b) vacuolation (V) , lipid bodies (L), intracytoplasmic granules (G) and

nucleolemma widening (arrow), (c) intracytoplasmic vacuoles (V),

intracytoplasmic granules (G), and (d) inclusions within vacuoles (arrows).
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3.2.2.2 Breast Cancer Patients

Unexposed lymphocytes

The unexposed lymphocytes appeared as expected with a large densely stained nucleus

surrounded by a thin rim of cytoplasm. In some cells the nucleus was slightly invaginated

(Figure 3.25a). Very few organelles were visible in the cytoplasm. The mitochondria were

ovoid in shape and contained visible cristae (Figure 3.25b). The plasma membrane exhibited

finger-like projections.

Lymphocytes exposed to FR 1

At low magnification numerous cellular debris were observed together with platelet-like cells, a

feature of apoptosis (Figure 3.26a). Very few viable lymphocytes were observed. Plasma

membrane of the exposed lymphocytes contained fewer projections compared to that of the

unexposed lymphocyte. Intracytoplasmic vacuolation as well as disintegration of plasma

membrane were observed. Higher magnification revealed loss of cytoplasm integrity and

organization (Figure 3.26b). Cytoplasm organelles and nucleoli were not visible. Disintegration

of chromatin and cytoplasm, leakage of neoplasm into the cytoplasm and damage to

mitochondria were observed. Hyperchromatin could not be differentiated from the

euchromatin.
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Lymphocytes exposed to OTA

Exposure to 50 ug/ml OTA for 23 h showed that the lymphocytes had undergone further ce1l

injury. As a result, few lymphocytes were observed which at low magnification showed various

stages of degeneration. The ce1lpopulation comprised mainly necrotic ce1ls and plate-like cells.

Fragmentation of chromatin material and cytoplasm was noted (Figure 3.27a). Cytoplasmic

vacuolation was dominant (Figure 3.27b). The plasma membrane had ruptured and no

projections were visible in the plasma membrane. The nuclear pore seemed to have increased in

size resulting in leakage of nucleoplasm.

(a) X 11500 (b) X 30 000

Fig.3.25 Electron micrographs of control lymphocytes.

(a) slightly invaginated and dense nucleus (N) with a thin rim of cytoplasm (C),

and (b) ovoid shaped mitochondria (M) and cytoplasmic projection (arrow).
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(a) X 11 500 (b) X 30 000

Fig.3.26 Electron micrographs of lymphocytes exposed to 25 ug/rnl FBI for 2 h

(a) debris and plate-like cells in the background (arrows), and (b) disintegration

of the plasma membrane (arrow), nucleoplasm leakage (arrow) and damaged

mitochondria (M).
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(a) X 11500 (b) X 30 000

Fig.3.27 Electron micrographs of lymphocytes exposed to 50 ug/ml OTA.

(a) fragmentation of nuclear (N) and cytoplasmic (C) structures and rupture of

plasma membrane (arrow), and (b) cytoplasmic vacuolizatin (V) and increase in

size of nuclear pore (arrow).

Unexposed neutrophils

At low magnification the neutrophils appeared normal with lobed nuclei. The plasmalemma

had many processes (Figure 3.28a). The nucleus contained dense peripherally located

heterochromatin and no nucleolus was visible. The cytoplasm contained dense granules and

vesicles. At high magnification intracytoplasmic granules, mitochondria and ribosomal content

of the cytoplasm were observed. Intracytoplasmic vesicles were observed beneath the

plasmalemma (Figure 3.28b).
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Neutrophlts exposed to FBI

At low magnification the cellular population consisted of debris, degenerative cells and

neutrophils. The nucleus contained dense chromatin material. Nucleolemma invagination was

evident with nucleoplasm leakage (Figure 3.29b). The cytoplasm contained intracytoplasmic

granules and vacuoles. Fewer finger-like projections were visible on the plasmalemma (Figure

3.29a). However, they appeared to be thickened with the presence of vesicles at the base

(Figure 3.29b). Invaginations in the plasma membrane were also evident.

Neutrophils exposed to OTA

The sample consisted of mainly degenerative cells, where various stages of degeneration were

present. Loss of cellular organization was prominent (Figure 3.30a). The nucleus had

completely disintegrated and nuclear material had become packaged into apoptotic bodies

within the cytoplasm. The cytoplasm was highly vacuolated and the plasmalemma had

disintegrated completely (Figure 3.30b).
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Fig.3.28

(a) X 11500 (b) X 30 000

Electron micrographs of unexposed neutrophils.

(a) lobed nuclei (N), intracytoplasmic vesicles (V) and finger-like projections in

plasma membrane (arrow), and (b) numerous intracytoplasmic granules (G) and

some intracytoplasmic vesicles (V).

119



Electron micrographs of neutrophils exposed to 25 ug/ml FBI for 2 h.

(a) Nucleus (N) containing dense chromatin material, Cytoplasm (C) containing

numerous intracytoplasmic granules (G) and disintegration of plasma membrane

(arrow), and (b) intracytoplasmic vesicles (Y), intracytoplasmic granules (G)

and disintegration of cytoplasm (arrow).
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(a) X 11500 (b) X 30 000
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(a) X 35 000 (b) X 55 000

Fig.3.30 Electron micrographs of neutrophils exposed to 50 ug/rnl OTA.

(a) loss of cellular structures, disintegration of plasma membrane (arrow) and

(b) cytoplasmic vacuolation (V) and nuclear material in apoptotic bodies (AB).

Electron microscope observations of FBI treated lymphocytes and neutrophils from the three

population groups (Figures 3.31b and 3.32b) showed morphological features consistent with

apoptosis i.e. cytoplasmic and chromatin condensation, chromatin margination, increased

vacuolation and cell shrinkage. The changes observed when lymphocytes and neutrophils were

exposed to FBI and OTA appeared to be most severe in breast cancer patients followed by

oesophageal cancer patients. Pyknosis or karyorrhexus, cytoplasmic vacuolation, chromatin

margination, increased intracytoplasmic granules, relatively high numbers of nuclear pores,

fragmentation of cell membrane and disintegration of cytoplasm was seen in OTA exposed

cells.

121



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Otime 23 h Ochratoxin2 h Fumonisin

Normal

Oesophageal
Cancer

Breast
Cancer

(a) (b) (c)

Fig.3.31 Electron micrographs of lymphocytes at time zero and 2 h after exposure to

25 ug ml FBI or 23 h after exposure to 50 ug/ml OTA
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o time Control

Normal

Oesophageal
Cancer

Breast
Cancer

(a)

Fig.3.32

2 h Fumonisin 23 h Ochratoxin

(c)

Electron micrographs of neutrophils at time zero and after exposure to 25 ug ml

FBI or 50 ug/m! OTA for respective time periods

(b)
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3.2.3 Receptor lecahzation

3.2.3.1 eK Receptor localization by IigJb.tmicroscopy

Following exposure to 25 ug/ml FBI or 50 ug/ml OTA, isolated lymphocytes and

neutrophils, from normal healthy volunteers and the two patient groups, oesophageal and

breast cancer, were immunolabelled to localize the CK receptors following incubation with

toxins in all three groups. There was a reduction in the labelling intensity of receptors

(represented by the dark brown coating on the membrane surfaces surrounding the

lymphocytes and neutrophils), and therefore a reduction in receptor numbers.

Figure 3.33 and Figure 3.34 show immunolabelled CK receptors on lymphocytes and

neutrophils exposed to either 25 ug/ml FBI or 50 ug/ml OTA at 0 h (no toxin exposure) and

after the respective incubation periods. A decrease in the labelling intensity of the receptors

was observed after 2h incubation with 25 ug/ml fumonisin BI and 23 h incubation with

50 ug/ml OTA in contrast to the 0 h control cells.
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Fig.3.33

/
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A--

Lymphocyte 2 h FB Lymphocyte 23 h arA

/

\

Light microscopic (LM) images of labelled (arrows) eK receptors on

surfaces of lymphocytes from healthy individuals, oesophageal cancer and

breast cancer patients exposed to 25 ug/ml FBI for 2 h incubation or

50 ug/ml OTA for 23 h incubation. The lymphocytes at 0 h were not exposed

to any toxin.
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Fig.3.34

!

Neutrophils2h FBt

.
I

. /

~

Neutrophils23 h OTA

Light microscopic images of labelled (arrows) eK receptors on surfaces of

neutrophils from healthy individuals, oesophageal cancer and breast cancer

patients exposed to 25 ug/ml FBI for 2 h incubation or 50 ug/ml OTA for 23

h incubation. The neutrophils at 0 h were not exposed to any toxin.
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3.2.3.2 CK, TNF and CSF Receptor locelizanon by electron mieroscepy

After exposure either to 25 ug/ml FBI for 2 h and 50 ug/ml OTA for 23 h, isolated

lymphocytes and neutrophils were immunolabelled to localize the cytokine receptors (CK,

1NF and CSF) on their cell surface membranes. Our objective was to localize the antigen

so as to preserve antigenicity. Tissue preservation was compromised, more in the 2 h and

23 h incubations than at time o. Tissue preservation compromisation could be observed to

various degrees with regards to loss of cellular membrane structure and deterioration of

cytoplasmic organelle structures. These changes could be the result of poor fixation due to

the nature of the procedure, for example, the long incubation periods between blood

sampling and eventual fixation. Every effort was made to maintain homeostasis of the

cells by adding oxygenated PBS (95% 02 and 5% C02 mixture) to the sampling tubes,

even during toxin incubation.

Figures 3.35 to 3.40 were taken at 60 000 x magnification to give an indication of the

localization of toxin-exposed receptors by ICC using the electron microscope. Table 3.9

summarises the findings by providing a scale ranging from 0.5 (representing "very low

label") to 4 (representing "good labelling"). The immunolabelling results observed

indicated a definite reduction in receptor numbers (characterized by the decrease in tiny

black dots) after incubation with the toxins. Best results were observed in the CK labelling

of lymphocytes obtained from the 3 population groups at time 0 (Figure 3.35). Although

there was a decrease in numbers, labels were present even after toxin exposure. Good

labelling was also observed at 0 time in the CK receptors of neutrophils isolated from

volunteers and in the CSF receptors of lymphocytes isolated from breast cancer patients.
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Overall, in the TNF and eSF receptor localization, where label was present, it was

I generally low (Figures 3.37 to 3.40).

I
I
I
I

Table 3.9 Immunolabelling results of TNF, eSF and eK receptor localization on

neutrophils and lymphocytes

I

lRECEPTORS JLYMPlBIOCYTJES NlEUTROPIDlLS
(a) HEAL THY VOLUNTEERS

CONT lFB. OTA CONT lFB. OTA
CK ++++ ++ ++ ++++ ++ +

CSlF ++ ± + ++ + +

TNlF ++ + + ++ + +

(b) OESOPHAGEAL CANCER PATIENTS

CK ++++ ++ + + ± ±

CSlF + ± ± + ± ±

TNlF + + ± + + ±

(c) BREAST CANCER PATIENTS

CK ++++ +++ ++ ++ + +

CSlF ++++ + ± + ± ±

TNlF + + + + + +
..CONT = 0 h unexposed cells, FBI = 2 h fumonisin BI exposure, and OTA = 23 h ochratoxin A

I
I
I
I
I
I
I

exposure

I
SCALE

0,5 ± represents very low labelling

1 + represents low labelling

2 ++ represents moderate labelling

3 +++ represents good labelling

4 ++++ represents very good labeling
I
I
I
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eK Receptors on lymphocytes
Lymphocyte 0 h Control Lymphocyte 2 h FBI

Normal

sophageal
Cancer

Breast
Cancer

Fig.3.35

- -
.', .

Lymphocyte 23 h OTA

-

Electron microscopic (EM) images of labelled (dots) eK receptors on

surfaces of lymphocytes from healthy individuals, oesophageal cancer and

breast cancer patients exposed to 25 ug/ml FBI for 2 h incubation or 50

ug/ml OTA for 23 h incubation. The lymphocytes at 0 h were not exposed to

any toxin.
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CK Receptors on neutrophils
Neutrophils 0 h Control Neutrophils 2 h FB, Neutrophils 23 harA

I
I
I
I
I
I
I
I
I
I
I
I
I
I

Nonml

Oesophageal

Cancer

Breast
Cancer

Fig.3.36 EM images of labelled (dots) eK receptors on surfaces of neutrophils from

healthy individuals, oesophageal cancer and breast cancer patients exposed

to 25 ug/ml FB I for 2 h incubation or 50 ug/ml OTA for 23 h incubation.

The neutrophils at 0 h were not exposed to any toxin.
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Breast
Cancer

L)'llllhocyte 23 h orx

Fig.3.37 EM images of labelled (dots) eSF receptors on surfaces of lymphocytes from

healthy individuals, oesophageal cancer and breast cancer patients exposed

to 25 ug/ml FBI for 2 h incubation or 50 ug/ml OTA for 23 h incubation.

The lymphocytes at 0 h were not exposed to any toxin.
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CSF Reeerrors on neuromils
.I.~l'"-'1'bJIJqlhlIs 0 h ~~~

Breast
0J0c,er

~i1s2h~ Neutrqirils 23 harA

Fig.3.38 EM images of labelled (dots) eSF receptors on surfaces of neutrophils of

healthy individuals, oesophageal cancer and breast cancer patients exposed

to 25 ug/ml FBI for 2 h incubation or 50 ug/ml OTA for 23 h incubation.

The neutrophils at 0 h were not exposed to any toxin.
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I Fig.3.39 EM images of labelled (dots) TNF receptors on surfaces of lymphocytes of

1NF Receptors on lymphocytes
Lyrrphocyt:es 0 h CootroI L)'TT1)hocytes2 h ~

Breast
Carxx2"

Lyrq:JlDcytes 23 h arA

healthy individuals, oesophageal cancer and breast cancer patients exposed

I
I
I
I
I
I

to 25 ug/ml FBI for 2 h incubation or 50 ug/ml OTA for 23 h incubation.

The lymphocytes at 0 h were not exposed to any toxin.
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1NF Receptors on neutrophils
N:roqilil 0 h 0rtr0I N::ti:rqiliI2 h ~

Fig.3.40

N:tiIqiIil23 har A

EM images of labelled (dots) TNF receptors on surfaces of neutrophils of

healthy individuals, oesophageal cancer and breast cancer patients exposed

to 25 ug/ml FBI for 2 h incubation or 50 ug/ml OTA for 23 h incubation.

The neutrophils at 0 h were not exposed to any toxin.
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3.2.4 Cytokine levels ru-r, IL-6, IL-8, IL-lO 31mB TNlF-a)

A standard curve was initially plotted for each of the interleukins. The standard curves for

each of the cytokines had a sigmoid shape (Figure 3.41 to Figure 3.45, Appendix F) that

showed an inverse relationship between the interleukin concentrations and the

corresponding optical densities (OD's or absorbancies). In other words the greater the

concentration of the interleukin in the sample, the lower the OD, or less red colour. A power

series trend line was fitted to the standard values.

3.2.41.lI.Concentrattoas eru-r, IL-6, IL-8, IL-lI.Oand TNF-a. D.1l1l plasma samples

Basal levels of IL-I, IL-6, IL-8, IL-lO and TNF-a. were measured in the plasma samples

collected from 10 healthy volunteers, 10 oesophageal cancer patients and 10 breast cancer

patients. The samples were randomly selected. The concentrations of IL-I, IL-6, IL-8, IL-lO

and TNF-a. in the plasma samples of volunteers, oesophageal cancer patients and breast cancer

patients were obtained from the respective standard curves. The mean concentrations are

represented in Table 3.10.
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'falDne 3.:D.O Mean concentrations oflL-I, IL-6, IL-8, IL-lO and TNF-(l in plasma samples

of volunteers, oesophageal cancer patients and breast cancer patients

Cytolkfiune Volanteers Oesophagal cancer Breast cancer
cOlIDceuntratnouns patients natieets

n-r (ng/ml) 0.416 ± 0.497 0.183 ± 0.326 0.052 ± 0.068

Ur6 (ng/ml) 0.088 ± 0.430 0.593 ± 0.022 0.058 ± 0.013

nL-S (ng/ml) 0.029 ± 0.014 0.027 ± 0.012 0.024 ± 0.009

Url® (ng/ml) 0.473 ± 0.521 0.190 ± 0.081 0.175 ± 0.061

'['NlF-a (ng/ml) 0.020 ± 0.011 0.164 ± 0.009 0.007 ± 0.004

No significant difference was noted in the concentrations of IL-I, IL-6, IL-8, IL-lO and

TNF -a in the plasma samples obtained from the three groups of individuals as indicated by

the following statistical analysis:

IL-l

Since normality was violated a non-parametric Kruskal Wallis test was done to compare the

groups. A p-value of 0.245 was obtained showing that there was no significant difference

between the groups, as the p-value is not ± 0.05, where there is a significant difference.

IL-6, IL-8, IL-lO and TNF-a

For IL-6, IL-8, IL-lO and TNF -a, one- way Anova tests were carried out, where the p-

values are all greater than 0.05, showing a statistically insignificant difference. The p-values

are 0.136,0.776,0.152 and 0.006 respectively.
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3.2.41.2Coneentratien of IL- 1, IL-6, IlL-8, lIL-lO and 'fNJF-c nllD timesupernatant

The concentrations of IL-I, IL-6, IL-8, IL-lO and TNF-(1 were measured in the supernatant of

lymphocytes and neutrophils isolated from the three groups at 0 h, and at 2 h FBI exposure or

23 h OTA exposure. Five samples were randomly selected from each experimental group. The

results are represented in Figures 3.46 to 3.50.

The concentrations of IL-I, IL-6, IL-8 and TNF -(1either decreased or remained the same in the

supernatant of both lymphocytes and neutrophils after FBI and OTA exposure in all three

population groups i.e. healthy volunteers, oesophageal cancer patients and breast cancer

patients. A difference was observed in IL-I concentration present in the supernatant of

lymphocytes and neutrophils of breast cancer patients (Figure 3.46), and IL-6 concentration in

the supernatant of lymphocytes and neutrophils of healthy volunteers (Figure 3.47). For TNF-a

the detection limit may have been a factor that shows 0 in the cancer patient groups (Figure

3.50). Standard curve range between 0.25 and 0.10 (Appendix E) - below detectable limit.

Interleukin-IO concentration decreased in the supernatant of lymphocytes and neutrophils from

both the patient groups and increased in healthy volunteers particularly in the supernatant of

lymphocytes (Figure 3.49).

