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Recent studies suggest that synthesis of the Colony-

stimulating factor (CSF) is a well regulated process. 

However, the molecular mechanisms of the signal transduction 

of the various inducers of CSF such as monokines and lympho-

kines are not well understood. Using Interleukin 1 (IL-1) 

stimulation of CSF-1 in the MIA PaCa-2 cell line as a model 

system, the involvement of G-protein has been studied. The 

IL-1 induction of CSF-1 synthesis can be inhibited by both 

Pertussis toxin and Cholera toxin, which are known to modify 

the G.. and G_ proteins respectively, thus activating adeny-
JL S 

late cyclase to release more cAMP. The toxin inactivation 

can be prevented by inhibitors of the ADP-ribosylation such 

as, benzamide and MBAMG. Addition of dibutyryl-cAMP inhibits 

the IL-1 induced CSF production. Both Theophylline and 

Forskolin which increase cAMP by inhibiting phosphodiesterase 

and stimulating adenylate cyclase respectively, also inhibit 

CSF-1 production. Results from these studies have shown that 

cAMP level inversely regulates the biosynthesis of CSF-1. 

Preincubation of MIA PaCa-2 cells with IL-1 and 5'-



guanylylimidodiphosphate (GppNHp) prevents the inhibitory 

effect of pertussis toxin on CSF-1 production. These data 

are consistent with the hypothesis that IL-1 binds to its 

receptor and couples to G^a resulting in the inhibition of 

adenylate cyclase and reducing cAMP level. Lowering of the' 

cAMP level leads to the activation of CSF-1 gene expression. 

The activity of another inducer of CSF-1 production in 

this system, 12-0-tetradecanoylphorbol-13-acetate (TPA), can 

be abolished by 1- (5-isoquinolinesulfonyl)-2-methylpiperazine 

dihydrochloride (H-7), which is a specific inhibitor of 

protein kinase C. However, H-7 failed to inihibit IL-1 

stimulated CSF-1 production. Other known activators of 

protein kinase C namely, Ca 2 + and L-a-l-oleoyl-2-acetoyl-sn-

3-glycerol (OAG), also increase CSF production. On the other 

hand, Indomethacin which is known to inhibit prostaglandin E 

(PGE), stimulates CSF-1 production in MIA PaCa-2 cells. 

These data suggest that different mechanisms for 

stimulation of CSF-1 synthesis exist in MIA PaCa-2 cells 

depending on the inducer. The IL-1 stimulated pathway which 

does not require PKC activity and appears to be associated 

with adenylyl cyclase regulation whereas phorbol ester 

induced pathway involves protein kinase C in the signaling 

process as expected. 
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CHAPTER I 

INTRODUCTION 

Recent progress in the understanding of hematopoiesis 

clearly indicates that the peripheral blood cells including 

erythrocytes, macrophages, platelets, neutrophilic 

granulocytes, eosinophilic granulocytes and lymphocytes are 

derived from a common precursor pool. The control of the 

production of these blood cells is regulated by a group of 

hematopoietic growth factors (Metcalf, 1986, 1988; Nicola, 

1989). A schematic representation of hematopoiesis and the 

involvement of these growth factors is shown in Fig. 1. 

Different types of blood cells arise from a small population 

of stem cells formed early in the embryo. The stem cells 

generate progenitor cells in bone marrow, that are capable of 

self-replication as well as generating the various unipotent 

progenitors. The unipotent progenitors respond to different 

growth factors with a limited degree of self-replication and 

by differentiation to morphologically identifiable mature 

cells. 

Begining in the mid-1960s, semi-solid culture techniques 

were introduced and provided to support for the proliferation 

of the various types of hemopoietic cells in vitro. The 

1 



Fig. 1. A scheme of hemopoiesis. A cell lineage diagram 

for hemopoietic cells. The unlabelled upper area represents 

proliferating blood progenitor cells found mainly in the bone 

marrow. Only the mature cells are found circulating in the 

blood or in the tissures. All the cells originate from a 

multipotential stem cell capable of self-renewal. Cells 

labeled CFU are capable of colony formation in vitro and most 

of these are committed to one cell lineage. BFU—E and CFU—E 

represent cells at different levels of erythroid maturation 

capable of erythroid colony formation in vitro. 