137



I
I
I Mean IL-1 concentration(ng/ml) in

supematent of lymphocytes
Mean IL-1 concentration(ng/m I) In

supernatent of neutrophils

I --~
Cl
S
ce

i
CDucoo

10

5

0 f---= ïl.

Cont FB1 OTA

gHealthy 0.136 0.073 0

oOesophageal 0.364 0.064 1.038

.Breast 7.674 2.946 0.304

I
I
I
I Mean IL-l concentration (ng/ml) in supernatant of lymphocytes andFig.3.46

neutrophils at time zero and at 2 h exposure to 25 ug/ml FBI exposure or 23 hI
exposure to 50 ug/ml OTA

I
I Mean IL-6 concentration(ng/ml) In

supernatent of neutrophlls
Mean IL-6 concentration(ng/m I) in

supernatent of lymphocytes --Ë
Cls
ce

~c
CDg Cont FB1 OTA
8 ~He--a-~-y--~--0-.0-5-1-+--0-.0-38--~0-.-03-7~

IJ Oesophageal 0.058 0.044 0.025

--~
Cl
S
ce
:;::I

~
CD
U
Ceo

I 0.1 ,...-----------------~0.4 ,....

0.2
..(

0 h. ~
Cont FB1 OTA

ID Healthy 0.378 0.044 0.038

o Oesophageal 0.057 0.049 0.046

• Breast 0.05 0.052 0.05

I o

I
I

• Breast 0.076 0.037 0.025

Mean IL-6 concentration (ng/ml) in supernatant of lymphocytes andFig.3.47I
neutrophils at time zero and at 2 h exposure to 25 ug/ml FBI exposure or 23 h

I exposure to 50 ug/ml OTA

I
I
I
I
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Mean IL-B concentration(ng/m I) in Mean IL-B concentration(ng/m I) in

supernatent of lymphocytes supernatent of neutrophils

- ËË
Cl 0.1 Cl 0.1
.s .s
c c
0

0
~ ~
I! I!... ...
c c 0
CD 0 CD
u Cont FB1 OTA u Cont FB1 OTA
c c
0 0
0 Healthy 0.013 0.011 0.011

0 Healthy 0.022 0.016 0.01

o Oesophageal 0.028 0.02 0.016 oOesophageal 0.024 0.013 0.013

• Breast 0.014 0.011 0.011 .Breast 0.02 0.012 0.011

Fig.3.48 Mean IL-8 concentration (ng/ml) in supernatant of lymphocytes and

neutrophils at time zero (Control) and at 2 h exposure to 25 ug/ml FBI

exposure or 23 h exposure to 50 ug/ml OTA

Mean IL-10 concentration(ng/ml) in
supernatent of lymphocytes

Mean IL-10 concentration(ng/ml) in
supernatent of neutrophils-

~ 0.2.s
c
0 0.1~
~c 0CDu Cont FB1 OTAc
0
0 Healthy 0.079 0.113 0.115

oOesophageal 0.11 0.083 0.06

.Breast 0.137 0.11 0.072

-Ë
Cl.s
co~
~c
CD
U
Coo

2

1 [1
0 --

Cont FB1 OTA
IeHealthy 0.085 0.103 1.141

oOesophageal 0.094 0.085 0.061

.Breast 0.119 0.103 0.093

Fig.3.49 Mean IL-lO concentration (ng/ml) in supernatant of lymphocytes and

neutrophils at time zero (Control) and at 2 h exposure to 25 ug/ml FBI

exposure or 23 h exposure to 50 ug/ml OTA
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Mean TNF-a concentration(ng/ml) in Mean TNF-a concentration(ng/ml) in

supernatent of lymphocytes supernatent of neutrophils

~ 0.0015
Ë 0.0015DI
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laHealthy 0.001 0.001 0 I.Healthy 0.001 0.001 0

COesophageal 0.001 0 0 COesophageal 0 0 0

.Breast 0.001 0 0 .Breast 0 0 0

I

I
I Fig.3.50 Mean TNF-a concentration (ng/ml) in supernatant of lymphocytes and

I neutrophils at time zero (Control) and at 2 h exposure to 25 ug/ml FBI

I
exposure or 23 h exposure to 50 ug/ml OTA
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Fumanisin BI and OTA exert adverse effects on humans, animals, and crops that result in

illnesses and economic losses. Thus, they represent examples of mycotoxins of greatest public

health and agro-economic significance. In particular, fumonisins (B 1 and B2) are cancer-

promoting metabolites of Fusarium proliferatum and F verticillioides, (formerly moniliforme)

that have a long-chain hydrocarbon unit (similar to that of sphingosine and sphinganine)

which plays a role in their toxicity (Wang et al., 1992). Fumanisin BI is the most toxic and

has been shown to promote tumour in rats (Gelderblom et al., 1988; Abel and Gelderblom,

1998) and cause equine leukoencephalomalacia (Marasas et al., 1988) and porcine pulmonary

oedema (Harrison et al., 1990). It is suggested that FBI exerts toxic effects due to its

structural analogy to sphingoid bases (Humpf et al., 1988). This mycotoxin is cytotoxic and

inhibits both protein and DNA synthesis. Moreover, it promotes oxidative stress, induces

DNA fragmentation and cell cycle arrest (Abado-Becognee et al., 1998; Abel and

Gelderblom, 1998; Mobio et al., 2000; Mobio et al., 2003). Although the pathologic and

toxic effects of FBI are well established, there is very little known about its effect on the

immune cells. The available data on immunotoxicity indicate that fumonisin-induced changes

in immune function are not species specific, and appear to involve aspects of humoral,

cellular and innate immunity (Bondy and Pestka, 2000).
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CHAPTER FOUR: DISCUSSION

Ochratoxins are metabolites of both Aspergillus and Penicillium species. These compounds

are known for their nephrotoxic effects in all animal species (Carlton and Tuite, 1977; Krogh

et al., 1974; Krogh, 1978; Lanza et al., 1980; Manning and Wyatt, 1984; Wannemacher et al.,

1991), and may promote tumours in humans (Krogh, 1992; Petkova-Bocharova et al., 1988;

Plestina, 1992). Ochratoxin A is a structural analogue of phenylalanine and contains a
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chlorinated dihydroisocoumarin moiety. It inhibits protein synthesis by competition with

phenylalanine in the reaction catalysed by phenylalanyl-t-RNA synthetase (Creppy et al.,

1979;). In addition to nephrotoxicity, ochratoxin A impairs blood coagulation (Galtier et al.,

1979; Gupta et al., 1979), glucose metabolism (Pitout, 1968), is immunosuppressive (Creppy

et al., 1983), teratogenic (Arora and Frolen, 1981; Mayura et al., 1984), genotoxic (Creppy et

al., 1985; Pfohl-Leszkowicz et al., 1991) and carcinogenic (Kanisawa and Suzuki, 1978;

NTP, 1989). It is a known renal and hepatic carcinogen in rodents and also induces oxidative

damage by enhancing lipid peroxidation (Omar et al., 1991). The toxicology of OTA has

been already reviewed (Boorman, 1989; DFG, 1990; Kuiper-Goodman, 1996; Petzinger and

Ziegler, 2000), but some recent developments should be considered. In man OTA exhibits

unusual toxicokinetics, with a half-life in blood of 840 h (35 days) after oral ingestion.

Homeostasis of the immune system is normally tightly regulated and any manipulation of this

system might be expected to have potentially undesirable side effects, both with respect to

cancer and other conditions. Suppression of innate immunity might decrease the ability to

fight established cancers, whereas suppression of adaptive immunity may decrease cancer

surveillance. Suppression of either arms of the immune system would be expected to increase

susceptibility to toxin-induced cancers. Enhancement of innate immunity may result in

chronic inflammation, which can lead to carcinogenesis. The modern Western diet, high in

processed foods and relatively low in fruit and vegetables, has been described as pro-

inflammatory and has been linked to the development of many cancers.
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Both the neutrophils and lymphocytes playa significant role as a line of defense against

invading organisms. If these cells were weakened by their exposure to toxins this may

subsequently render the host susceptible to disease and infection.
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Initial experiments were designed to determ ine the effect of the toxins on lymphocytes

and neutrophils from normal subjects. Subsequently, experiments were performed on cells

harvested from cancer patients. The effect was evaluated by measuring viability,

morphology, expression of cytokine receptors (CK, TNF and CSF) and cytokines (IL-I,

IL-6, IL-8, IL-lO and TNF-a).

4.1 Effect of FBI and OTA on cell viability of lymphocytes and neutrophils

The trypan blue dye exclusion test and the MTT cytotoxicity test were evaluated to establish

an assay procedure to measure viability of lymphocytes and neutrophils isolated from

volunteers exposed to varying concentrations of FB I and OTA. The Trypan blue dye

exclusion test was found to be a better test as it was easier to perform, and could also assist

in the determination of the extent of cellular damage by their appearance under the light

microscope, since live, healthy cells are usually round, refractile and relatively small when

compared to dead cells, which appear larger, crenated and non-refractile when in suspension

(Doyle and Griffiths, 1998). Results obtained with the MTT assay were comparatively

close to the counts achieved with the trypan blue dye exclusion test.

In our study there was a significant difference (p < 0.005) in cell viability with increasing

toxin concentrations. Similar findings were observed with FBI on the viability of human

lung adenocarcinoma cells and monkey kidney cells (Naicker, 2001). Whilst with a

concentration of 20 ug/rnl FBI exposure a cell viability of 65% after 2 h was obtained, at

30 ug/rnl the level of cell viability dropped considerably to 15% after 2 h. With 30 ug/rnl

OTA exposure for 2 h 100% of the cells remained viable. Short exposure (0 h) caused a less
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pronounced effect, close to that of the unexposed controls with both mycotoxins in all three

groups. A pronounced effect was seen after 2 hand 23 h incubation with 25 ug/ml FBI and 50

ug/rnl OTA respectively. This was an indication that toxicity is dependent on time and

dosage. Fumanisin B I and OTA are immunotoxic agents, but the rate of cell death by FB I was

2 h as compared to OTA, which was 23 h. The LDso for FBI was found to be 25 ug/ml FBI

following 2 h incubation at 37°C and the LDso for OTA was 50 ug/rnl OTA for 23 h at 37°C.

The findings from the viability studies clearly show that both FB I and OTA cause a reduction

in the number of lymphocytes and neutrophils in the immune system, irrespective of whether

or not carcinoma of the oesophagus was present. In all three experimental groups exposure to

25 ug/rnl FB I for 2 h resulted in an average reduction of 20% in the number of lymphocytes.

Neutrophils from oesophageal cancer patients, which were exposed to FBI had a average

reduction in survival rate of 22%, while that of non-oesophageal (breast) cancer patients was

23%. A drop of 21% in viable neutrophils from healthy individuals was recorded.

Blood cells were also incubated with 50 ug/ml OTA for periods of 0 hand 23 h. This

exposure resulted in an average reduction in viability of lymphocytes of 14% for oesophageal

cancer patients as compared to the 20% for breast cancer patients. Healthy individuals showed

a reduction of 24% in viability. The decline in viability of neutrophils was 15% for

oesophageal cancer patients and 19% for breast cancer patients. Healthy individuals had a

23% reduction in cell viability.

It was interesting to learn that the results of the viability studies were similar in all three

groups, especially where FBI was concerned. An explanation to this could be the fact that in

all three groups the lymphocytes and neutrophils were only given a flush incubation (0 time
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period) with the mycotoxins which resulted in a similar pattern in the reduction in viability.

As for extended incubation (2 hand 23h), this type of experiment could not shed light on

what happens over a long period of exposure (months or even years) to mycotoxins, as is the

case where oesophageal cancer develops. The experiment cannot be used as a repetition of

what happens during the etiology of the cancer, it can only serve to indicate whether or not

the cell numbers are affected, by flush or extended incubations with mycotoxins.

4.2 Effect of FBI and OTA on morphology of lymphocytes and neutrophils

Changes in morphology assessed by light microscopy and transmission electron

microscopy of lymphocytes and neutrophils exposed to FBI or OTA showed that cells

exposed to either FB I or OTA lost their shape, which could be a result of damage to the

cell membrane upon exposure to the toxin. These results were in keeping with results

obtained by Dombrink-Kurtzman et al. (1994).

The presence of a large number of dead cells under the light microscope was probably due

to the toxin causing cellular disintegration and possibly leakage of the contents to the

exterior. Transmission electron microscopy (TEM) was ideal for visualization of intra-

cellular structures. In this study TEM was used in order to assess the degree of cellular

damage upon exposure to 25 ug/rn I FB I incubation at 37°C for 2 hand 50 ug/ml OTA

exposure at 3rC for 23 h at 37°C. It has already been established that both neutrophils

and lymphocytes are primarily responsible for defense against invading organisms (Pestka

and Bondy, 1990). The human neutrophil is frequently implicated as a mediator of tissue

destructive events in inflammatory diseases. This study found that exposure to FBI toxin

and OTA resulted in injury to neutrophils. The extent of injury was similar in all three
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groups of individuals. This was illustrated by the results obtained via electron microscopy,

which gave a clear indication of a loss of cell membrane integrity and loss of cellular

organisation. The formation of a large number of vacuoles was also prevalent.

Lymphocytes also showed signs of cellular injury characterized by results obtained by

TEM, which demonstrated the presence of swollen mitochondria as well as autophagic

vesicles with enzymatic breakage of cellular structure deposits. It could be noted that the

common mechanism of action of FB] and OTA on both neutrophils and lymphocytes

included cytoplasmic vacuolization and nucleoplasm leakage. These observations were

similar to those obtained by (Dombrink-Kurtzman et al., 1994; Dwivedi et al., 1984). The

results of this study indicate that both the neutrophils and lymphocytes were susceptible to

cellular damage by FBI and OTA in all three population groups, illustrated by distinctive

morphological changes. This could consequently have negative effects on the immune

system as a whole and in turn may render the host susceptible to infections. These results

re-affirm the implications that FB] and OTA are immunosuppressive (Johnson et al., 2003;

Martinova and Merrill, 1995).

Morphological changes seen in lymphocytes and neutrophils exposed to FB] and OTA are

changes normally seen in dying cells. Pyknosis, karryorrhexis and cytoplasmic vacuolation

are seen in normal culture (Ghadially Feroze, 1984; 1985), and an increase in their incidence

reflects a cytotoxic effect of FB I and OTA resulting in cell death and a decrease in the

number of cells. Similar changes were observed by Odhav (1996) both in vitro and in vivo

in keratinocytes exposed to FB I. Tolleson et al. (1996) examined the effect of FB] on

keratonocytes, fibroblasts, oesophageal epithelial cells and hepatoma cells. The principle

effect of FB I on these cells was anti-proliferative, resulting from increased apoptotic cell
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death, as opposed to decreased cellular replication. Anti-proliferative of FBI have also been

reported in a panel of rat hepatome cell lines in culture (H4TG, H4-11-E, H4-11-E-C3, Fao,

MHIC1, McA-RH8994), LLC-PKI porcine kidney epithelial cells and MDCK canine

epithelial cells, with IC50 values ranging between 2.5 and 50 X 1O-6M FBI (Abbas et al.,

1993; Shier et al., 1991; Yoo et al., 1992).

Quereshi and Hagler (1992) reported significant cytotoxicity and morphological features

consistent with apoptosis, such as nuclear fragmentation and membrane blebbing, in primary

cultures of chicken peritoneal macrophages exposed to 2.8 X 10-6 M FBI for 2 to 4 h. This

observation suggests that FBI perhaps affects a common target in each of these cell types.

Ceramide synthesis represents an obvious target candidate based on observations that FBI

exposure results in accumulation of the sphingoid base substrate for that enzyme,

sphinganine and sphigosine (Schroeder et al., 1994; Yoo et al., 1992; Wang et al., 1991;

1992; Merril et al., 1993; Riley et al., 1994). Ceramide synthesis catalyses the formation of

dihydroceramide or eeramide from sphinganine and sphingosine and dihydroceramide and

eeramide levels have been shown to drop in FBI-treated cells (Harel and Futerman, 1993;

Riley et al., 1994).

Ultrasructural changes reported in the kidney and liver of 20-day-old broiler chicks fed OTA

included the presence of abnormally shaped mitochondria in the proximal convoluted

tubules, increase in size and number of mitochondral dense granules and cytoplasmic

peroxisomes, intranuclear and cytoplasmic lipid droplets and electron dense round bodies in

the dilated smooth endoplasmic reticulum. In some cases accumulation of cytoplasmic

glycogen and regional thickening and degeneration of the glomerular basement membrane

were observed (Dwivedi et al., 1984). The ultrastructural alterations in the kidney and liver
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were, in general, dose dependent being more pronounced at 4 ppm OTA than at 2 ppm.

Similar results were also seen in African green monkey kidney epithelial cell cultures after

24 hand 48 h exposure to ochratoxin (Engelbrecht and Purchase, 1969). Ochratoxin

produced a decrease in mitosis and fragmentation of the nucleolus, as well as non-specific

changes such as cytoplasmic vacuolation and pycnosis or karyorrhexis.

According to Maxwell and Burns (1987), OTA is more hepatotoxic in quail than in broilers,

as well as being nephrotoxic. Pathological changes observed in the kidneys were limited to

the proximal convoluted tubules (PCT) and glomeruli. In the PCT's abnormal mitochondria

and excessive numbers of lipid droplets were the principle findings with glomeruli showing

thickened basement membranes. Swollen mitochondria and variable glycogen deposits were

the chief features present in the livers.

4.3 Effect of FBI and OTA on cytokine receptors on lymphocytes and neutrophils

Cytokine receptors are located on the outer membranes of the lymphocytes and neutrophils.

Immunolabelling ofCK, TNF and CSF receptors were performed using cell preparations from

all three relevant groups. The light microscopy results (Figures 3.33 and 3.34) showed a

reduction in the labelling intensity of receptors, and therefore the number of receptors, on the

lymphocytes and neutrophils in all three groups after exposure to both mycotoxins. After

exposure to FBI (25 ug/rnl) for 2 hand OTA (50 ug/ml) for 23 h, the lymphocytes presented a

noticeable reduction in receptor immunolabelling intensity in contrast to those exposed to the

same doses of the two mycotoxins at 0 h. The same applied to the neutrophils exposed to

toxin at the various time intervals. As in the viability results, the immunolabelling results

confirmed that toxicity is time dependent.
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Further validation of the above with the electron microscopy, and a secondary antibody

tagged with an electron dense 10 nm gold colloid, clearly showed a reduction in three

receptors in the cancer patient groups as compared to receptors on neutrophils and

lymphocytes of non-cancerous subjects. One has to bear in mind that with the

immunocytochemical experiments, our objective was to localize the antigen, so structural

preservation was compromised during the fixation stage in order to preserve antigenicity.