*Figure is drawn from "Molecular Biology of the Gene" (1987), 

Fourth Ed., Vol. II, The Benjamin/Cummings Company, Inc. 
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semi-solid culture system which supports the clonal growth of 

hematopoietic colonies in vitro was developed independently 

and simultaneously by Bradley and Metcalf (1966), and Pluznik 

and Sachs (1965). This technique led not only to the 

development of the functional assay for progenitor cells of 

various hematopoietic lineages but also to the discovery of a 

group of growth factors that regulate the differentiation of 

progenitor cells. 

As shown in Fig. 1, in the myeloid cell lineages, the red 

cells , erythrocytes, are under the specific control of 

erythopoietin (Epo). Epo raises the red cell number by 

inducing the selective proliferation and differentiation of 

erythrocyte precursors. White blood cells are regulated by 

Colony-stimulating factors (CSFs). The multi-CSF is believed 

to be a consequence of its ability to support the growth of 

cells from relatively early pluripotent progenitors to mature 

cells of multiple lineages. G-CSF and M-CSF are postulated 

to support the growth and proliferation of only relatively 

late progenitors already committed to their respective 

lineages. GM-CSF, in contrast, is presumed to interact 

additionally with somewhat earlier progenitor cells that are 

still capable of differentiating into neutrophils, 

eosinophils, or monocytes. 

Macrophage colony-stimulating factor (M-CSF) (Stanley et 



al., 1977) or macrophage-granulocyte inducer 1 macrophage 

(MGI-1M) (Lotem and Sachs, 1984), stimulates macrophage 

colony formation. Neutrophilic granulocyte colony-

stimulating factor (G-CSF), also known as macrophage-

granulocyte inducer factor 1 granulocyte (MGI-1G) (Lotem and 

Sachs, 1984), stimulates the formation of neutrophilic 

granulocyte colonies (Nicola et al., 1983). Granulocyte-

macrophage colony-stimulating factor (GM-CSF), also known as 

macrophage-granulocyte inducer factor 1 granulocyte-

macrophage (MGI-1GM) (Lotem and Sachs, 1984), is specific for 

the formation of macrophage and neutrophilic granulocyte 

colonies. Multi-CSF, also known as interleukin-3 (IL-3) 

(Ihle et al., 1982), stimulates the proliferation of 

erythrocytes, macrophages, neutrophilic granulocytes, 

megakaryocytes, eosinophilic granulocytes and mast cells. 

Because of its multiple functions, IL-3 has many names which 

include P-cell stimulating factor (PSF) (Clark-Lewis et al., 

1984), burst promoting activity (BPA) (Iscove et al., 1982), 

hemopoietic cell growth factor (HCGF) (Brazil et al., 1983), 

stem cell activating factor (SAF) (Wagemarker et al., 1981) 

and mast cell growth factor (Yung et al., 1981) . 

Characterization of CSFs 

Colony-stimulating factors can be found in a wide variety 

of body fluids, the conditioned media of cell lines, 



leukocytes, placenta, lung, spleen and other tissues 

(Metcalf, 1984; Stanley and Guilbert, 1981; Yunis et al., 

1983) . Because CSFs can be isolated only in minute amounts 

from natural sources, biological and biochemical studies have 

been limited. Advances in high performance liquid 

chromatography (HPLC) and gas phase sequencing have 

facilitated the purification and partial amino acid sequence 

determination of murine GM-CSF (Burgess et al., 1977; Sparrow 

et al., 1985), murine CSF-1 (Burgess et al., 1985; Miller 

et al., 1985), murine G-CSF (Nicola et al., 1983), murine 

multi-CSF (Ihle et al., 1983; Clark-Lewis et al., 1984; 

Cutler et al., 1985), human GM-CSF (Wong et al., 1985), 

human CSF-1 (Kawasaki et al., 1985; Shieh et al., 1987), and 

human G-CSF (Nomura et al., 1986; Welte et al., 1985). The 

introduction of recombinant DNA techniques into the CSF field 

has had a dramatic effect on progress in characterizing these 

molecules. As shown in Table I, the molecular biology of 

CSFs , not only allowed the complete amino acid sequence of 

the polypeptides to be deduced.and information to be gathered 

regarding the organization of the CSF genes, but it also 

solved the problem of purifying enough CSF for studies of 

their action in vivo. Based on N-terminal amino acid data 

obtained from purified CSFs, oligonucleotide probes have been 

synthesized and used to isolate the cDNA of these CSFs 

(Kawasaki et al., 1985; Lee et al., 1985; Nagata et al., 



TABLE I 

MOLECULAR BIOLOGY OF THE CSFS 

Type of 

CSF 

Deduced molecular Exons in gene Chromosomal 

weight of location 

polypeptide 

Murine 

GM-CSF 

G-CSF 

M-CSF 

Multi-CSF 

1 4 , 4 0 0 

1 9 , 1 0 0 

1 8 , 0 0 0 (x2) 

2 1 , 0 0 0 (x2) 

16,200 

4 

5 
? 

11 

11 

1 

11 

Human 

GM-CSF 

G-CSF 

M-CSF 

Multi-CSF 

1 4 , 7 0 0 

1 8 , 6 0 0 

2 4 , 6 0 0 (x2) 

5 7 , 6 0 0 (x2) 

1 5 , 4 0 0 

4 

5 

10 

5q21-q31 

17q21-q22 

5 q 3 3 . 1 

5q21-q31 



1986; Souza et al., 1986). The total amino acid sequences of 

mouse GM-CSF (Gough et al., 1984), mouse multi-CSF (Fung et 

al., 1984; Yokota et al., 1984), human GM-CSF (Wong et al., 

1985; Gasson et al., 1984; Cantrell et al., 1985; Lee et 

al., 1985), human CSF-1 (Kawasaki et al., 1985) and human G-

CSF (Welte et al., 1985; Souza et al., 1986; Nagata et al., 

1986) have been derived from their cDNA. The CSF(s) are 

encoded by a single gene in both mouse and man. In the 

mouse, GM-CSF and multi-CSF have been mapped close together 

on chromosome 11, which also contains the G-CSF. Part of 

murine chromosome 11 is homologous to the long arm of human 

chromosome 5, and the human GM-CSF, multi-CSF, as well as the 

M-CSF have all been mapped to this region of chromosome 5. 

Another part of chromosome 11 is homologous to human 

chromosome 17, and it is on this chromosome that the human G-

CSF gene is found at q21-q22. 

The biological and biochemical nature of CSFs have been 

well studied and are shown in Table II. Because of technical 

limitations, the carbohydrate content in CSFs could not be 

established from the small amounts of native material able to 

be purified from natural sources, but it can now be deduced 

from the known size of the recombinant polypeptides. Studies 

with nonglycosylated or alternatively glycosylated 

recombinant hemopoietic growth factors have suggested that 



TABLE II 

BIOCHEMICAL NATURE OF THE CSFS 

Type of Alternative Purified Molecular Form 

CSF names from medium weight* 

conditioned by: 

Murine 

GM-CSF MGI-1GM Lung 18,000-25,000 Monomer 

G-CSF MGI-1G Lung 25,000 Monomer 

M-CSF CSF-1, MGI-1M L-cells 45,000-90,000 Dimer 

Multi-CSF IL-3 T-lymphocytes,18,000-30,000 Monomer 

WEHI-3B 

leukemic cells 

Human 

GM-CSF Pluripoietin a, Mo leukemia 18,000-30,000 Monomer 

CSFa cells 

G-CSF Pluripoietin, 5637 bladder 20,000 Monomer 

CSFfi cancer cells 

M-CSF CSF-1 Urine, 45,000-90,000 Dimer 

MIA PaCa-2 

pancreatic 

cancer cells 

Multi-CSF IL-3 T-lymphocytes 15,000-30,000 Monomer 

* Variations in apparent molecular weights of native CSFs are 

due to glycosylation differences. 
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the main role of the corbohydrate is to enhance the 

solubility, stability, and resistance to proteolysis of the 

factors. With the exception of M-CSF, which is composed of 

two identical, disulfide-linked subunits, all the other 

factors (GM-CSF, G-CSF, and Multi-CSF) are single subunit 

proteins. Despite their similar size and general molecular 

nature as well as their overlapping biological specificities, 

each of the factors is encoded by a single unique gene (Table 

I), and shows no extended sequence homology with any of the 

other factors. 