Also, the blood cells were exposed to toxin for long periods before fixation, and hence the

structure of the labeled cells was severely affected. The immunolabelling results of exposure

of the lymphocytes and neutrophils to FB 1 (25 ug/ml) for 2 hand OTA (50 ug/ml) for 23 h

indicated a definite reduction in receptor numbers as compared to those at 0 h exposure.
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The scenario again - similar results for all three groups! A possible reason could be that since

cancer developed over a long period of toxin exposure, the receptors have also been exposed

over this similarly long period and the cell kinetics (alteration in the number of receptors) had

time to adjust to these conditions. Incubation with the mycotoxins reduced the number of

receptors on the lymphocytes and neutrophils in a similar manner in our three experimental

groups. As stated earlier, the experiment could only serve to indicate whether or not the

receptors were affected by incubation with 25 ug/ml FB 1 and 50 ug/ml OTA.

4.4 Effect of FBI and OTA on cytokines

There was no significant difference in basal levels of cytokines (IL-I, IL-6, IL-8, IL-lO

and TNF-a) in the plasma samples obtained from the three population groups, i.e. healthy

volunteers, oesophageal cancer patients and breast cancer patients. When lymphocytes and
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neutrophils isolated from the three groups of individuals were exposed 25 ug/ml FBI for 2

h or 50 ug/rnl OTA for 23 h, concentrations of IL-I, IL-6, IL-8 and TNF -u increased in

the supernatant. However, IL-lO levels were found to be increased in the supernatant of

healthy volunteers and decreased in the supernatant of oesophageal cancer patients and

breast cancer patients after exposure to both the toxins.
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CHAPTER FIVE: CONCLUSION AND FUTURE WORK

The results of this study showed that the mycotoxins, FBI and OTA, produced

immunomodulation of lymphocytes and neutrophils in a dose and time dependent mode. The

immunotoxic effects of FBI and OTA on lymphocytes and neutrophils are:

- decreased viability

- increased morphological damage

- decreased CSF, TNF, and CK receptors

- decreased lL-1, 1L-6, lL-8 and TNF-ex,concentrations

They, therefore, affect the functioning of the immune system i.e. they suppress the immune

response. Similar results were observed in weaners fed varying concentrations ofOTA for

varying times (Muller et al., 1999). The lymphocytes and neutrophils are involved in

antibody production and killing of these cells decrease their number and could possibly

indicate how the toxins escape immune surveillance and cause disease (Kowalczyk, 2002).

There is evidence of this suppression being excerbated in patients who have cancer. This

could be a mechanism that causes further proliferation of the cancer cells since the

homeostasis of the immune system in cancer patients is compromised. This supports a

model that shows that an interaction between the molecular and cell-signalling

mechanisms are involved in FBI and OTA toxicity.

Therefore, contam ination of food with these toxins can lead to impaired immune functions,

disorders of metabolism, decreased performance, and increased susceptibility to adverse

environmental influences.
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The mycotoxins FBI, and OTA should be considered for further immune toxicity studies, in

view of their toxicological significance and the gaps in our knowledge.

Recognizing the immune system's remarkable ability to defend the body against disease,

medical scientists have long dreamed of developing a new form of treatment for cancer -

immunotherapy (Dorsey et al., 2002; Senderowicz, 2001). The aim of cancer

immunotherapy is to bolster the immune system so that it is better able to combat cancer

cells. Currently, several forms of immunotherapy are being explored in research

laboratories and clinical trials. The majority of these approaches use natural biological

substances to activate the immune system (Muller et al., 2002). Researchers are able to

reproduce these natural substances outside the body through genetic engineering and

hybridoma techniques (Stripecke et al., 2002). The various forms of immunotherapy fall

into three main categories: immune response modifiers, monoclonal antibodies and

vaccines.

Immune response modifiers are substances, either extrinsic or intrinsic to the body, that

affect the immune response. One group of extrinsic modifiers is referred to as immune

potentiators. These include BCG, C. parvum and endotoxin, which are all microbes or

microbial products that have been shown to modify the immune response and, under

certain conditions, to cause tumours to regress or grow more slowly than usual.

The intrinsic group, known as biological response modifiers, includes lL-l and IL-2,

interferon (alpha, beta, and gamma), TNF, B-cell growth factors and haematopoietic



The interleukins activate the body's own lymphocytes to do their work. Interleukin-2 has

been found to be effective in some patients with melanoma or with renal cancer when it is

administered alone or with a patient's own lymphocytes that have been treated with IL-2

outside the body (Stritze et al., 2003; Verheyen et al., 2000). The interferons act on the

immune system by stimulating both T cells and macrophages. They also prevent cells from

multiplying. Scientists believe that these two properties together enable interferon to fight

some tumours effectively. Alpha interferon was the first FDA-approved biological

response modifier for the treatment of cancer (it is effective against a rare form of

leukemia).
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growth factors (such as CSF). These agents exert their influence at different stages of the

immune response (Jorkov et al., 2003).

Tumour necrosis factor directly attacks and kills tumour cells. Currently, it is being tested

alone and in conjunction with gamma interferon to determine its potential efficacy in the

treatment of human cancers. B-cell growth factors stimulate the multiplication of antibody-

producing cells. The haematopoietic growth factors step up the production of both red and

white blood cells in the bone marrow, thereby giving the body additional ammunition to

fight disease and protect itself against the suppressive effects on the bone marrow of

radiation and chemotherapy.
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Because immunotherapy uses biological substances to strengthen the body's own immune

system, it promises to be a more natural and better-targeted means of treating cancer than

radiation and chemotherapy. Moreover, immunological approaches, using the exquisite



Immunotherapies are expected to become a treatment option for cancers in various stages of

development (Nelson and Ballow, 2003). When a cancer is localized, the usual treatment is

either surgery or radiation or a combination of both. Once a cancer has spread, the primary

lesion is generally removed surgically, and radiation and chemotherapy are used to kill the

remaining cancer cells. Immunotherapy may one day eliminate the need for traditional

treatment in the incipient stages of cancer by preventing cells from forming a solid tumour.

As the cancer progresses, immunotherapy may take the place of radiation or chemotherapy

by stimulating the immune system to destroy cancer cells left behind after surgery (Ostanin

et al., 1997). In cases where radiation or chemotherapy is used, immunotherapies have the

potential to increase the efficacy of these two therapies and to lessen their toxic effects

(radiation and chemotherapy can damage the immune system itself, the blood-forming

system and other parts of the body).
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recognition capacity of the immune system, should allow physicians to detect cancer earlier,

which is an important advantage in controlling the disease.

155



156

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CHAPTER SEVEN: REFERENCES

Abado-Becognee, K., Mobio, T.K., Ennamany, R., Fleurat-Lessard, F., Shier, W.T.,

Badria, F. and Creppy, E.E. (1998). Cytotoxicity of fumonisin BI : implication of lipid

peroxidation ind inhibition of protein and DNA syntheses. Arch Toxicol, 72, pp. 233-236.

Abarca, M.L., Bragulat, M.R., Sastella, G. and Cabanes, F.J. (1994). Ochratoxin A

production by strains of Aspergillus niger var. niger. App! Environ Micobiol, 60, pp.

2650-2652.

Abbas, H.K., Gelderblom, W.C.A., Cawood, M.E. and Shier, W.T. (1993). Biological

activities of fumonisins, mycotoxins from Fusarium moniliforme, in jimsonweed (Datura

stramonium L.) and mammalian cell cultures. Toxicon, 31, pp. 345-353.

Abel, S. and Gelderblom, W.C.A. (1998). Oxidative damage and fumonisin Br.induced

toxicity in primary rat hepatocytes and rat liver in vivo. Toxicol, 131, pp. 120-131.

Adam, l.K., Odhav, B. and Bhoola K.D. (2003). Immune responses in cancer. Pharmaco!

Ther, 99, pp. 113-132.

Adler, H.L., McCurdy, M.A., Kattan, M.W., Time, T.L., Scardino, P.T. and Thompson,

T.C. (1999). Elevated levels of circulating interleukin-6 and transforming growth factor-

beta1 in patients with metastatic prostatic carcinoma. .l Urol, 61, pp 182-187.



Allan, N.C., Richards, S.M. and Shepherd, P.C. (1995). UK Medical Research Council

randomized, multicenter trial of interferon alfa 111 for chronic myeloid leukaemia:

improved survival irrespective of cytogenetic response. Lancet, 345, pp. 1392-1397.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Alberts, I.F., Gelderblom, W.C.A., Thiel, P.G., Marasas, W.F.O., Van Schalkwyk, DJ.

and Behrend, Y. (1993). Production of [14C] fumonisin BI by Fusarium moniliforme

MRC 826 in corn cultures. Appl Environ Microbiol, 56, pp. 1729-1733.

Aleo, M.D., Wyatt, R.D. and Schnellmann, R.G. (1991). Mitochondrial dysfunction is an

early event in ochratoxin A but not oosporein toxicity to rat renal proximal tubules.

Toxicol Appl Pharmacol, 107 (1), pp. 73-80.

Alley, M.C., Scudiero, D.A., Monks, A., Hursey, M.L., Czerwinski, MJ., Fine, D.L.,

Abbott, BJ., Mayo, lG., Shoemaker, R.H. and Boyd, M.R. (1988). Feasibility of drug

screening with panels of human tumour cell lines using a microculture tetrazolium assay.

Cancer Res, 48, pp. 589-601.

157

Arend, W.P. (1993). IL-l receptor antagonist. Adv lmmunol, 54, pp. 167-227.

Arend, W.P. and Dayer, lM. (1990). Cytokines and cytokine inhibitors or antagonists in

rheumatoid arthritis. Arthritis Rheum, 33 (3), pp. 305-315.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Arora, R.G. and Frolen, H. (1981). Interference of mycotoxins with prenatal development

of the mouse. Part 11. Ochtratoxin A induced teratogenic effects in relation to the dose

and stage of gestation. Acta Vet Scand, 22, pp. 535-552.

Atkins, M.B., Roberston, MJ., Gordon, M., Lotze, M.T., DeCoste, M., DuBois, J.S.,

Ritz, J., Sandler, A.B., Edington, H.D., Garzone, P.D., Mier, 1.W., Canning, c.u.,

Battiato, L., Tahara, H. and Sherman, M.L. (1997). Phase I evaluation of intravenous

recombinant human interleukin-12 in patients with advanced malignancies. Clin Cancer

Res, 3, pp. 409-417.

Atroshi, F., Biese.L, Saloniemi, H., Ali-Vehmas, T., Saari, S., Rizzo, A. and Veijalainen,

P. (2000). Significance of apoptosis and its relationship to antioxidants after ochratoxin A

administration in mice. J Pharm Pharmaceut Sci, 3 (3), pp. 1-15.

Atzpodien, 1., Hoffmann, R., Franzke, M., Stief, C., Wandert, T. and Reitz, M. (2002).

Thirteen-year, long-term efficacy of interferon 2alpha and interleukin 2-based home

therapy in patients with advanced renal cell carcinoma. Cancer, 95 (5), pp. 1045-1050.

Bacon, C.W. and Nelson, P.E. (1994). Fumonisin production in corn by toxigenic strains

of F. moniliforme and F proliferatum. J Food Protect, 57 (6), pp. 514-521.

158



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Baggiolini, M., Walz, A. and Kunkel, S. L. (1989). Neutrophil-activating peptide-

l/interleukin 8, a novel cytokine that activates neutrophils. J Clin Invest, 84, pp. 1045-

1049.

Baggiolini, M., Deward, B. and Moser, B. (1994). Interleukin-8 and related chemotactic

cytokines-CVC and CC chemokines. Adv Immunol, 55, pp. 97-179.

Basolo, F., Fiore, L., Pollina, L., Fontanini, G., Conaldi, P.G. and Toniolo, A. (1998).

Reduced expression of Interleukin-6 in undifferentiated thyroid carcinoma: in vitro and in

vivo studies. Clin Can Res, 4, pp. 381-387.

Bauer, I. (2004). [Are mycotoxins in food a health hazard?]. Abstract. Dtsch Tierarztl

Wochenschr, 111 (8), pp. 307-312.

Bayman, P., Baker, I.L., Doster, M.A., Michailides, T.I. and Mahoney, N.E. (2002).

Ochratoxin production by the Aspergillus ochraceus group and Aspergillus alliaceus.

Appl Environ Microbiol, 68, pp. 2326-2329.

Beardall, I.M. and Miller, I.D. (1994). Disease in humans with mycotoxins as possible

causes, pp. 487-539. In I.D. Miller and H.L.Trenholm (ed.), Mycotoxins in grains.

Compounds other than aflatoxin. Eagan Press, St. Paul, Minn.

159



160

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Beasley, V.R. (1984). The toxicokinetics and toxicodynamics of T-2 toxicosis in swine

and cattle PhD Diss Univ. Illinois, Urbana-Champain.

Bendele, A.M., Carlton, W.W., Krogh, P. and LiUehoj, E.B. (1985). Ochratoxin A

carcinogenesis in the (C57BL/61 X C3H) F1 mice. J Natl Cancer Ins, 75 (4), pp. 733-

742.

Bennett, I.W. and Klich, M. (2003). Mycotoxins. Clin Microbiol Rev, 16 (3), pp. 497-

516.

Berek, 1., Petri, l.B., Mesterhazy, Teren, 1. and Molnar, 1. (2001). Effects of mycotoxins

on human immune functions in vitro. Toxicol in vitro, 15, pp. 25-30.

Bermudez, A.I., Ledoux, D.R. and Rottinghaus, G.E. (1995). Effects of Fusarium

moniliforme culture material containing known levels of fumonisin BI in ducklings.

Avian Dis, 39, pp. 879-886.

Betina, V. (1989). Biological effects of mycotoxins, pp 42-46. In Mycotoxins: chemical,

biological and environmental aspects. Elsevier, New, York.

Bezuidenhout, S.C., Gelderblom, W.C.A., Gorst-Allman, C.P., Horak, R.M., Marasas,

W.F.O., Spiteller, G. and Vlegger, R. (1988). Structure elucidation of the fumonisins,

mycotoxins from Fusarium moniliforme. J Chem Soc Chem Commun, 19, pp. 743-745.



161

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Bhat, R.V., Shetty, P.H., Amruth, R.P. and Sudershsan, R.V. (1997). A foodborne

disease outbreak due to the consumption of mouldy sorghum and maize containing

fumonisin mycotoxins. Clin Toxicol, 35, pp. 249-255.

Bingle, L., Brown, N.J. and Lewis, e.E. (2002). The role of tumour-associated

macrophages in tumour progression: implications for new anticancer therapies. J Patho!,

196 (3), pp. 254-265.

Blackwell, B.A., Edwards, O.E., Fruchier, A., ApSimon, J.W. and Miller, J.D. (1996).

NMR structural studies of fumonisin B, and related compounds from Fusarium

moniliforme, pp. 75-91. In L. S. Jackson, J. W. DeVries" and L.B. Bullerman (ed.),

Fumonisins in Food. Plenum Press, New York, N.Y.

Blalock, J.E. and Smith, E.M. (1985). A complete regulatory loop between the immune

and neurondoerine systems. Fed Proc, 44, pp. 108.

Blaney, K.D. and Howard, P.R. (2000). Basic and applied concepts of

immunohaemato!ogy, USA, Mosby.

Bondy, G., Barker, M., Mueller, R., Fernie, S., Miller, J.D., Armstrong, C., Hierlihy,

S.L., Rowsell, P. and Suzuki, e. (1996). Fumonisin B, toxicity in male Sprague-Dawley



162

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

rats, pp. 251-264. In L. Jackson, lW. DeVreis, and L. B. Bullerman (eds.), Fumanisins

infood, New York: Plenum Press.

Bondy, G.S., Suzuki, C.A.M., Fernie, S.M., Armstrong, C.L., Hierlihy, S.L., Savard,

M.E. and Barker, M.G. (1997). Toxicity of fumonisin BI to B6C3FI mice: a 14-day

gavage study. Food Chem Toxicol, 35, pp. 981-989.

Bondy, G.S., Suzuki, C.A.M., Fernie, S.M., Armstrong, C.L. and Hierlihy, S.L. (1998).

Gavage administration of the fungal toxin fumonisin B I to female Sprague-Dawley rats. J

Toxicol Eviron Health, 53, pp. 135-151.

Bondy, G.S. and Pestka, JJ. (2000). Immunomodulation by fungal toxins. J Toxicol

Eviron Health, 3, pp. 109-143.

Boonchuvit, B. and Hamilton, P.B. (1975). Interaction of aflatoxin and paratyphoid

infections in broiler chickens. Poult Sci, 54, pp. 567.

Boonchuvit, B., Hamilton P.B. and Burmeister, H.R. (1975). Interaction ofT-2 toxin with

Salmonella infections of chickens. Poult Sci, 54, pp. 1693.

Boorman, G.A., Hong, H.L., Dieter, M.P., Hayes, H.T., Pohland, A.E., Stack, M. and

Luster, M.1. (1984). Myelotoxicity and macrophage alteration in mice exposed to

Ochratoxin A. Toxocol Appl Pharmacal, 72, pp. 304-312.



163

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Boorman, J. (1989). In Boorman, G. (Ed.), NTP Technical Report on the Toxicology and

Carcinogenesis studies of Ochratoxin A. NIH (Publication no. 89-2813), Research

Triangle Park, NC.

Borish, L.L. and Steinke, lW. (2003). Cytokines and chemokines. J Allergy Clin

lmmunol, 111 (2 Suppl), pp. S460-475.

Boyum, A. (1968). Isolation of mononuclear cells and granulocytes from human blood.

Scand J Clin Lab Invest, 21 (Suppl 97), pp. 77-89.

Brennan, F.M., Maini, R.N. and Feldmann, M. (1992). TNF-alpha-a pivotal role in

rheumatoid arthritis? Br J Rheumatol, 31, pp. 293-298.

Buening, G.M., Mann, D.D., Hook, B. and Osweiler, G.D. (1982). The effect ofT-2 toxin

on the bovine immune system: cellular factors. Vet Immun Immunopathol, 3, pp. 411.