Receptors for CSFs 

The lack of homology or structural similarity between the 

four CSFs, their glycoprotein nature, and their ability to 

act at very low molar concentrations predict that specific 

membrane receptors for the CSFs should exist and should be 

unique for each of the different types. Table III (Nicola, 

1989) lists the properties of the CSF receptors on murine and 

human marrow cells. From their different sizes it is clear 

that the receptors are likely to be distinct molecules, and 

each appears to be a monomer. The M-CSF receptor has been 

identified by chemical cross-linking and affinity 

purification as a single-chain glycoprotein tyrosine kinase 

(Morgan and Stanley, 1984; Yeung et al., 1987). M-CSF 

binding to its receptor stimulates its tyrosine kinase 



TABLE III 

MEMBRANE RECEPTORS FOR THE CSFS ON MURINE 

AND HUMAN CELLS 

n 

Type of Molecular Approximate 

CSF weight Kd at 37°C 

(PM) 

Range of receptor 

numbers per 

positive marrow 

cell 

Murine 

GM-CSF 5,000 189 176 

115,000 

G-CSF 150,000 518 185 

M-CSF 165,000 400 4600 

Multi-CSF 55,000 244 97(486) 

75,000 

130,000 

Human 

GM-CSF 85,000 250 200-500 

G-CSF - 500 50-300 

M-CSF 165,000 1000 105 

Multi-CSF — 100 100 

*Data modified from N.A. Nicola,Annu. Rev. Biochem. (1989) 

58:45-77, Table 3. 
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activity and results in autophosphorylation of tyrosine 969 

on the intracellular side. The G-CSF receptor has been 

identified by chemical cross-linking as a single-chain 

glycoprotein of about 150,000 in molecular weight (Nicola and 

Peterson, 1986) . Multi-CSF receptors have been identified by 

chemical cross-linking either as a single-chain protein of Mr 

75,000, two noncovalently linked chains of Mr 75,000 and 

55,000, or a third chain of Mr 113,000 (Nicola, 1987; Nicola 

and Peterson, 1986; Park et al., 1986). Despite this complex 

situation, only a single class of binding site has been 

described with apparent Kd varying from 100 to 1000 pM 

(Nicola, 1987; Park et al., 1986; Palaszyski and Ihle, 1984). 

The possible reason for the large difference of receptor 

number per cell is the heterogenity in the cell population as 

obtained by different groups. Chemical cross-linking of GM-

CSF to its receptor on murine cells identified a receptor of 

Mr 51,000 (Walker and Burgess, 1985) or 130,000 (Park et al., 

1986) . 

The involvement of the hemopoietic growth factors and 

their receptors in regulating blood cell proliferation raises 

the possibility that dysregulation of these molecules may be 

involved in the generation of leukemias or other cancers. 

The close relationship of platelet-derived growth factor to 

the v-sis oncogene (Doolitte et al., 1983), as well as of the 

epidermal growth factor receptor to the v-erb B oncogene 
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(Downward et al., 1984), serves to reinforce this argument. 

The M-CSF receptor is the cellular fms oncogene, since both 

proteins are tyrosine kinases, have the same size, and have a 

similar cellular distribution. M-CSF binds to the chicken 

viral fms oncogene, and some antibodies to this viral 

oncogene precipitate the M-CSF/receptor complex with 

associated tyrosine kinase activity (Sherr et al., 1985). 