Bukowski, R., Ernstoff, M.S., Gore, M.E., Nemunaitis, JJ., Amato, R., Gupta, S.K. and

Tendler, C.L. (2002). Pegylated interferon alfa-2b treatment for patients with solid

tumours: a phase IIll study. J Clin Oneol, 20 (18), pp. 3841-3849.

Bullerman, L.B. (1996). Occurrence of Fusarium and fumonisins on food grains and

corn-based foods. Adv Exp Med Biol, 392, pp. 27-38.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Bunge, 1., Heller, K. and Roschenthaler, R. (1979). Isolation and purification of

ochratoxin A. Z Lebensm Unters Forsch, 168, pp. 457-458.

Burns, R.P. and Dwivedi, P. (1986). The natural occurrence of ochratoxin A and its

effects in poultry. A review. Part II. Pathology and Immunology. World Poultry Sci, 42,

pp.48-62.

Candido, K.A., Shimizu, K., McLaughlin, I.C., Kunkel, R., Fuller, I.A., Redman, B.G.,

Thomas, E.K., Nickoloff, B.l. and Mule, JJ. (2001). Local administration of dendritic

cells inhibits established breast cancer tumour growth: implications for apoptosis-

inducing agents. Cancer Res, 61, pp. 228-236.

Capra, D., Janeway, C.A., Travers, P. and Walport, M. (1999). Immunobiology, the

immune system in health and disease (4th edition), USA, Garland Publishing.

Carlton, W.W. and Tuite, I. (1997). Metabolites of P. viridicatum toxicology, pp. 525-

541. In Rodericks, I.V., Hesseltine, C.W. and Mehlman, M.A. (Eds.), Mycotoxins in

Human and Animal Health. Pathtox, Park Forest South, IL.

Castegnaro, M., Barsch, H. and Chernozemsky, 1. (1987). Endemic nephropathy and

urinary tract tumours in the Balkans. Cancer Res, 47, pp. 3606-3609.

164



165

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Castegnaro, M., Mohr, U., Pfohl-Leszkowicz A., Esteve, 1., Steinmann, 1., Tillmann, T.,

Michelon, 1. and Bartsch, H. (1998). Sex- and strain-specific induction of renal tumours

by ochratoxin in rats DNA adduction. Int J Cancer, 77 (1), pp. 70-75.

Castegnaro, M., Bartsch, H., Tillmann, T. and Mohr, U. (2003). Ochratoxin study. Int J

Cancer, 105 (3), pp. 1083.

Chang, C.F. and Hamilton, P.B. (1979). Impaired Phagocytosis by heterophils from

chickens during aflatoxicosis. Toxicol Appl Pharmacal, 48, pp. 459.

Chang, CF. and Hamilton, P.B. (1980). Impairment of phagocytosis by heterophils from

chickens during ochratoxicosis. Appl Environ Microbial, 39, pp. 572.

Chang, C.F., Huff, W.E. and Hamilton, P.B. (1979). A leukocytopenia induced 111

chickens by dietary Ochratoxin A. Poult Sci, 58, pp. 555.

Chang, C.F., Doerr, 1.A. and Hamilton, P.B. (1981). Experimental ochratoxicosis 111

turkey poults. Paul Sci, 60, pp.114.

Chatterjee, D. and Mukherjee, S.K. (1994). Contamination of Indian maize with

fumonisin B, and its effect on chicken macrophage. Lett Appl Micobiol, 18, pp. 251-253.



Chen, B.W., Huang, H.I., Lee, Y.P., Chen, L.L., Liu, B.K., Cheng, M.L., Tsai, J.P., Tao,

M.B. and Ting, C.c. (2002). Linkage of CD40L to a self-tumor antigen enhances the

antitumor immune responses of dendritic cell-based treatment. Cancer lmmunol

lmmunother, 51 (6), pp. 341-348.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Chatterjee, D., Mukherjee, S.K. and Dey, A. (1995). Nuclear disintergration in chicken

peritoneal macrophages exposed to fumonisin BI from Indian maize. Lett Appl Micobiol,

20, pp. 184-185.

Chen, J.J.W., Yao, P.L., Yuang, A., Hong, T-M., Shun, C-T., Kuo, M-L., Lee, Y-C. and

Yang, P-C. (2003). Up regulation of tumour interleukin-8 expression by infiltrating

macrophages - lts correlation with tumour angiogenesis and patient survival in non-small

cell lung cancer. Clinical Cancer Res, 9, pp. 729-737.

Chu, F.S. (1974). Studies on Ochratoxins. CRC CrU Rev Toxicol, 2, pp 499-524.

166

Chu, F.S. and Li, G.Y. (1994). Simultaneous occurrence of fumonisin BI and other

mycotoxins in mouldy corn collected from the Peoples Republic of China in areas with

high incidences of oesophageal cancer. App! Environ Microbiol, 60 (3), pp.847-852.

Ciaoei-Zanella, J.R., Merrill, A.H. Jr., Wang, E. and Jones, C. (1998). Characterisation of

cell-cycle arrest by fumonisin BI in CV-1 cells. Food Chem Toxicol, 36, pp. 791-804.



167

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
II

Ciacci-Zanella, J.R. and Jones, C. (1999) Fumonisin BI, a mycotoxin contaminant of

cereal grains and inducer of apoptosis via the Tumour necrosis factor pathway and

caspase activation. Food Chern Toxicol, 37, pp.703-712.

Clark, E.A. and Ledbetter, lA. (1994). How Band T cells talk to each other. Nature,

367, pp. 425-428.

Clement, M.V., Legros-Maida, S., Israel-Biet, D., Carnot, F., Soulie, A., Reynaud, P.,

Guillet, J., Gandjbakch, 1. and Sasportes, M. (1994). Perforin and granzyme B expression

is associated with severe acute rejection. Evidence for insitu localisation in alveolar

lymphocytes of lung transplanted patients. Transplantation, 57, pp. 322-326.

Concova, E., Laciacova, A., Kovac, G. and Seidel, H. (2003). Fusarial toxins and their

role in animal diseases. Vet ,J, 165, pp. 214-220.

Cooray, R. (1984). Effects of some mycotoxins 011 mitogen-induced blastogenesis and

SCE frequency in human lymphocytes. Food Chern Toxicol, 22, pp. 529.

Cooray, R., Kiesssling, K.H. and Lindahl-Kiesslingk, K. (1982). The effects of patulin

and patulin-cystein mixtures on the DNA synthesis and the frequency of sisterchromatid

exchanges in human lymphocytes. Food Chern Toxicol, 20, pp. 893.



168

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Corrier, D.E. (1991). Mycotoxicosis: mechanisms of immunosuppression. Vet Immuno!

Immunopath, 30, pp. 73-87.

Creppy, E.E., Lugnier, A.A.l, Fasiolo, F., Heller, K., Roschenthaler, R. and Dirheimer,

G. (1979). In vitro inhibition of yeast phenylalanyl-tRNA synthetase by ochratoxin A.

Chem Bio! Interact, 24, pp. 257-261.

Creppy, E.E., Stormer, F.C., Roschenthaler, R. and Dirheimer, G. (1983). Effects of two

metabolites of ochratoxin A, [4R]-4-hydroxyochratoxin A and ochratoxin alpha, on the

immune response in mice. Infect Immuno!, 39, pp. 1015-10-18.

Creppy, E.E., Kane, A. and Dirheimer, G., Lafarge-Frayssinet, C., Mousset, S. and

Frayssinet, C. (1985). Genotoxicity of ochratoxin A in mice: DNA single-strand break

evaluation in spleen liver and kidney. Toxicol Lett, 28, pp. 29-35.

Creppy, E.E. (1999). Human ochratoxicosis. J Toxicol Toxin Rev, 18, pp. 277-293.

Creppy, E.E., Chiarappa, P., Baudrimont, I., Borracci, P., Moukha, S. and Carratu, M.R.

(2004). Synergistic effects of fumonisin BI and ochratoxin A: are in vitro cytotoxicity

data predictive of in vivo acute toxicity? Toxicol, 20 (1-3), pp. 115-123.



Dallman, M.I. (1995). Cytokines and transplantation: Thll Th2 regulation of the immune

response to solid organ transplants in the adult. Current Opin lmmunol, 7, pp. 632-638.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Cukrova, V., Kurita, N. and Akao, M. (1992). An early effect of Aflatoxin Bl

administered in vivo on the growth of bone marrow CFU-GM and the production of some

cytokines in rats. Mycopathologia, 120, pp. 113-119.

Davis, C.A. and Gillies, S.A. (2003). lmmunocytokines : amplification of anti-cancer

immunity. Cancer lmmunol lmmunother, 52 (5), pp. 297-308.

De Flora, S., Izzotti, A., Randerath, K., Randerath, E., Bartsch, H., Nair, 1., Balansky, R.,

van Schooten F., Degan, P., Fronza, G., Walsh, D. and Lewtas, 1. (1996). DNA adducts

and chronic degenerative disease. Pathogenetic relevance and implications in preventive

medicine. Mutat Res, 366 (3), pp. 197-238.

169

DFG, (1990). In Deutsche Forschnugsgemeinschaft Mitteilung XII der

Senatskommission zur Prufung von Lebensmittelzusatzund- inhaltsstoffen. Ochratoxin A.

VCH Verlagsgesellschaft, Weinheim.

Dinarello, C.A. (1994). The biological properties of interleukin-1. Eur Cytokine

Network,S, pp. 517-531.



170

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
II

Dinarello, C.A., Cannon, lG., Mier, lW., Bernheim, H. A., LoPreste, G., Lynn, D.l.,

Love, R.N., Weblo, A.C., Auron, P.E., Reuben, R.C., Rich, A., Wolff, S.M. and Putney,

S.C. (1986). Multiple biological activities of human recombinant interleukin-1. .J Clin

Invest, 77, pp. 1734-1739.

Dirheimer, G. and Creppy, E.E. (1991). Mechanism of action of ochratoxin A, pp. 171-

186. In Castegnaro, M., Plestina, R, Dirheimer, G., Chernozemsky, LN., Bartch, H.

(eds.), Mycotoxins, Endemic Nephropathy and Urinary Tract Tumours, International

Agency for Research on Cancer IARC, Lyon.

Dopp, E., Muller, L, Hahnel, C. and Schiffmann, D. (1999). Induction of genotoxic

effects and modulation of the intracellular calcium level in syrian hamster embryo (SHE)

fibroblasts caused by ochratoxin A. Food Chern Toxicol, 37 (7), pp. 713-721.

Dombrink-Kurtzman, M.A., Bennet, G.A. and Richard, lL. (1994). An optimised MTT

bioassay for determination of cytotoxicity of fumonisins in turkey lymphocytes . .J Assoc

Off Anal Chern Int, 77, pp. 512-516.

Dorsey, R., Kundu, N., Yang, Q., Tannenbaum, C.S., Sun, H., Hamilton, T.A. and

Fulton, A.M. (2002). Immunotherapy with Interleukin-10 depends on the CXC

Chemokines Inducible Protein-10 and Monokine Induced by IFN-y. Cancer Res, 62, pp.

2606-2610.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Dorval, T., Palangie, T., Jouve, M., Garcia-Giralt, E., Falcoff, E., Schwab, D., Lerminier,

M. and Pouillart, P. (1987). Treatment of metastatic melanoma with recombinant

interferon alfa-2b. Invest New Drugs, 5, pp. S61-S63.

Doyle, A. and Griffiths, J. (1998). Cell and tissue culture: Laboratory procedures. In

Biotechnology. John, Wiley and Sons, Ltd., Great Brittain, U.K.

Dranoff, G. (2002). GM-CSF-based cancer vaccines.lmmunal Rev, 188 (1), pp. 147-154.

Dugyala, R.R., Sharma, R.P., Tsunodo, M. and Riley, R.T. (1998). Tumour necrosis

factor as a contributor in fumonisun Bj-toxicity. J Pharmacal Exp Ther, 285, pp.317-324.

Dutton, M.F. and Kinsey, A. (1995). Occurrence of mycotoxins in cereals and animal

feed stuffs in Natal, South Africa in 1994. Mycopathologia, 131, pp. 31-36.

Dutton, M.F. (1996). Fumonisins, mycotoxins of increasing importance: Their nature and

their effects. Pharmacal Ther, 70, pp. 137-161.

Dwivedi, P., Burns, R.B. and Maxwell, M.H. (1984). Ultrastructural study of the liver

and kidney in ochratoxicosis A in young broiler chicks. Res in Vet Sci, 36, pp. 104-116.

171



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Ehrlich, V., Darroudi, F., Uhl, M., Steinkellner, H., Gann, M., Majer, BJ., Eisenbauer,

M. and Knasmuller, S. (2002). Genotoxic effects of ochratoxin A in human- derived

hepatoma (HepG2) cells. Food Chem Toxicol, 40 (8), 1085-1090.

El Aldouni, C., Pinelli, E., Azemar, B., Zaoui, D., Beaune, P. and Pfhol-Leszkowicz, A.

(2000). Phenobarbital increases DNA adduct and metabolites formed by ochratoxin A:

role of CYP 2C9 and microsomal glutathione-S-transferase. Environ Mol Mutagen, 35

(2), pp. 123-131.

Engelbrecht, lC. and Purchase, I.F.H. (1969). Changes in morphology of cell cultures

after treatment with aflatoxin and ochratoxin. S Afr Med J, 30, pp. 524-527.

Engelhardt, lA., Carlton, W.W. and Tuite, IF., (1989). Toxicity of Fusarium

moniliforme var. subglutinans for chicks, ducklings, and turkey Poults Avian Diseases,

33, pp. 357-360.

Escoula, L., Bourdiol, D., Linas, M.D., Recco, P. and Sequela, lP. (1988a). Enhancing

resistance and modulation of humoral immune response to experimental Candida

albicans infection by patulin. Mycopathologia, 103, pp. 153.

Escoula, L. Thomsen, M., Bourdiol, D., Pipy, B., Peuriere, S. and Roubinet, F. (1988b).

Patulin immmunotoxicology: effect on phagocyte activation and the cellular and humoral

immune system of mice and rabbits. Int J Immunopharmacol, 10, pp. 983.

172



Fink-Gremmels, 1. (1999). Mycotoxins: their implications for human and animal health.

Vet Q, 21, pp.115-120.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Espada, Y., Ruiz de Gopegui, R., Cuadradas, C. and Cabanes, FJ. (1997). Fumonisin

mycotoxicosis in broilers plasma proteins and coagulation modifications. Avian Diseases,

41, pp. 73-79.

Ferrante, M.C., Meli, R., Raso, G.M., Esposito, E., Severino, L., Di Carlo, G. and

Lucisano, A. (2002). Effect of fumonisin B I on structure and function of macrophage

plasma membrane. Toxicol Lett, 129, pp. 181-187.

Fink-Gremmels, 1., Jahn, A. and Blom, MJ. (1995). Toxicity and metabolism of

ochratoxin A. Nat Toxins, 3 (4), pp. 214-220.

Firestein, G.S. (1994). Rheumatoid arthritis: Rheumatoid synovitis and pannus, pp.

3.12.1-3.12.30. In 1. A. Klippel, P. A. Dieppe (eds.), Rheumatology, Mosby-Year Book,

Europe Limited.

173

Fischer, H.G., Frosch, S., Reske, K. and Reske-Kunz, A.B. (1988). Granulocyte

macrophage colony-stimulating factor activates macrophages derived from bone marrow

cultures to synthesis of MHC class II molecules and to augmented antigen presentation

function. J Immunol, 141, pp. 3883-3888.



174

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Foon, K.A., Maluish, A.E., Abrams, P.G., Wrightington, S., Stevenson, H.C., Alarif, A.,

Fer, M.F., Overton, W.R., Poole, M. and Schnipper, E.F. (1986). Recombinant leukocyte

A interferon therapy for advanced hairy cell leukaemia. Therapeutic and immunologic

results. Am JMed, 80, pp. 351-356.

Freshney, R.I. (1984). In Culture of animal cells, a manual of basic techniques. Wiley-

Liss, New York.

Friend, S.C.E., Hancock, D.S., Schiefer, H.B. and Babiuk, L.A. (1983). Experimental T-2

toxicosis in sheep. Can J Comp Med, 47, pp. 291.

Fukuda, H., Shima, H., Vesonder, R.F., Tokuda, 1-:1.,Nishino, H., Katoh, S., Sugimura, T.

and Nagao, M. (1996). Inhibition of protein serine/threonone phosphatases by fumonisin

Bl, a mycotoxin. Biochem Biophys Res Commun, 220 (1), pp.160-165.

Galea, H.R. and Cogne, M. (2002). GM-CSF and IL-12 production by malignant plasma

cells promotes cell-mediated immune responses against monoclonal 19 determinants in a

light chain myeloma model. Clin Exp lmmunol, 129 (2), pp. 247-253.

Galtier, P., Bonen, B., Charpenteau, 1.L., Bodin, G., Alvinerie, M. and More, 1. (1979).

Physiopathology of haemorrhagic syndrome related to ochratoxin A intoxication in rats.

Food Cosmet Toxicol, 17, pp. 49-53.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Gautier, I.C., Holzhaeuser, D., Markovic, I., Gremaud, E., Schilter, B. and Turesky, R.I.

(2001). Oxidative damage and stress response from ochratoxin A exposure in rats. Free

Radic Biol Med, 30 (10), pp. 1089-1098.

Gelderblom, W.C., Jaskiewics, K., Marasas, W.F., Thiel, P.G., Horak, R.M., Vleggaar, R.

and Kriek, N.P. (1988). Fumonisins-novel mycotoxins with cancer-promoting activity

produced by Fusarium moniliforme. Carcinogenesis, 54 (7), pp. 1806-1811.

Gelderblom, W.C.A., Kriek, N.P.J., Marasas, W.F.O. and Thiel, P.G. (1991). Toxicity

and carcinogenecity of the Fusarium monoliforme metabolite, fumonisin B I in rats.

Carcinogenesis, 12, pp. 1247-1251.

Gelderblom. W.C., Marasas, W.F., Vlegger, R., Thiel, P.G. and Cawood, M.E. (1992a).

Fumonisins: isolation, chemical characterization and biological effects. Mycopathologia,

117(1-2),pp.1l-16.

Gelderblom. W.C., Semple, E., Marasas, W.F. and Farber, E. (1992b). The cancer

initiating potential of the fumonisin B mycotoxin. Carcinogenesis, 13 (3), pp. 433-437.

175

Gelderblom, W.C., Snyman, S.D., van der Weshuisen, L. and Marasas, W.F. (1995).

Mitoinhibitory effect of fumonisin BI on rat hepatocytes in primary culture.

Carcinogenesis, 16 (3), pp. 625-631.



176

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Gelderblom, W.C., Snyman, S.D., Abel, S., Lebepe-Mazur, S., Smuts, C.M., van der

Weshuisen, L., Marasas, W.F., Victor T.C., Knasmuller, S. and Huber, W. (1996).

Hepatotoxicity and -carcinogenecity of the fumonisins in rats: A review regarding

mechanistic implications for establishing mechanism in humans. Appl Exp Med Bioi, 392,

pp. 279-296.

Ghadially Feroze, N. (1984). In Diagnostic Ultrastructural Pathology- A Self-evaluation

Manual. Butterworths, London, pp. 13-36.

Ghadially Feroze, N. (1985). In Diagnostic Electron Microscopy of Tumours.

Butterworths, London, pp. 25-61.

Giambrone, JJ., Ewert, D.L., Wyatt, R.D. and Edison, C.S. (1978). Effect of aflatoxin on

the humoral and cell-mediated immune system of the chicken. Am.J Vet Res, 39, pp. 305.

Gillman, l.G., Clark, T.N. and Manderville, R.A. (1999). Oxidation of ochratoxin A by

an Fe-porphyrin system: model for enzymatic activation and DNA cleavage. Chem Res

Toxicol, 12 (11), pp. 1066-1076.

Gough, MJ., Melcher, A.A., Ahmed, A., Crittenden, M.R., Riddle, D.S., Linardakis, E.,

Ruchatz, A.N., Emiliusen, L.M. and Vile, R.G. (2001). Macrophages orchestrate the

immune response to tumor cell death. Cancer Res, 61(19), pp. 7240-7247.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Gowans, I.L., McGregor, D., Collen, D.M. and Ford, C.E. (1962). Initiation of immune

response by small lymphocytes. Nature, 196, pp. 651-665.

Gri, G., Chiodoni, c., Gallo, E., Stoppacciaro, A., Liew, F.Y and Colombo, M.P. (2002).

Antitumor effect of interleukin (IL)-12 in the absence of endogenous IFN -gamma: a role

for intrinsic tumor immunogenicity and IL-15. Cancer Res, 62 (15), pp. 4390-4397.

Groopman, I.E., Molina, I.M. and Seadden, D.T. (1989). Hematopoietic growth factors.

N Engl JMed, 321, pp.1449-1459.

Grosse, Y, Baudrimont, 1., Castegnaro, M., Betbeder, A.M., Creppy, E.E., Dirheimer, G.

and Pfohl-Leszkowics, A. (1995). Formation of ochratoxin A metabolites and DNA-

adducts in monkey kidney cells. Chem Biol Interact, 95 (1-2), pp. 175-187.

Grosse, Y, Chekir-GhediraL., Hue, A., Obrecht-Pflumio S., Dirheimer, G., Bacha, H.

and Pfohl-Leszkowics, A. (1997). Retinol, ascorbic acid and alpha-tocopherol prevent

DNA adduct formation in mice treated with the mycotoxins ochratoxin A and

zearalenone. Cancer Lett, 114 (1-2), pp. 225-229.

Gupta, M., Bandyyopaddhyay, S., Paul, B. and Majumder, S.K. (1979). Haematological

changes produced in mice by ochratoxin A. Toxicol, 14, pp. 95-98.

177



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Gupta, S. and Kanodia, A.K. (2002). Biological response modifiers in cancer therapy.

Natl Med .l India, 15 (4), pp. 202-207.

Hanelt, M., Garies, M. and Kollarczik, B. (1994). Cytotoxicty of mycotoxins evaluated

by the MTT cell culture assay. Mycopathologia, 128, pp. 167-174.

Hamilton, P.B., Huff, W.E., Harris, lR. and Wyatt, R.D. (1982). Natural occurrences of

ochratoxicosis in poultry. Poul Sci, 61, pp. 1832-1836.

Hard, G.c. (1998). Mechanism of chemically induced renal carcinogenesis lil the

laboratory rodent. Toxicol Pathol, 26 (1), pp. 104-112.

Harrison, L.R., Colvin, B.M., Greene, IT., Newman, L.E. and Cole, lR., Jr. (1990).

Pulmonary oedema and hydrothorax in swine produced by fumonisin BI, a toxic

metabolite of Fusarium moniliforme. J Vet Diag Invest, 2, pp. 217-221.

178

Harel, R. and Futerman, A.H. (1993). Inhibition of sphingolipid synthesis affects axonal

outgrowth in cultured hippocampal neurons. J Biol Chem, 268, pp. 14476-14481.

Harvey, R.B., Elissalde, M.H., Kubena, L.F., Weaver, E.A., Corrier, P.E. and Clement,

B.A. (1992). Immunotoxicity of Ochratoxin A to growing gilts. Am J Vet Res, 53, pp.

1966-1970.



179

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Harvey, R.B., Edrington, T.S., Kubena, L.F., Elissable, M.H., Casper, H.H., Rottinghaus,

G.E. and Turk, J.R. (1996). Effects of dietary fumonisin Bl - containing culture material,

deoxynivalend - contaminated wheat or their combination on growing barrows. Am J Vet

Res, 57, pp. 1790-1794.

Hatori, Y., Sharma, R.P. and Warren, R.P. (1991). Resistance of C57B/6 mice to

immunosuppressive effects of aflatoxin B I and the relationship with neuroendocrine

mechanisms. Immunopharmacol, 22, pp. 127.

Haubeck, H.D., Lorkowski, G., Kolsch, E. and Roschenthaler, R. (1981). Immuno-

suppression by ochratoxin A and its prevention by phenylalanine. Appl Environ

Microbiol, 41, pp.l041-1042.

Hayashi, M., Rho, M.e., Enomoto, A., Nonaka, S., Sekigushi, Y., Yamashita, A.,

Nogawa, T., Kamano, Y. and Komiyama, K. (2002). Biological activity of a novel

nonpeptide antagonist to the interleukin-6 receptor 20S,21-epoxy-resibufogenin-3-

formate. J Pharmacol Exp Ther, 303 (1), pp. 104-109.

Heidenreich, S., Gong, J.H., Schmidt, A., Nain, M. and Gemsa, D. (1989). Macrophage

activation by granulocyte/macrophage colony stimulating factor. Priming for enhanced

release of tumour necrosis factor-alpha and prostaglandin E2. J Immunol, 143, pp.1198-

1205.



Hendricks, K. (1999). Fumonisins and neural tube defects in south Texas. Epidemiol, 10,

pp. 198-200.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Henderson, B., Wilson, M., McNab, R. and Lax, A.J. (2000). In Cellular Microbiology:

Bacteria- Host Interactions in Health and Disease. UK: John Wiley and Sons.

Hendricks, K.A., Sipson, lS. and Larsen, R.D. (1999). Neural tube defects along the

Texas-Mexico border, 1993-1995. Am J Epidemiol, 1491, pp. 1119-1127.

Hoehier, D., Marquardt, R.R., McIntosh, R. and Xiao, H. (1996). Free radical generation

as induced by ochratoxin A and its analogs in bacteria (Bacillus brevis). J Biol Chem, 271

(44), pp. 27388-27394.

Hoehler, D., Marquardt, R.R., McIntosh, A.R. and Hatch, G.M. (1997). Induction of free

radicals in hepatocytes, mitochondria and micro somes of rats by ochratoxin A and its

analogs. Biochim Biophys Acta, 1357 (2), pp. 225-233.

Hoerr, F.J. and D' Andrea, G.H. (1983). Biological effects of aflatoxin in swine, pp. 54.

In U.L. Diener, R.L.Asquith, and lW. Dickens, (eds.), Aflatoxin and Aspergillusflavus

in corn. Craftmaster Printer Inc., Opelika, AL.

Hoerr, F.J., Carlton, W.W., Yagen, B. and Joffe, A.Z. (1982a). Mycotoxicosis caused by

either T-2 toxin or diacetoxyscirpenol in the diet of broiler chickens. Fund Appl Toxicol,

2,pp.121.

180



181

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Hoerr, F.I., Cartlon, W.W., Yagen, B. and Joffe, A.Z. (1982b). Mycotoxicosis produced

in broiler chickens by multiple doses of either T-2 toxin or diacetoxyscirpenol. Avian

Pathol, 11, pp. 369.

Howard, P.C., Eppley, R.M., Stack, M.E., Warbritton, A., Voss, K.A., Lorentzen, R.I.,

Kovach, R.M. and Bucci, T.I. (2001). Fumonisin BI carcinigenecity in a two-year feeding

study using F344 rats and B6C3F I mice. Environ Health Perspect, 109 (Suppl. 2), pp.

309-314.

Huang, C., Dickman, M., Henderson G. and Jones, C. (1995). Repression of protein

kinase C and stimulation of cyclic AMP response elements by fumonisin, a fungal

encoded toxin which is a carcinogen. Cancer Res, 55(8), pp. 1655-1659.

Huang, S., Xie, K., Bucana, C.D., Ullrich, S.E. and Bar-Eli, M. (1996). Interleukin 10

suppresses tumour growth and metastasis of human melanoma cells: potential inhibition

of angiogenesis. Clin Cancer Res, 2, pp. 1969-1979.

Hughes, B.I., Taylor, M.I. and Sharma, R.M. (1988). Effects of verrucarin A and roridin

A, macrocyclic trichothecene mycotoxins, on the munne immune system.

Immunopharmacol, 16, pp. 79.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Hughes,B.I., Hsieh, G.C., Javis, B.B. and Sharma, R.P. (1989). Effects of macrocyclic

trichothecene mycotoxins on the murine immune system. Arch Environ Contam Toxicol,

18, pp. 388.

Hughes, B.I., Javis, B.B. and Sharma, R.P. (1990). Effects of macrocyclic trichothecene

congeners on the viability and mitogenesis of murine splenis lymphocytes. Toxica! Lett,

50, pp. 57.

Hult, K., Piestina, R., Habazin-Novak, V., Radic, B. and Ceovic, S. (1982). Ochratoxin A

in human blood and Balkan endemic nephropathy. Arch Toxicol, 51, pp. 313.

Humpf, H.U., Schmelz, E.M., Filmore, F.I., Vesper, H., Vales, T.R., Wang, E.,

Menaldino, D.S., Lotta, D.C. and Merrill Jr., A.H. (1988). Acylation of naturally

occurring and synthetic 1-deoxysphinganines by eeramide synthase. J Bio! Chern, 273,

pp. 19060-19064.

Jackson, L.S., Katta, S.K., Fingerhut, D.D., De Vries r.w., Bullerman, L.B. (1996).

Effects of Baking and Frying on the Fumonisin B I Content of Corn- based Foods. Agric.

Food Chern, 45, pp. 4800- 4805.

Jacobsen, B.I., Bowen, K.L., Shelby, R.A., Diener, U.L. and Kemppainen, B.W. (1993).

In Mycotoxins and mycotoxicosis, Circular ANR-767.

182



Johnson, V.J., He, Q., Kim, S.H., Kant, A. and Sharma, R.P. (2003). Increased

susceptibility of renal epithelial cells to TNF alpha induced apoptosis following treatment

with fumonisin Bl. Chem Biol Interact, 145 (3), pp. 297-309.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Javed, T., Dombrink-Kurtzman, M.A., Richard, J.L., Bennet, G.A., Cote, L.M. and Buck

W.B. (1995). Serohematologic alterations in broiler chicks on feeds amended with

Fusarium proliferatum culture material or fumonisin Bl and moniliformin. J Vet Diag

Invest, 74, pp. 520-526.

Jelinek, C.P.A., Pohland, E. and Wood, G.E. (1989). Worldwide occurrence of

mycotoxins in food and feeds, an update. J Assoc Off Anal Chem, 72, pp. 223-247.

Jonsyn-Ellis, F.E. (2000). Seasonal variation in exposure frequency and concentration

levels of aflatoxins and ochratoxins in urine samples of boys and girls. Mycopathologia,

152, pp.35-40.

Jorkov, A.S., Donskov, F., Steiniche, T., Ternesten-Bratel, A., Naredi, P., HeUstrand, K.

and Hokland, M. (2003). Immune response in blood and tumour tissue in patients with

metastatic malignant melanoma treated with IL-2, IFN-alpha and histamine

dihydrochloride. Anticancer Res, 23(1B), pp. 537-542.

183

Kanisawa, M. and Suzuki, S. (1978). Induction of renal and hepatic tumours in mice by

ochratoxin A, a mycotoxin. Gann, 69, pp. 599-600.



184

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Kirkwood, I.M., Strawderman, M.H., Ernstoff, M.S., Smith, T.J., Borden, E.C. and

Blum, R.H. (1996). Interferon alfa-2b adjuvant therapy of high-risk resected cutaneous

melanoma: the Eastern Cooperative Oncology Group Trial EST 1684. J Clin Oneal, 14,

pp.7-17.

Kirkwood, I.M., Ibrahim, I.G., Sondak, V.K., Richards, I., Flaherty, L.E., Ernstoff, M.S.,

Smith, T.I., Rao, u., Steele, M. and Blum, R.H.(2000). High and low-dose interferon

alfa-2b in high-risk melanoma: first analysis of inter-group trial EI690/S91111C9190. J

Clin Oneal, 18, pp. 2444-2458.

Kirkwood, I.M., Ibrahim, I.G., Sosman, I.A., Sondak, V.K., Agarwala, S.S., Ernstoff,

M.S. and Rao, U. (2001). High-dose interferon alfa-2b significantly prolongs relapse-free

and overall survival compared with GM2-KLI-I/QS-21 vaccine in patients with resected

stage lIB-III melanoma: results of an inter-group trial E 1694/S9512/C50980 1. J Clin

Oneal, 19, pp. 2370-2380.

Kovacs, M. (2004). Nutrional health aspects of mycotoxins. Orv Hetil, 145 (34), pp.

1739-1746.

Kowalczyk, D.W. (2002). Tumours and the danger model. Acta Biochim Pol, 49 (2), pp.

295-302.



185

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Krogh, P. (1978). Causal association of mycotoxic nephropathy. Acta Pathol Micobiol

Scand, 269, pp. 1-28.

Krogh, P. (1987). Ochratoxins in foods, pp. 97-110. In P. Krogh (ed.), Mycotoxins in

food. Academic Press, London, United Kingdom.

Krogh, P. (1992). Role of ochratoxin A in disease causation. Food Chern Toxicol, 30, pp.

213-224.

Krogh, P., Hald, B. and Pederson, E.I. (1973). Occurrence of ochratoxin A and citrinin in

cereals associated with mycotoxic porcine nephropathy. Acta Pathol Micobiol Scand Sect

B Micobiol, 81, pp. 689-695.

Krogh, P., Axalsen, N.H., Elling, F., Gyard-Hansen, N., Hald, B., Hyldgaard-Jensen, 1.,

Larsen, A.E., Madsen, A., Mortesen, H.P., Moller, T., Peterson, O.K., Ravnkov, u.,

Rostgaard, M. and Aalund, O. (1974). Experimental porcine nephropathy changes of

renal function and structure induced by ochratoxin A-contaminated feed. Acta Path

Microbiol Scand, A 246 (suppl), pp. 21.

Kuiper-Goodman, T. and Scott, P.M. (1989). Risk assessment of the mycotoxin

ochratoxin A. Biomed Environ Sci, 2, pp. 179-248.



186

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Kuiper-Goodman, T., Scott, P.M., McEwen, N.P. and Lombaert, G.A. (1996).

Approaches to the risk assessment of fumonisins in corn-based foods in Canada. Adv Exp

Med BioI, 392, pp. 369-393.

Kurzrock, R., Redman, 1., CabanilIas, F., Jones, D., Rothberg, J. and Talpaz, M. (1993).

Serum interleukin-6 levels are elevated in lymphoma patients and correlate with survival

in advanced Hodgkin's diseaseand with B symptoms. Cancer Res, 53, pp. 2118-2122.

Lanza, G.M. Washburn, K.W. and Wyatt, R.D. (1980). Variation with age in response of

broilers to aflatoxin. Poult Sci, 59, pp. 282-288.

Lea, T., Steien, K. and Stormer, F.C. (1989). Mechanism of ochratoxin A induced

immunosuppression. Mycopathologia, 107, pp.153-159.

Ledoux, D.R., Brown, T.P., Weibking, T.S. and Rottinghaus, G.E. (1992). Fumonisin BI

is fetotoxic in rats. J Vet Diagn Invest, 4, pp. 330-333.

Leslie, J.F., Pearson,C.H.A.S., Nelson, P.E. and Toussoun T.A. (1990). Fusarium spp.

from corn, sorghum and Soybean Fields in the Central and Eastern United States.

Phytopathology, 80, pp. 334-350.

Liu, D. (1981). A rapid biochemical test for measuring toxicity. Bul! Environ Contam

Toxicol, 26, pp.145-149.



187

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Liu, S., Yang, H. and Liang, C. (2002). combined IL-2 and IL-12 gene therapy for

murine head and neck squamous cell carcinoma. Zhonghua Zhong Du Za Zhi, 24 (4), pp.

323-326.

Lock, E.A. and Hard, G.C. (2004). Chemically induced renal tubule tumours in the

laboratory rat and mouse: review of the NCIINTP database and categorisation of renal

carcinogens based on mechanistic information. CrU Rev Toxicol, 34 (3), pp. 211-299.

Lohr. F., Lo, D.Y., Zaharoff, D.A., Hu, K., Zhang, x., Li, Y., Zhao, Y., Dewhirst, M.W.,

Yuan, F. and Li, C.Y. (2001). Effective tumour therapy with plasmid-encoded cytokines

combined with in vivo electroporation. Cancer Res, 61 (8), pp. 3281-3284.

Lorenzo, lA. (1991). The role of cytokines in the regulation of local bone resorption.

Cri! Rev lmmunol, 11, pp. 195-213.

Luster, M.I., Germolec, D.R., Burleson G.R., Jameson, C.W., Ackerman, M. F., Lamm.,

K.R. and Hayes, H. T. (1987). Selective Immunosuppression in Mice of Natural Killer

Activity by Ochratoxin A. Cancer Res, 47, pp. 2259-2263.