Finally, 3T3 fibroblasts transfected with an expressable c-

fms construct become responsive to M-CSF for enhanced 

proliferation (Roussel et al., 1987). C-fms or the M-CSF 

receptor has been molecularly cloned and is clearly 

homologous to the receptor for PDGF (Coussens et al., 1986; 

Rothwell and Rohrschneider, 1987). It contains a 4 90- amino 

acid extracellular domain at the N-terminal end with limited 

homology to the immunoglobulin supergene family and a 536-

amino acid intracellular domain and a tyrosine 

phosphorylation site. Two point mutations in the 

extracellular domain are likely to be the main cause of the 

transforming potential of v-fms. However, the deletion of 40 

amino acids at the C-terminal end of v-fms relative to c-fms 

results in the deletion of a tyrosine autophosphorylation 

site and this deletion also enhances the transforming 

potential of v-fms (Roussel et al., 1987). 

Future Prospect and Clinical Application 
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The isolation of cDNA encoding murine IL-3 and GM-CSF as 

well as human GM-CSF, CSF-1 and G-CSF has greatly facilitated 

the analysis of the biological properties of these regulatory 

molecules both in culture and in animals (Donahue et al., 

1986; Kindler et al., 1986; Metcalf et al., 1986). The 

ability of CSFs to assist in hemopoietic recovery or to 

augment hemopoietic responses in compromised animals has also 

been assessed in vivo. G-CSF administered to 

cyclophosphamide-treated mice prevented the depression of 

blood neutrophil levels and enhanced the rate of hemopoietic 

recovery in the spleen resulting in a profound protection of 

these mice from lethal doses of a variety of bacteria 

(Matsumoto et al., 1987). This advanced hemopoietic recovery 

after bone marrow ablation has also been seen in monkeys 

(Welte et al., 1987) and man (Bronchud et al., 1987; Morstyn 

et al., 1988; Gabrilove et al., 1988). GM-CSF was shown to 

synergize with IL-1 in exerting a radioprotective effect on 

lethally irradiated mice (Neta et al., 1988), and to 

significantly shorten the period of neutropenia in a monkey 

model of autologous bone marrow transplantation following 

irradiation (Monroy et al., 1987). Multi-CSF increased the 

recovery of multipotential hemopoietic stem cells in the 

spleen of irradiated mice and increased the cell cycling 

status of progenitor cells in the bone marrow and spleen of 

mice pretreated with cyclophosphamide (Kindler et al., 1987; 
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Broxmeyer et al., 1987). M-CSF also increased the cycling 

status of hemopoietic progenitor cells in the bone marrow of 

mice pretreated with the myelosuppressive agent lactoferrin 

(Broxmeyer et al., 1987). The biological and biochemical 

characterization of these CSFs haye been reported recently 

(Broxmeyer et al., 1986; Emerson et al., 1985; Gasson et 

al., 1986; Okabe and Takaku, 1985; Park et al., 1986). 

Certain general comments can be made regarding the properties 

of the CSFs as shown in Table 2 (Metcalf, 1988; Nicola, 

1989). 

These actions of the CSFs in augmenting hemopoietic 

responses or hemopoietic recovery in models of 

myelosuppression have indicated that they should find 

clinical use in immunocompromised or hematologically impaired 

patients. Indeed, first phase I/II clinical trials with G-

CSF and GM-CSF have now been reported. GM-CSF and G-CSF have 

been used in patients with the acquired immunodeficiency 

syndrome (AIDS) (Groopman et al., 1987), in patients 

receiving chemotherapy for cancer (Bronchud et al., 1987; 

Morstyn et al., 1988; and Gabrilove et al., 1988), and in 

patients with anemias associated with myelodysplastic 

syndrome (Vadhan-Raj et al., 1988; Antin et al., 1988). The 

results in these patients have been very encouraging, with 

the animal models serving as a good guide to the 

effectiveness of the CSFs in patients with respect to an 
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increase circulating blood cell levels, an increase in 

hemopoietic recovery rates, and a reduction in the numbers of 

days of neutropenia. 

Regulation of CSFs 

If the mandatory role of CSFs in stimulating granulocyte 

and macrophage formation in vitro is a valid evidence that 

CSFs regulate the formation of these cells in vivo, it is of 

importance to establish the cellular sources of the CSFs and 

the nature of the mechanisms regulating their levels and 

rates of production. Recent studies have shown that CSF 

synthesis is well regulated. Its synthesis can be induced or 

stimulated by a variety of chemicals and mediators such as 

lymphokines. However, the molecular mechanism of the signal 

transduction of the inducers is not very well understood. 