Mally, A., Zepnik, H., Wanek, P., Eder, E., Dingley, K., Ihmels, H., Volkel, W. and

Dekant, W. (2004). Ochratoxin A: lack of formation of covalent DNA adducts. Chem Res

Toxicol, 17 (2), pp. 234-242.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Mann, D.D., Buening, G.M., Osweiler, G.D. and Hook, B.S. (1984). Effects of

subclinical levels of T-2 toxin on the bovine cellular immune system. Can J Comp Med,

48, pp. 308.

Manning, R.O. and Wyatt, R.D. (1984). Toxicity of Aspergillus ochraceus contaminated

wheat and different chemical forms of ochratoxin A in broiler chicks. Poult Sci, 63, pp.

458-465.

Marasas, W.F. (1993). Occurrence of Fusarium moniliforme and fumonisins in maize in

relation to human health. SAfr Med J, 83 (60), pp. 382-383.

Marasas, W.F. (1995). Fumonisins: their implications for human and animal health. Nat

Toxins, 3 (4), pp. 193-198.

Marasas, W.F. (1996). Fumonisins: history, world-wide occurrence and impact. Adv Exp

Med Bioi, 392, pp. 1-17.

Marasas, W.F.O., Wehner, F.e., van Rensburg, SJ. and van Schalkwyk, D.I. (1981).

Mycoflora of corn produced in human oesophageal cancer areas in Transkei, South

Africa. Phytopathology, 71, pp. 792-796.

188



189

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Marasas, W.F.O., Kellerman, T.S., Gelderblom, W.C.A., Coetze, lA.W., Thiel, P.G. and

van der Lugt, J.J. (1988). Leukoencephalomalacia in a horse induced by fumonisin BI

isolated from Fusarium moniliforme. Onderstepoort J Vet Res, 55, pp. 197-203.

Marasas, W.F.O., Miller, lD., Rilet, R.T. and Visconti, A. (2001). Fumonisins-

occurrence, toxicology, metabolism and risk assessment. pp. 332-359. In B.A.

Summerell, IF. Leslie, D. Backhouse, W.L. Bryden and L.W. Burgess (ed.), Fusarium.

Paul E. Nelson Memorial Symposium. APS Press, St. Paul, Minn.

Martinez-Escribano, lA., Moya-Quiles, M.R., Muro, M., Mentes-Ares, 0., Hernandez-

Caselles, T., Frias, IF. and Alvarez-Lopez, M.R. (2002). Interleukin-l0, interleukin-6,

and interferon-gamma gene polymorphisms in melonoma patients. Melanoma Res, 12

(5), pp. 465-469.

Martinova, E.A. and Merrill, A.H. Jr. (1995). Fumonisin BI alters sphingolipid

metabolism and immune function in BALBIc mice: Immunological responses to

fumonisin BI.Mycopathologia, 130, pp. 163-170.

Martinova, E.A., Solovev, A.S., Rhenov, A.V., Zabotina, T.N. and Alesenfo, A.V.

(1995). Fumonisin B I modulates sphingomyelin cycle product levels and the expression

ofCD3 receptors in immunocompetent organs. Biochemistry-Moscow, 60, pp. 461-465.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Marquardt, R.R. and Frohlich, A.A. (1992). A review of recent advances 111

understanding ochratoxicosis. JAnim Sci, 70, pp. 3968-3988.

Mason, D.W. (1987). Subpopulations ofT lymphocytes. lmmunol Lett, 4, pp. 269-270.

Mason, D. W. (1988). The role of T cell subpopulations in allograft rejection. Transplant

Proe, 20, pp. 239-242.

Mason, D.W. and Morris, P.J. (1986). Effector mechanisms in allograft rejection. Ann

Rev of lmmunol, 4, pp. 119-145.

Maxwell, M.H. and Burns, R.B. (1987). Ultrastructural study of ochratoxicosis in quail

(Coturnix coturnixjaponica}. Res in Vet Sci, 42, pp. 228-231.

Mayura, K., Parker, R., Berndt, W.O. and Phillips, T.D. (1984). Ochratoxin A-induced

teratogenesis in rats: partial protection by phenylalanine. Appl Environ Microbiol, 48, pp

1186-1188.

Meisner, H. and Meisner, P. (1981). Ochratoxin A, an inhibitor of renal

phosphoenolpyruvate carboxylase. Arch Biochem Biophys, 208, pp. 156-151.

Merrill, A.H., Wang, E., Gilchrist, D.G. and Riley, R.T. (1993). Fumonisins and other

inhibitors of de novo sphingolipid biosynthesis, pp. 215-234. In Advances in lipid

research. Academic Press, New York, N Y. Vol. 26.

190



191

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Michael, G.Y., Thaxton, P. and Hamilton, P.B. (1973). Impairment of the

reticuloendothelial system of chickens during aflatoxicosis. Poult Sci, 52, pp. 1206.

Miller, D.M., Stuart, B.P., Crowel, W.A., Cole, R.I., Goven, A.I. and Brown, I. (1978).

Aflatoxicosis in swine: its effects on immunity and relationship to Salmonellosis. Am

Assoc Vet Lab Diagn, 21, pp. 135.

Minter, R.M., Rectenwald, I.E., Fukuzuka, K., Tannahill, c.i., La Face, D, Tsai, V.,

Ahmed, I., Hutchins, E., Moyer, R., Copeland, E.M. and Moldawer, L.L. (2000). TNF-

alpha receptor signalling and IL-l 0 gene therapy regulate the innate and humoral immune

responses to recombinant adenovirus in the lung. J Immunol, 164 (1), pp. 443-451.

Missmer, S., Hendricks, K.A., Suarez, L, Larsen, R.D. and Rothman, 1.1. (2002).

Fumonisins and neural tube defects. Epidemiology, 11, pp. 183-184.

Mobio, T.A., Baudrimont, I., Sanni, A., Shier, T.W., Saboureau, D., Dano, S.Y., Steyn,

P.S. and Creppy, E.E. (2000). Prevention by vitamin E of DNA fragmentation and

apoptosis induced by fumonisin Bl in C6 glioma cells. Arch Toxicol, 74 (2), pp. 112-119.

Mobio, T.A., Tavan, E., Baudrimont, I., Anane, R., Carratu, M.R., Sanni, A., Gbeassor,

F., Shier, T. W., Narbonne, I.F. and Creppy, E.E. (2003). Comparative study of the toxic

effects of fumonisin Bl in rat C6 glioma cells and p53-null mouse embryo fibroblasts.

Toxicol, 183, pp. 65-75.



Studies of the influence of ochratoxin A on immune and defence reactions in weaners.

Mycosis, 42, pp. 495-505.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Mossman, T. (1983). Rapid calorimetric assay for Cellular Growth and Survival:

Application to Proliferation and Cytotoxicity Assays. J lmmunol Method, 65, pp. 55-63.

Muller, G., Kielstein, P., Rosner, H., Berndt, A., Heller, M. and Kohler, H. (1995).

Studies of the influence of ochratoxin A on immune and defence reactions in the mouse

model. Mycosis, 38, pp. 85-91.

Muller, G., Kielstein, P., Rosner, H., Berndt, A., Heller, M. and Kohler, H. (1999).

Muller, G., Hopkin, U.E., Stein, H. and Lipp.M. (2002). Systemic immunoregulatory and

pathogenic functions of homeostatic chemokine receptors. J Leukoc Biol, 72 (1), pp. 1-8.

Muller, L. and Pawelec, G. (2003). Cytokines and antitumour immunity. Technol Cancer

Res Treat, 2 (3), pp. 183-194.

Murray, T., Jermal, A., Thomas, A. and Thun, M. (2002). Cancer statistics. CA Cancer J

Clin, 52, pp. 23-47.

192

Myburg, R.B. (1998). Immunolocalization of Fumonisin Bl in Cancerous Oesophageal

Tissue and The Cytotoxic Evaluation of This Metabolite on Cultured Cells. M Med Sc,

thesis, University of Natal, Durban.



Nakamura, M., Iwahashi, M., Nakamori, M., Ueda, K., Matsuura, 1., Noguchi, K. and

Yamaue, H. (2002). Dendritic cells genetically engineered to simultaneously express

endogenous tumour antigen and granulocyte macrophage colony-stimulating factor elicit

potent therapeutic antitumour immunity. Clin Can Res, 8, pp. 2742-2749.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Naglieri, E., Lopez, M., Lelli, G., Morelli, F., Amodio, A., Di Tonno, P., Gebbia, N., Di

Seri, M., Chetri, M. C., Rizzo, P., Abbate, 1., Casamassima, A., Selvaggi, F. P. and

Colucci, G. (2002). Interleukin-2, interferon-alpha and medroxyprogesterone acetate in

metastatic renal cell carcinoma. Anticancer Res, 22 (5), pp. 3045-3051.

Naicker, S. (2001). Incidence and characteristics of Fusarium species from mycotic

keratitis infection. M Tech Biotechnology Thesis. M L Sultan Technikon.

Nelson, R.P.Jr. and Ballow, M. (2003). lmmunomodulation and immunotherapy: drugs,

cytokine receptors, and antibodies. Allergy Clin Immunol, 111 (2 Suppl), pp. S720-743.

193

Nicklin, M.J.H., Weith, A. and Duff, G.W. (1994). A physical map of the region

encompassing the human interleukin-l u, interleukin-IB, and interleukin-l receptor

antagonist genes. Genomies. 19, pp. 382-384.

Nijs, M., Egmon, H.P., Jong, W.H.and Loveren, H. (1999). Immunosuppressive effects of

fumonisin effects of fumonisin BI Trchinella spiralis model (online).

Available from: URL:http://www.rivm.nl/bibliotheek/rapporten/388802017.html.

http://URL:http://www.rivm.nl/bibliotheek/rapporten/388802017.html.


I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Accessed: zo" February 2001

NiH, K. (2001). Biotechterms.org (online). United States, Technornic Publishing

Company. Available from:

www.biotechterms.org/sourcebook!savetermretrieve. php3 ?OCHRA TOXINS

Accessed: 9th August 2003

NTP. (1989). Technical Report on the Toxicology and Carcinogenesis Studies of

Ochratoxin A. (CAS No. 303-47-9) in F 344/N rats (gavage studies). In Boorman, G.

(Ed.), National Institute of Health Publication No. 89-2813, US Department of Health

and Human Resources, Research Triangle Park, NC, USA.

Odhav, B. (1996). Pathogenesis of chancroid: Haemophilus ducreyi induced tissue

damage. PhD Thesis. University of Natal.

Omar, R.F., Rahimtula, A.D. and Bartsch, H. (1991). Role of cytochrome P450 111

ochratoxin A-stimulated lipid peroxidation. J Biochem Toxicol, 6, pp. 203-209.

Omar, R.F., Gelboin, H.V. and Rahimtula, A.D. (1996). Effect of cytochrome P450

induction on the metabolism and toxicity of ochratoxin A. Biochem Pharmacol, 51 (3),

pp.207-216.

194

Ostanin, A.A., Chernykh, H.R., Leplina, O.Y., Shevela, E.Y., Nicinov, S,D. and Kozlov,

V.A. (1997). IL-2 activated killer cells and native cytokines in treatmrnt of patients with

advanced cancer. Russ J Immunol, 2 (3-4), pp. 167-176.

http://www.biotechterms.org/sourcebook!savetermretrieve.


Palli, D., Miraglia, M., Saeiva, C., Masala, G., Cava, E., Colatosti, M., Corsi, A.M.,

Russo, A. and Brera, C. (1999). Serum levels of Ochratoxin A in healthy adults in

Tuscany: Correlation with individual characteristics and between repeat measurements.

Cane Epiderm Biomarkers and prevention, 8, pp. 265-269.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Osweiler, G.D., Kehri, M.E., Stabel, lR., Thurston, lR., Ross, P.F. and Wilson, T.M.

(1993a). Effects of fumonisin-contaminated corn screenings on growth and health of

feeder calves. J Anim Sci, 71, pp. 459-466.

Osweiler, G.D., Schwartz, K.J. and Roth, J.A. (1993b). Effects of fumonisin-

contaminated corn on growth and immune function in swine. J Anim Sci, 71, pp. 63.

Pang, V.F., Felsburg, P.J., Beasley, V.R., Buck, W.B. and Haschek, W.M. (1987a). The

toxicity of T-2 toxin in swine following topical application. II. Effects of haematology,

serum biochemistry and immune response. Fund App! Toxicol, 9, pp. 50.

Pang, V.F., Lambert, R.J., Felsburg, P.J., Beasley, V.R., Buck, W.B. and Haschek, W.M.

(1987b). Experimental T-2 toxicosis in swine following inhalation exposure: effects of

pulmonary and systemic immunity, and morphologic changes. Toxica! Pathol, 15, pp.

308.

195

Paul, P.S., Johnson, D.W., Mirocha, C.J., Soper, F.F., Thoen, C.D., Muscoplat, e.C. and

Weber, A.F. (1977). In vitro stimulation of bovine peripheral blood lymphocytes:



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

suppression of phytomitogen and specific antigen lymphocyte responses by aflatoxin. Am

J Vet Res, 38, pp. 2033

Paul, S., Calmels, B. and Acres, R.B. (2002). Improvement of adoptive cellular

immunotherapy of human cancer using ex-vivo gene transfer. Curr Gene Ther, 2 (1), pp.

91-100.

Pellagalli, A., Belisario, M.A., Squillacioti, C., Della Morte, R. and D'Angelo, l.S.

(1999). The mycotoxin fumonisin B, inhibits integrin-mediated cell adhesion. Biochimie,

81 (10), pp. 1003-1008.

Peraica, M., Radic, B., Lucie, A. and Pavlovic, M. (1999). Toxic effects of mycotoxins in

humans. Bull WO, 77, pp. 754-766.

Pestka, JJ. and Bondy, G.S. (1990). Alteration of immune function following dietary

mycotoxin exposure. Can J Physiol Pharmacal, 68 (7), pp. 1009-1016.

Pestka, JJ., Zhou, H-R., Moon, Y. and Chung, Y.l (2004). Cellular and molecular

mechanisms for immune modulation by deoxynivalenol and other tricothecenes:

unravelling a paradox. Toxicol Lett, 153, pp. 61-73.

196



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Petkova-Bocharova, T. and Castegnaro, M. (1991). Ochratoxin A in human blood in

relation to Balkan endemic nephtopathy and urinary tract tumours in Bulgaria. JARC Sci

Publ, 115, pp. 135-137.

Petkova-Bocharova, T., Chernozemsky, LN. and Castegnaro, M. (1988). Ochratoxin A in

human blood in relation to Balkan endemic nephtopathy and urinary tract tumours in

Bulgaria. Food Addit Contam, 5 (3), pp. 299-301.

Petzinger, E. and Weidenbach, A (2002). Mycotoxins in the food chain: the role of

ochratoxins. Livestock Product Sci, 76, pp. 245-250.

Petzinger, E. and Ziegler, K. (2000). Ochratoxin A from a toxicological perspective. J

Vet Pharmacol Therapy, 23, pp. 91-98.

Pfohl-Leszkowicz, A, Chakor, K., Creppy, E.E. and Dirheimer, G. (1991). DNA-adduct

formation in mice treated with ochratoxin A pp. 245-253. In Castegnaro , M., Plestina,

R., Dirheimer, G., Chernozemsky, LN. and Bartsch, H. (Eds.), Mycotoxin, Endemic

Nephropathy and Urinary Tract Tumours, IARC Scientific Publications No. lIS, Lyon.

Pier, AC. and Heddleston, K.L. (1970). The effect of aflatoxin on immunity on turkeys.

L Impairment of actively acquired resistance to bacterial challenge. Avian Dis, 14, pp.

797.

197



Pier, A.C., Richard, 1.L. and Cysewski, SJ. (1980). Implications of mycotox ins in animal

disease. JAm Vet Med Assoc, 176, pp. 719-724.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Pier, A.C., Heddleston, K.L., Cysewski, SJ. and Patterson, 1. (1972). Effect of aflatoxin

on immunity on turkeys. II. Reversal of impaired resistance to bacterial infection by

passive transfer of plasma. Avian Dis, 16, pp. 381.

Pitout, M.I. (1968). The effect of ochratoxin A on glycogen storage in rat liver. Toxicol

Appl Pharmacol, 13, pp. 299-306.

Pitt, 1.1. (1987). Penicillium viridicatum, Penicilium verrucosum, and production of

ochratoxin A. Applied and Environ Microbiol, 53, pp. 266-269.

Plattner, R.D., Weisleder, R.D. and Poling, S.M. (1996). Analytical determination of

fumonisins and other metabolites produced by Fusarium moniliforme and related species

on com. Adv Exp Med Biol, 392, pp. 57-64.

198

Plestina, R. (1992). Nephrotoxicity of ochratoxin A. Food Addit Con/am, 13, pp. 49-50.

Pohland, x.c. (1996). Occurrence of Fumonisins in the U S. Adv Exp Med BioI, 392, pp.

19-26.



Portielje, J.E.A., Lamers, I-LJ., Kruit, W.H.J., Sparreboom, A., Bolhuis, R.L.H., Stoter,

G., Huber, C. and Gratama, J.W. (2003). Repeated administrations oflnterleukin (IL)-12

are associated with persistently elevated plasma levels of IL-lO and declining IFN-y,

tumour necrosis factor-a, IL-6, and IL-8 responses. Clinical Cancer Res, 9, pp. 76-83.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Polak, I.M. and Van Noorden, S. (1986). Electron Microscopic Immunocytochemistry,

pp. 328-458. In Polak, J.M. and Van Noorden, S. (eds.), Immunocytochemistry: methods

and applications, John Wright and Sons.

Prior, M.G. and Sisodia, C.S. (1982). The effects of Ochratoxin A on the Immune

response of Swiss mice. Can J Camp Med, 46, pp. 91-95.

Quereshi, M.A. and Hagler, W.M., Jr. (1992). Effect of fumonisin BI exposure on

chicken macrophage functions in vitro. Paul Sci, 71 (1), pp. 104-112.

Quereshi, M.A., Brake, J., Hamilton, P.B., Hagler, W.M., Jr. and Nesheim, S. (1995).

Functional impairment of rat Kuppfer cells induced by immune dysfunction in progeny

chicks. FEMS Immunol Med Microbial, 10 (2), pp. 151-155.

199

Quesada, J.R., Hersh, E.M., Manning, J., Reuben, J., Keating, M., Schnipper, E., Itri, L.

and Gutterman, J.U. (1986). Treatment of hairy cell leukemia with recombinant alfa-

interferon. Blood, 68, pp. 493-497.