Interleukin 1 is a member of the monokine family produced 

primarily by monocytes. It is a key mediator of the host 

response to infections, inflammations, and immunological 

challenges, and is a molecule characterized initially as 

inducing expression of IL-1 receptors on T-lymphocytes and 

allowing responsiveness of these cells to stimulation by IL-

2. Monocytes, T-lymphocytes, B lymphocytes, hepatocytes, 

neutrophils, fibroblasts and endothelial cells can be 

stimulated by IL-1 to generate many features of the 

inflammatory reaction. The effects of acute and chronic 
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inflammation on the hematopoietic system include release of 

neutrophils from the vascular marginal pool, premature 

release of neutrophils from the marrow into circulation, 

enhanced neutrophil chemotaxis to, and activation at, sites 

of inflammation, and a sustained increase in neutrophil and 

monocyte production. Many of these responses are evoked by 

various CSFs in vitro. Zucali et al.(1986) have shown that 

IL-l-stimulated fibroblasts produce GM-CSF and Prostaglandin 

E2• Recently, Segal and Zsebo et al.(1987 & 1988) have 

reported that IL-1 stimulated endothelial cells to release 

multilineage human CSF activity in addition to GM-CSF as 

previously reported. Ralph et al. (1986) have also reported 

that phorbol myristic acetate (TPA) stimulated CSF-1 

production from MIA PaCa-2 cells and that the increase of 

CSF-1 production is correlated with mRNA expression. 

The human pancreatic carcinoma cell line MIA PaCa-2 

established by Yunis et al (1977) has been used as a rich 

source for CSF-1 purification (Wu et al., 1979; Shieh et al., 

1987) and has also provided a cell line for cloning of the 

CSF-1 cDNA (Kawasaki et al., 1985). In this study, the MIA 

PaCa-2 cell line will be used as CSF-producing cell to 

investigate the effect of IL-1 on the synthesis and release 

of CSF-1. Specifically, the questions asked are the 

following. What is the mechanism of signal transduction in 

this IL-1 induced CSF-1 production? Is the induction of CSF 
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synthesis by different inducers, such as IL-1 and TPA, 

regulated by a common mechanism or different mechanisms? 

GTP-binding proteins, known as G proteins, play important 

roles in transducing signals generated by the binding of 

specific ligands to cell surface receptors. When G-protein-

associated receptors, located in the cell membrane, are 

activated by a signal from outside the cell, they cause G-

proteins to release GDP, and to bind GTP which activates G-

protein-linked systems. On the other hand, hydrolysis of GTP 

is responsible for deactivation of these responses. Certain 

bacterial toxins that ADP-ribosylate specific G proteins (Ĝ  

or Gs) have been discovered the first identified was cholera 

toxin and the ADP-ribosylate activity was subsequently shown 

for pertussis toxin. 

Cholera toxin is produced by the bacterium Vibrio 

cholerae, which attaches to cells in the lining of the small 

intestine and releases its toxin there. The toxin catalyzes 

the transfer of an ADP-ribose moiety from nicotinamide 

adenine dinucleotide (NAD) to the a subunit of Gs, activating 

of adenylyl cyclase with a resulting overproduction of cAMP. 

Another bacterial toxin, pertussis toxin (PTX), produced 

by Bordetella pertussis, the organism responsible for 

whooping cough, also interacts with a G-protein of the 

adenylyl cyclase system. PTX transfers an ADP-ribose moiety 
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from NAD to G i a. This modification inhibits G-protein by 

causing the protein to uncouple from its receptor and 

increase basal adenylate cyclase activity. The result is 

also to increase cAMP levels. 