Ramljak, D., Calver, R.I., Weisenfeld, P.W., Diwan, B.A., Catipovic, B., Marasas, W.F.,

Victor, T.C., Anderson, L.M. and Gelderblom, W.C. (2000). A potential mechanism for

fumonisin B I-mediated hepatocacinogenesis: cyclic Dl stabilisation associated with the

activation of Akt and the inhibition of GSK-3 beta activity. Carcinogenesis, 21 (8), pp.

1537-1546.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Rafai, P. and Tuboly, S. (1982). Effects of T-2 toxin on adrenocortical function and

immune response in growing pigs. Zentralb. Veterinaermed Reihe B, 29, pp. 558.

Rafiq, K., Bergtold, A. and Clynes, R. (2002). Immune complex-mediated antigen

presentation induces tumor immunity. J Clin Invest, 110 (1), pp. 71-79.

Rahimtula, A.D., Bereziat, I.C., Bussacchini-Griot, V. and Batrsch, H. (1988). Lipid

peroxidation as a possible cause of ochratin A toxicity. Biochem Pharmacol, 37, pp.

4469-4475.

Randerath, E., Watson, W.P., Zhou, G.D., Chang, I. and Randerath, K. (1995).

Intensification and depletion of specific bulky renal DNA adduct (I-compounds)

following exposure of male F344 rats to the renal carcinogen ferric nitrilotriacetate (Fe-

NTA). Mutat Res, 341 (4), pp. 265-279.

200

Randerath, E., Zhou, G.D. and Randerath, K. (1996). Organ-specific oxidative DNA

damage associated with normal birth in rats. Carcinogenesis, 17 (12), pp. 2563-2570.



Ravaud, A., Delva, R., Gomez, F., Chevreau, C., Douillard, 1. Y, Peny, 1., Coudert, B.

and Negrier, S. (2002). Subcutaneous interleukin-2 and interferon alpha in the treatment

of patients with metastatic renal cell carcinoma-Less efficacy compared with intravenous

interleukin-2 and interferon alpha. Results of a multicenter Phase II trial from the Groupe

Francais d'Immunotherapie. Cancer, 95 (11), pp. 2324-2330.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Rasonyi, T., Schlatter, 1. and Dietrich, D.R (1999). The role of alpha 2u-globulin in

ochratoxin A induced renal toxicity and tumours in F344 rats. Toxicol Lett, 104 (1-2), pp.

83-92.

Reddy, R.V. and Sharma, R.P. (1984). Relationship of nephrotoxic effect of citrinin with

stimulation of lymphocyte proliferation. Toxicologist, 4, pp. 13.

Reddy, R.V. and Sharma, R.P. (1989). Efffcts of aflatoxin Bl on murine lymphocytic

functions. Toxicology, 54, pp. 31.

201

Reddy, RV., Sharma, R.P and Taylor, M.I. (1983). Dose and time related response of

immunologic function to aflatoxin Bl in mice, pp. 431, In Development in the science

and practise of Toxicology. A.W. Hyes., RC. Schnell, and T.S. Miya, ed. Elsevier Sci.

Publ., Amsterdam, Neth.

Reddy, RV., Taylor, M.I. and Sharma, R.P. (1987). Studies of immune function of CD-I

mice exposed to aflatoxin B I. Toxicology, 43, pp. 123.



Ribar, S. and Mezaric, M. (1998). Fuminisins- mycotoxins produced by Fusarium

moniliforme. Lijec Vjesnik, 120, pp. 85-91.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Reddy, R.V., Taylor, M.V. and Sharma, R.P. (1988). Evaluation of citrinin toxicity on the

immune functions of mice. J Food Prot; 51, pp. 32.

Reubel, G.H., Garies, M. and Amselgruber, W.M. (1987). Cytotoxicity evaluation of

Mycotoxins by an MTT-Bioassay. Mycotoxin Research, 3, pp. 85-96.

Rheeder, J.P., Marasa, W.F.O. and Vismer, H.F. (2002). Production of fumonisin analogs

by Fusarium species. Appl Environ Microbiol, 68, pp. 2102-2105.

Richard, J.L., Cysewski, S.J., Pier, A.C. and Booth, G.D. (1978). Comparison of effect of

dietary T-2 toxin on growth, immmunogenic organs, antibody formation and pathologic

changes in turkeys and chickens. Am J Vet Res, 39, pp. 1674.

Riley, R.T., Norred, W.P. and Bacon, C.W. (1993). Fungal toxins 111 foods: recent

concerns. Ann Rev Nutr, 13, pp. 16189.

202

Riley, R.T., Voss, K.A., Yoo, H.S., Gelderblom, W.C.A. and Merrill, A.H. Jr. (1994).

Meehanisim offumonisin toxicity and carcinogenesis. J Food Protect, 57, pp. 528-535.



Rosa, c.A. Magnoli, C.E. Dalcero, A.M. and Santana, D.M. (2004). Occurrence of

ochratoxin A in wine and grape juice marketed in Rio de Janeiro, Brazil. Food Addit

Con/am, 21 (4), pp. 358-364.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Riley, R.T., Wang E., Schroedr, JJ., Smith, R.D., Plattner, R.D., Abbas, H., Yoo, H.S.,

and Merrill, A.H. Jr. (1996). Evidence for disruption of sphingolipid metabolism as a

contributing factor in the toxicity and carcinogenecity of fumonisins. Nat Toxins, 4, pp.

3-15.

Rini, B. 1., Weinberg, V., Bok, R. and Small, E. 1. (2003). Prostate-specific antigen

kinetics as a measure of the biologic effect of granulocyte-macrophage colony-

stimulating factor in patients with serologic progression of prostate cancer. J Clin Oneal,

21(1), pp. 99-105.

Rossi, V., Breviario, F., Ghenzzi, P., Dejana, E. and Mantovani, A. (1985). Prostacylin

synthesis induced in vascular cells by interleukin-l. Science, 229, pp. 1174-1176.

203

Sandhu, B.S., Singh, H. and Singh, B. (1995). Pathological studies in broiler chicks fed

aflatoxin and inoculated with inclusion body hepatitis virus, singly and in concurrence.

Vet Res Commun, 19, pp. 27-37.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Sandhu, B.S., Singh, B. and Brar R.S. (1998). Haematological and biological studies in

broiler chicks fed ochratoxin and inoculated with inclusion body hepatitis virus, singly

and in concurrence. Vet Res Commun, 22, pp. 335-346.

Schlatter, C., Studer-Rohr 1. and Rasonyi, T. (1996). Carcinogenecity and kinetic aspects

of Ochratoxin A. Food Addit Con tam, 13, pp. 43-44.

Schmitt, D. (2001). The Langerhans cell: from in vitro production to use in cellular

immunotherapy. J Soc Bioi, 195 (1), pp. 69-74.

Schroeder, JJ., Crane, H.M., Xia, 1., Liotta, D.C. and Merrill, A.H. Jr. (1994). Disruption

of sphingolipid metabolism and stimulation of DNA synthesis by fumonisin BI. A

molecular mechanism for carcinogenesis associated with Fusarium moniliforme. J Biol

Chem, 269 (5), pp. 3475-3481.

Scott, P.M. (1993). Fumonisins. Int J Food Microbiol, 18 (4), pp. 257-270.

Seegers, J.C., Bohmer, L.I-I., Kruger, M.C., Lottering, M.L. and de Kock, M. (1994a). A

comparative study of ochratoxin A-induced apoptosis in hamster kidney and HeLa cells.

Toxicol Appl Pharmacol, 129 (1), pp. 1-11.

204



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Seegers, I.c., Lottering, M.L. and Garlinski, P.J. (1994b). The mycotoxin ochratoxin A

causes apoptosis-associated DNA degradation in human lymphocytes. Med Sci Res, 22,

pp.417-419.

Seegers, J.c., Joubert, A.M., Panzer, A., Lottering, M.L., Jordan, C.A., Joubert, T.,

Maree, I.L., Bianchi, P., de Koch, M. and Gelderblom, W.C. (2000). Fumonisin B,

influenced the effects of arachidonic acid, prostaglandins E2 and A2 on cell cycle

progression, apoptosis induction, tyrosine- and CDC2-kinase activity in oesophageal

cells. Prostaglandins Leukot Essent Fatty Acids, 62 (2), pp. 75-84.

Segal, I.G., Lee, N.C., Tsung, YL., Norton, I.A. and Tsung, K. (2002). The role of IFN-

gamma in rejection of established tumors by IL-12: source of production and target.

Cancer Res, 62 (16), pp. 4696-4703.

Senderowicz, A.M. (2001). Cyclin-dependent kinase modulators: a novel class of cell

cycle regulators for cancer therapy. Cancer Chernother Biol Response Modif, 19, pp. 165-

188.

Serra Bonvehi, I. (2004). Occurrence of ochratoxin A in cocoa products and chocolate. J

Agric Food Chern, 52 (20), pp. 6347-6352.

205

Sharma, R.P. (1984). Chemical interaction and compromised immune system. Fund Appl

Toxicol, 4, pp. 45.



206

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Sharma, R.P. (1985). Immunotoxicology of food constituents. Food Technol, 39, pp. 49.

Sharma, R.P. (1991). Immmunotoxic effects of mycotoxins. pp. 81. In Mycotoxins and

Phaytoalexins. R.P. Sharma and D.K. Salunkhe (ed.), CRC Press, Boca Raton, FL.

Sharma, R.P. and Zeeman, M.G. (1980). Immunological alterations by environmental

chemicals: relavenee of studying mechanisms vs. effects. J Immunopharmacol, 2, pp.

285.

Sharma, R.P., Dogyala, R.R. and Voss, K.A. (1997). Demonstration of in situ apoptosis

in mouse liver and kidney after short-term repeated exposure to fumonisin BI. J Comp

Pathol, 117, pp. 371-381.

Sharma, R.B., He, Q., Meredith, F.I., Riley, R.T. and Voss, K.A.(2002). Paradoxal role of

tumour necrosis factor CL in fumonisin-induced hepatotoxicity in mice. Toxicology, 180

(3), pp. 221-232.

Shephard, G.S., Marasas, W.F., Leggott, N.L., Yazdanpanah, H., Rahimia S. and Safavi,

N. (2000). Natural occurrence of offumonisins in corn from Iran. JAgric Food Chem, 48

(5), pp. 1860-1864.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Shier, W.T., Abbas, H.K. and Mirocha, C.I. (1991). Toxicity of the mycotoxins

fumonisins BJ and B2 and Alternaria alternata f sp. Lycopersici toxin (AAL) in cultured

mammalian cells. Mycopathologia, 116, pp. 97-104.

Shotwell, L.L., Hesseltine, C.W. and Goulden, M.L. (1969). Ochratoxin A: occurrence as

natural contaminant of a corn sample. Appl Microbiol, 17, pp. 765-766.

Sims, I.E. and Dower, S.K. (1994). Interleukin-l receptors. Eur Cytokine Network, 5, pp.

539-546.

Smith, G.W., Constable, P.D., Bacon, C.W., Meredith, FJ. and Haschek, W.M. (1996).

Cardiovascular effects of fumonisins in swine. Fundament Appl Toxicol, 31, pp. 160-172.

Snyman, C. (1993). In An introduction to immunocytochemistry. South Africa:

Multicopy, University of Nata!.

Somasundaram, R., Jacob, L., Swoboda, R., Caputo, L., Song, H., Bask, S., Monos, D.,

Peritt, D., Marincola, F., Cai, D., Birebent, B., Bloome, E., Kim, I., Berensci, K.,

Mastrangelo, M. and Herlyn, D. (2002). Inhibition of Cytolytic T Lymphocyte

Proliferation by Autologous CD+/CD25+Regulatory T Cells in a Colorectal Carcinoma

Patient is Mediated by Transforming Growth Factor-B. Cancer Res, 62, pp. 5267-5272.

207

Spiegel, S. and Merrill, A.H., Jr. (1996). Sphingolipid metabolism and cell growth

regulation. FASEB J, 10, pp. 1388-1397.



208

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Speijers, G.J. and Speijers, M.H. (2004). Combined toxic effects of mycotoxins. Toxicol

Lett, 153 (1), pp. 91-98.

Steyn, P. A. (1971). Ochratoxin and other dihydroisocoumarins. pp. 179-205. In: A.

Ciegler, SKadis, and S.J. Ajl (eds.), Microbial Toxins, 6, New York: Academic Press,

Inc. pp. 179-205.

Stockmann, H. (2001). Neorotoxic effects of microbial toxins (online). Available from:

URL:hrrp://www.ktl.fi/sytty/abstracts/savolai.htm

Accessed zn" February 2001

Stormer, F. and Lea, T. (1995). Effects of ochratoxin A upon early and late events in

human T-cell proliferation. Toxicology, 95, pp. 45-50.

Strieter, R.M., Kasahara, K., Allen, R.M., Standiford, T.l., Rolfe, M.W., Becker, F.S.,

Chensue, S.W. and Kunkel, S.L. (1992). Cytokine-induced neutrophil derived

interleukin-8. Am J Pathol, 141, pp. 397-407.

Stripecke, R., Levine, A.M., Pullarkat, V. and Cardoso, A.A. (2002). Immunotherapy

with acute leukemia cells modified into antigen-presenting cells: ex vivo culture and gene

transfer methods. Leukemia, 16 (10), pp. 1974-1983.

http://URL:hrrp://www.ktl.fi/sytty/abstracts/savolai.htm


I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Stritze, 1., Zunkel, T., Steinmann, 1., Schmitz, N., Uharek, L. and Zeis, M. (2003).

Therapeutic effects of idiotype vaccination can be enhanced by the combination of

granulocyte-macrophage-colony-stimulating factor and interleukin 2 in a myeloma

model. Br JHaematol, 120 (1), pp. 27-35.

Suganuma, M., Okabe, S., Marino, M.W., Sakai, A, Suloka, E. and Fujike, H. (1999).

Essential role of tumour necrosis factor a (TNF-a) in tumour promotion as revealed by

TNF-a deficient mice. Cancer Res, 59, pp.4516-4518.

Sweeney, M.I., White, S. and Dobson, AD.W. (2000). Mycotoxins in agriculture and

food safety. Irish JAgric Food Res, 39, pp. 235-244.

Swisher, E.M. Shawler, D.L., Collins, H.A., Bustria, A, Hart, S., Bloomfild, e., Miller,

R.A and Royston, I. (1991). Expression of shared idiotypes in chronic lymphocytic

leukaemia and small lymphocytic lymphoma. Blood, 77 (9), pp. 1977-1982.

209

Sydenham, E.W., Thiel, P.G., Marasas, W.F.O., Shepard, G.S., van Schalkwyk, D.I. and

Koch, K.R. (1990). Natural occurrence of some Fusarium mycotoxins in corn from low

and high oesophageal cancer prevalence areas of the Transkei, South Africa. JAgric

Food Chern, 38, pp.1900-1903.

Szczech, e.M., Carlton, W.W., Tuite, J. and Caldwell, R. (l973a). Ochratoxin A

toxicosis in swine. Vet Pathol, 10, pp. 347.



210

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Szczech, e.M., Carlton, W.W. and Tuite, I. (1973b). Ochratoxicosis in beagle dogs. 1.

Clinical and clinocopathological features. Vet Pathol, 10, pp. 135.

Taylor, M.I., Reddy, R.V. and Sharma, R.P. (1983). Immunotoxicologic evaluation of

rubratoxin B in male CD-I mice. Toxicologist, 3, pp. 86.

Taylor, M.I., Reddy, R.V. and Sharma, R.P. (1985). Immunotoxicity of repeated low

level exposure to T-2 toxin, a trichothecene mycotoxin, in CD-I mice. Mycotoxin Res, 1,

pp.57.

Taylor, M.I., Hughes, B.l and Sharma, R.P. (1987). Dose and time related effects ofT-2

toxin on mitogenic response of murine splenic cells in vitro. Int J Immunopharmacol, 9,

pp. 107.

Taylor, M.l, Smart, R.A. and Sharma, R.P. (1989). Relationship of hypothalamic-

pituitary-adrenal axis with chemically induced immunomodulation. 1. Stresslike response

after exposure to T-2 toxin. Toxicology, 56, pp. 179.

Thaxton, J.P., Tung, H.T. and Hamilton, P.B. (1974). Immunosuppression in chickens by

aflatoxins. Poult Sci, 53, pp. 729.



211

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Thuvander, A., Breitholtz-Emanuetsson, A. and Olsen, M. (1995). Effects of ochratoxin

A on the mouse immune system after subchronic exposure. Food Chern Toxicol, 33, pp.

1005-1011.

Thuvander, A., Breitholtz-Emanuetsson, A., Brabencova, D. and Gadhasson, 1. (1996a).

Prenatal exposure of Balb/c mice to ochratoxin A: Effects on the immune system in the

offspring. Food and Chern Toxicol, 34, pp. 547-554.

Thuvander, A., Dahl, P. and Breitholtz-Emanuetsson, A. (1996b). Influence of perinatal

ochratoxin A exposure on the immune system in mice. Nat Toxins, 4, pp. 174-180.

Thuvander, A., Breitholtz-Emanuetsson, A., Hallen, LP. and Oskarrson, A. (1996c).

Effects of ochratoxin A on the mouse immune system after perinatal exposure. Nat

Toxins, 4, pp. 141-147.

Tirapu, 1., Rodriguez-Calvillo, M., Qian, C., Duarte, M., Smerdou, C., Psa, B., Mazzolini,

G., Prieto, J. and Melero, 1. (2002). Cytokine gene transfer into dendritic cells for cancer

treatment. Curr Gene Ther, 2 (1), pp. 79-89.

Tolleson, W.H., Dooley, K.L. Sheldon, W.G., Thurman. T.l Bucci, T.l and Howard,

P.e. (1996). The mycotoxin fumonisin induces apoptosis in cultured human cells and in

livers and kidneys of rats, pp. 239-349. In L.S. Jackson, lW. DeVries and L.B.

Bullerman (Eds.), Fumonisins in Foods, Plenum Press, New York.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Tonnetti, L., Veri, M.C., Bonvini, E. and D'Adamio, L. (1999). A role for neutral

sphingomyelinase-mediated eeramide production in T cell receptor-mediated apoptosis

and mitogen-activated protein kinase-mediated signal transduction. J Exp Med, 189, pp.

1581-1589.

Tryphonas, H., Bondy, G., Miller, J.D., Lacrois, F., Hodgen, M., Mcguire, P., Fernie, S.,

Miller, D. and Hayward, S. (1997). Effects of fumonisin BI on the immune system of

Sprague-dawley rats following a 14-day oral (gavage) exposure. Fundam App! Toxicol,

39 (1), pp. 53-59.

Tsunoda, M., Sharma, R.P. and Triley, R.T. (1998). Early fumonisin BI toxicity 111

relation to disrupted sphingolipid metabolism in male BALB/c mice. J Biochem Mo!

Toxico!, 12, pp. 281-289.

Turner, P.c., Nikierna, P. and Wild, C.P. (1999). Fumonisin contamination of food :

Progress in development of biomarkers to better assess human health risks. Mulat Res,

443, pp. 81-93.

Uekusa, Y, Gao, P., Yamaguchi, N., Tomura, M., Mukai, T., Nakajima, C., Iwasaki, M.,

Takeuchi, N., Tsujimura, T., Nakazawa, M., Fujiwara, H. and Hamaoka, T. (2002). A

role for endogenous IL-12 in tumor immunity: IL-12 is required for the acquisition of

tumor-migratory capacity by T cells and the development of T cell-accepting capacity in

tumor masses. J Leukoc Bio!, 72 (5), pp. 864-873.

212



Ueno, Y., lijima, K., Wang, S.D., Sugiura, Y Sekijima, M., Tanaka, T., Che., C. and Yu,

S.Z. (1997). Fumonisins as a possible risk contributory factor for primary liver cancer: a

3-year study of corn harvested in Haimen, China, by HPLC and ELISA. Food Chem

Toxicol, 35, pp.1143-1150.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Ueno, Y, Umemori, K., Niimi, E., Tanuma, S., Nagata, S., Sugamata, M., Ihara, T.,

Sekijima, M., Kawai, K. and Ueno, I., (1995). Induction of apoptosis by T-2 toxin and

other natural toxins in HL-60 human promyelotic leukaemia cells. Nat Toxins, 3(3), pp.

129-137.

Uhlinger, C. (1997). Leukoencephalomalacia. Vet Clin N Am, Equine practice, 13, pp.

13-20.

Umemura, T., Takagi, A., Sai, K., Hasegawa, R. and Kurokawa, Y (1998). Oxidative

DNA damage and cell proliferation in kidneys of male and female rats during 13-weeks

exposure to potassium bromate (Kbr03). Arch Toxicol, 21 (1), pp. 57-66.

Van der Merwe, KJ., Steyne, P.S., Foure, L.F., Scott, D.B. and Theron, JJ. (1965).

Ochratoxin A, a toxic metabolite produced by Aspergillus ochraceus. Nature, 205, pp.

1112-1113.

213

Van Egmond, H.P. (1991). Worldwide regulations for ochratoxin A, pp. 331-336. In M.

Castegnaro, R. Plestina, G. Dirheimer, LN. Chernozemsky, and H. Bartsch (ed.),



214

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Mycotoxins, endemic nephropathy, and unnary tract tumours. Publication no. lIS.

International Agency for Research on Cancer. Lyon, France.

Verheyen, r., Bonig, H., Kim, Y.M., Banninig, u., Mauz-Korholz, C., Kramm, C. and

Korholz, D. (2000). Regulation of interleukin-2 inducen interleukin-5 and interleukin-13

production in human peripheral blood mononuclear cells. Scand J Immunol, 51(1), pp.

45-53.

Vesel a, D., Vesely, D. and Jelinek, R. (1983). Toxic effects of Ochratoxin A and citrinin.

Alone and in combination on chicken embryos. Applied Environ Microbiol, 45 (2), pp.

91-93.

Viljoen, lH., Marasas, W.F.O. and Thiel, P.G. (1993). In lR.N. Taylor, P.G. Randall,

and lH. Viljoen (Eds.), Cereal Science and Technology: Impact on Changing Africa,

The CSIR, Pretoria, South Africa, pp. 837-853.

Vincelli, P. and Parker, G. (1994). Mycotoxins in corn produced by Fusarium fungi. In

Co-operative extension service, Universuty of Kentucky, College of Agriculture, ID-12 I.

Voss, K.A., Chamberlain, W.I., Bacon, C.W. and Norred, W.P. (1993). A preliminary

investigation on renal and hepatic toxicity in rats fed purified fumonisin B I.Nat Toxins, 1,

pp. 222-228.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
II

Voss, K.A., Riley, R.T., Bacon, Cho W., Chamberlain, W.I. and Norred, W.P. (1996)

Subchronic c effect of Fusarium moniliforme and Fumonisin B, in rats and mice. Nat

Toxins, 4, pp. 16-23.

Voss, K.A., Chamberlain, W.I., Bacon, C.W., Herbert, R.A., Walters, D.B. and Norred,

W.P. (1995). Subchronic feeding study of the mycotoxin fumonisin B, In B6C3F1 mice

and Fischer 344 rats. Fundam Appl Toxicol, 24, pp.l 02-11 O.

Wafa, E.W., Yahya, R. S., Sobh, M.A., Erakhy, 1., el-Baz, M., el-Gayer, H.A., Creppy, E.

E. (1998). Human ochratoxicosis and nephropathy in Egypt: a preliminary study. 17 (2),

pp. 124-129.

Waller, E.K.and Ernstoff, M.S. (2003). Modulation of antitumour immune responses by

haematopoeticcytokines. Cancer, 97,pp. 1797-1809.

Wang, E., Norred, W.P., Bacon, C.W., Riley, R.I. and Merrill, A.H., Jr. (1991).

Inhibition of sphingolipid biosynthesis by fumonisins: implications for diseases

associated with Fusarium moniliforme J Bioi Chem, 266, pp.144-186.

215

Wang, E., Ross, R.F., Wilson, I.M., Riley, R.T. and Merrill, A.H., Jr. (1992). Increases

in serum sphingosine and sphinganine and decreases in complex sphingolipids in ponies

given feed containing fumonisins, mycotoxins produced by Fusarium moniliforme J

Nutr, 122, pp.l 706-1716.



216

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Wang, H., Wei, H., Ma, I. and Luo, X. (2000). The fumonisin BI content in com from

North China, a high area of oesophageal cancer. J Environ Pathol Toxieol Oncol, 19, 1-2

pp. 139-141.

Wannemacher, R.W., Bunner, D.L. and Neufeld, H.A. (1991). Toxicity of tricothecenes

and other related mycotoxins in laboratory animals. pp. 499-552. In Smith, I.E. and

Anderson, R.A. (Eds.), Myeotoxins and Animal Foods, CRC Press, Boca Raton, FL.

Weaver, G.A., Kurtz, H.l., Bates, F.Y., Chi, M.S., Mirocha, C.l., Behrens, I.C. and

Robison, T.S. (1978a). Acute and chronic toxicity of T-2 mycotoxin in swine. Vet Ree,

103, pp. 531.

Weaver, G.A., Kurtz, H.l., Mirocha, CJ., Bates F.Y. and Behrens, I.C. (1978b). Acute

toxicity of the mycotoxin diacetoxyscirpenol in swine. Can Vet 1, 19, pp. 267.

Weibking, T.S., Ledoux, D.R .. Brown, T.P. and Rottinghaus, G.E. (1993). Fumonisin

toxicity in turkey poults. J Vet Diag Invest, 5, pp. 75-83.

WHO. (2000). Toxic effects of myeotoxins in humans (online). Available from

URL:http://wvvw.who.int/bulletinJpdf/issue9/buoo24.pdf.

Accessed 4th March 2001

http://URL:http://wvvw.who.int/bulletinJpdf/issue9/buoo24.pdf.


217

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Wigginton, lM., Lee, lK., Wiltrout, T.A., Alvord, W.G. Hixon, lA., Subleski, L, Back,

T.C. and Wiltrout, R.H. (2002). Synergistic engagement of an effective endogenous anti-

tumour immune response and induction of IFN-gamma and FAS-Ligand-dependent

tumour eradication by combined administration of IL-18 and IL-2. J Immunology, 169

pp.4467-4474.

Willenberg, H.S., Path, G., Vogeli, T.A., Scherbaum, W.A. and Bornstein, S.R. (2002).

Role of inter leukin-6 in stress response in normal and tumour adrenal cells and during

chronic inflammation. Ann N Y Acad Sci, 966, pp. 304-314.

Williams, N.H., Cribbin, F.A., Zettergren, L.D. and Horton, lD. (1983). Ontogeny and

characterisation of mitogen-reactive lymphocytes in the thymus and spleen of the

amphibian, Xenopus laevis. Immunology, 49 (2), pp. 301-309.

Wilson, B.J. and Marapot, R.R. (1971). Causative fungal agent ofleukoencephalomalacia

in equine animals. Vet Records, 88, pp. 484-486.

Wong, G.G. and Clark, S.c. (1988). Multiple actions of interleukin 6 within a cytokine

network. Immunol Today, 9 (5), pp. 137-139.

Woods, K.V., Adler-Storthz, K., Clayman, G.L., Francis, G.M. and Grimm, G.A. (1998).

Interleukin-1 regulates interleukin-6 secretion in human oral squamous cell carcinoma in

vitro: possible influence of pS3 but not human papilloma virus E6/E7. Cancer Res, 58.



"~I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Xu, W.D., Firestein, G.S., Taetle, R., Kaushansky, K. and Zvaifler, N.J. (1989).

Cytokines in chronic inflammatory arthritis: II Granulocyte-macrophage colony-

stimulating factor in rheumatoid synovial effusions. J Clin Invest, 83, pp. 876-882.

Yei, S., Bartholomew, R.M., Pezzoli, P., Gutierrez, A., Gouveia, E., Bassett, D., Soo

Hoo, W. and Carlo, OJ. (2002). Novel membrane-bound GM-CSF vaccines for the

treatment of cancer: generation and evaluation of mbGM-CSF mouse B16FI0 melanoma

cell vaccine. Gene Ther, 9 (19), pp. 1302-1311.

Yeung, I.M., Wang, H.Y.and Preluskt, O.B. (1996). Fumonisin B, induces protein kinase

C translocation via direct interaction with diacylglycerol binding site. Toxicol Appl

Pharmacol, 141, pp. 171-84.

Yoo, H.S., Norred W.P., Wang, E., Merrill, A.I-I. and Riley, R.T. (1992). Fumonisin

inhibition of de novo sphingolipid biosynthesis and cytotoxicity are correlated in LLC-

PKI cells. Toxicol Appl Phamcol, 114, pp. 9-15.

Yoshizawa, T., Yamashita, A. and Luo, Y. (1994). Fumonisin occurrence in corn from

high- and low-risk areas of human oesophageal cancer in China. Appl Environ Microbiol,

60 (5), pp.1626-1629.

218



219

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Zepnik, H., Volkel, W. and Dekant, W. (2003). Toxicokinetics of the mycotoxin

ochratoxin A in F 344 rats after oral administration. Toxicol Appl Pharmacol, 192 (1), pp.

36-44.

Zepnik, H., Pahler, A., Schauer, U. and Dekant, W. (2001). Ochratoxin A-induced

tumour formation: is there a role of reactive ochratoxin A metabolites. Toxicol Sci, 59

(1), pp. 59-67.

Zinzani, P.L., Lauria, F., Salvucci, M., Rondelli, D., Raspadori, D., Bendandi, M.,

Maganoli, M., and Tura, S. (1997). Hairy-cell leukaemia and alpha-interferon treatment:

long term responders. Haemtologica, 82 (2), pp. 152-155.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CHAPTER SIX: APPENDICES

APPENDIX A

CONSENT FORM FOR INCLUSION IN A RESEARCH PROJECT

I, (name and surname),

agree to participate in the research that will be undertaken by _

[ acknowledge that I have been fully informed by the researcher concerning the

whole procedure that is to be conducted on myself and that I can withdraw at any

stage without prejudice. The blood collected will be used to isolate blood cells for

research purpose.

Signature of participant Date

Signature of researcher Date

(Zulu)
Mina, (igama nesibongo),

ngiyavuma ukuzibandakanya nocwaningo oluzokwenziwa aluzokwenziwe kim ina ngu

Ngiyavuma ukuthi ngaziswe yonke iminingwane ephathelene nocwaningo

oluzokwenziwe kim ina ngumcwaningi.

Sayina (isiguli) Usuku

Sayina (umcwaningi) Usuku
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APPENDIX B

PREPARATION OF BUFFER FOR DIFFERENTIAL

CENTRIFUGATION

Phosphate buffered saline (PBS) 1% (pH 7.2-7.4)

Solution A

Disodium phosphate

Distilled water

1.4 g

100.0 ml

Solution B

Sodium dihydrogen phosphate

Distilled water

1.4 g

100.0 ml

Note: Add 84.1 ml of solution A to Solution B. Add 8.5 g of Sodium

chloride and solubilize to 1000 ml (1 litre) in distilled water.
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APPENDIX C

PREPARA TION OF REAGENTS FOR LIGHT MICROSCOPY

(a) May - Grunwald's stain

0,3 g of the powdered dye was weighed out and transferred to a conical flask of

200-250 ml capacity. 100 ml of methanol was then added and the mixture was

warmed to 50°C. The flask was then cooled to RT and was shaken several times

during the day.

After standing for 24 h, the solution was filtered, and stored in a dark bottle until

req u ired.

(b) Giemsa's stain:

1 g of the powdered stain was weighed out and transferred to a conical flask. 55

ml of glycerol was then added and the mixture was heated at 56°C for 60-120

min. 66 ml of methanol was then added and after thorough mixing the solution

was allowed to stand for 7 days at RT before being filtered. It was then stored in

a dark bottle until required.
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(c) Buffered water:

Solution A

di-Sodium hydrogen orthophosphate

Potassium di-hydrogen orthophosphate

Solubilize in distilled water 1000 ml (1 litre)

9,1 g

Solution B

di-Sodium hydrogen orthophosphate di-hydrate 11,9 g

(Sorenson's salt)

Solubilize in distilled water 1000 ml (I litre)
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APPENDIXD

PREP ARATION OF REAGENTS FOR TRANSMISSION ELECTRON

MICROSCOPY (TEM)

1% glutaraldehyde solution- was prepared from a 25% glutaraldehyde

solution.

120 ul of 25% gluteraldehyde was dissolved in 2 880 III of PBS to make up a

3 ml solution.

0.2 M sodium cacodylate buffer (pH 7.2)

1. 0.4 M solution of sodium cacodylate was prepared with:

Sodium cacodylate 21.4 g

Distilled water 250 ml

2. 0.2 M cacodylate buffer was prepared with:

0.4 M sodium cacodylate 50 ml

0.2 M HCI 8 ml (approx. for pH 7.2) distilled water

added to make up 100 ml.

The pH of the buffer was adjusted to 7.2 with (0.1 M) HCL.

225



226

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1% Osmium tetroxide

Osmium tetroxide 1 g

0.2 M cacodylate buffer 100 ml

To make up 100 ml of 1% osmium tetroxide, 1 g of osmium tetroxide was

dissolved in 100 ml of 0.2 M cacodylate buffer.

Araldite epoxy resin

This was obtained via the image-capturing department at the Nelson R.

Mandela School of Medicine. Stored in a refrigerator.

50:50 (Resin/absolute alcohol) solution

>0 ml of araldite epoxy resin was dissolved in 50 ml of absolute alcohol.

Preparation of saturated ethanolic uranyl acetate

Sufficient uranyl acetate to form saturated solutions was dissolved In 50%

ethanol.

Preparation of Reynold's lead citrate

The staining solution (pH 12) was prepared as follows:

Lead nitrate 1.33 g

Sodium citrate

Distilled water

1.76 g

30 ml
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The mixture was shaken vigorously at intervals for about 30 min in a SO ml

volumetric flask. The completion in conversion was indicated by a uniform

milky suspension. To this suspension was added 8 ml of 1 N NaOH and was

mixed by inversion until the suspension cleared completely.
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I
I
I APPENDIX E

I VIABILITY RESPONSES OF LYMPHOCYTES AND NEUTROPHILS

I FROM HEALTHY VOLUNTEERS, OESOPHAGEAL CANCER PATIENTS

I
AND BREAST CANCER PATIENTS TO FBIAND OTA

I Table 3.3 Lymphocytes and neutrophils of healthy individuals exposed to

I
25 ug/ml FBI

I
I
I
I
I
I
I
I
I
I Cl = first control, C2= second control, TI = first test, '1'2= second test

Av V (%) = average viability (expressed in %), RED = reduction in viability

I
I
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I
I Table 3.4 Lymphocytes and neutrophils of healthy individuals exposed to

I 50 ug/rnl OTA

I
I
I
I
I
I
I
I
I
I
I

Cl= first control, C2= second control, Tl= first test, T2= second test
Av V (%) = average viability (expressed in %), RED = reduction in viability
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I
I
I Table 3.5 Lymphocytes and neutrophils of oesophageal cancer patients exposed

I to 25 ug/rnl FBI

I

I
I

I
I
I
I
I
I
I
I

Cl= first control, C2= second control, Tl= first test, T2= second test
Av V (%) = average viability (expressed in %), RED = reduction in viability

I
I
I

I
I



I Table 3.6 Lymphocytes and neutrophils of oesophageal cancer patients exposed

I
I

I to 50 ug/ml OTA.

I
I
I
I
I
I
I
I
I
I
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I CI = first control, C2= second control, TI = first test, T2= second test
Av V (%) = average viability (expressed in %), RED = reduction in viability
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I
I
I Table 3.7 Lymphocytes and neutrophils of breast patients exposed to

I 25 ug/ml FBI

I
I
I
I
I
I
I
I
I
I
I CI= first control, C2= second control, TI= first test, T2= second test

Av V (%) = average viability (expressed in %), RED = reduction in viability

I
I
I

I
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I 50 ug/rnl OTA

I
I
I Table 3.8 Lymphocytes and neutrophils of breast cancer patients exposed to

I

I
I

I
I
I
I
I
I
I
I Cl = first control, C2= second control, TI = first test, T2= second test

Av V (%) = average viability (expressed in %), RED = reduction in viability
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STANDARD CURVES FOR CYTOKINES, IL-I, IL-6, IL-8, IL-lO AND
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TNF-a.

APPENDIXF

STANDARD CURVE FOR IL-1
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Fig 3.43

STANDARD CURVE FOR TNF
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Fig 3.44

STANDARD CURVE FOR IL-8
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Fig 3.45

STANDARD CURVE FOR IL-10
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