Cyclic AMP is one of the most important second messengers 

to regulate intracellular reactions in both procaryotic and 

eukaryltic cells. Many hormones and local chemical mediators 

work by controlling cAMP levels, and they do so by regulating 

adenylate cyclases and phosphodiesterase activity. Just as 

the same steroid hormone produces different effects in 

different target cells, so different target cells respond 

very differently to external signals that change 

intracellular cyclic AMP levels. As reported, adenosine-

s' : 5 ' -monophosphate (cAMP) and prostaglandin E2 (Tisman and 

Herbert, 1973; Morley et al., 1971) inhibit colony growth in 

both mouse and human marrow assays, whereas cGMP enhances 

colony formation (Oshita et al., 1977). The effect of 

prostaglandin (PG) on CFU-GM growth has also been extensively 

studied (Kurland and Moore, 1977; Kurland et al., 1978; Pelus 

et al., 1981; Kurland et al., 1978). Kurland et al. (1978) 

have reported that the production of PGE2 by macrophages 

causes the inhibition of CSF production. Suppression of PGE2 

synthesis by indomethacin markedly increases production of 

CSF, thus enhancing colony formation. The role of CSF and 

PGE2 in positive and negative feedback control of myeloid 
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differentiation has also been proposed. Miller et al.(1978) 

examined the role of the F series of prostaglandin and found 

that PGF2 enhances colony growth. However, the effect of PGF2 

on CSF production has not been reported. Extensive studies on 

the inhibitory effect of lactoferrin on myelopoiesis have 

been conducted and reported by Broxymeyer and his coworkers 

(1976;1978;1980) . 

Horiguchi et al. (1988) reported that TPA stimulates 

monocytes to produce CSF-1 and this effect is clearly under 

transcriptional and post-transcriptional control. Phorbol 

ester can bind and activate protein kinase C (PKC) in cell 

free systems as well as in intact T cells. A recent article 

by Horiguchi et al. (1989) on the regulation of TNF 

production in HL-60 cells by TPA has indicated that although 

PKC is a strong candidate in the signal transducing process, 

the release of arachidonic acid and its metabolites such as 

PGE2 and leukotriene B4 may also be involved in the 

regulation. These findings raise several questions. Are 

these mechanisms involved in the IL-1 induced production of 

CSF? If they are not, then what is the specific mechanism of 

IL-l-induced CSF production in the MIA PaCa-2 cell system? 

Although the MIA PaCa-2 cell is a well established CSF-1 

producing cell line, there are always criticisms about 

extrapolating the results from a transformed or cancer cell 

line to normal and physiological conditions. It would be 
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necessary to confirm the result from the proposed experiment 

to other cell systems that are closer to physiological and 

are IL-1 dependent in their expression of CSF activity. For 

this reason, we also use human lung fibroblast cell and human 

umbilical cord endothelial cell systems to study their 

responses to IL-1 in inducing CSF synthesis and release. 

From the preliminary results shown, the induction of CSF by 

IL-1 in fibroblast and endothelial cells are very similar to 

MIA PaCa-2 cells. However, whether the signal transduction 

mechanism(s) is/are the same as the one in MIA PaCa-2 cells' 

remain(s) for further study. 



CHAPTER II 

MATERIALS AND METHODS 

Human Pancreatic Carcinoma Cells 

Cell culture. Human pancreatic carcinoma cell line, MIA 

PaCa-2 cells (Yunis et al, 1977) were cultured in Dulbecco's 

modified Eagle's medium (DME) (Flow Lab., Inc., McLean, 

Virginia), supplemented with 5% fetal calf serum (FCS, Flow 

Lab., Inc., McLean, Virginia), 3% newborn calf serum, 

penicillin (100 u/ml), and streptomycin (100 ug/ml) at 37°C 

under 6% C02 (Wu et al., 1979). When cells reached 

confluency, the growth mediun was removed and the culture was 

rinsed with phosphate-buffered saline (PBS), then serum-free 

DME medium was added. Different concentrations of lymphokine 

and other modulators were added to the culture. The 

incubation was then continued for different periods of time, 

depending on the culture conditions which are specified for 

each effectors. The conditioned media thus prepared were 

assayed for CSF-1 activity as described below. 

Mouse Marrow Assay for CSF-1. The soft agar assay of mouse 

bone marrow cells was carried out as described previously 

(Fojo et al., 1978). Bone marrow cells were obtained from 

22 
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the femora of C57BL/6J (Charles River Breading Lab., Stone 

Ridge, MA) inbred mice. Bone marrow cells were expelled by 

inserting a 21 1/2 gauge needle into the proximal end of 

femora and forcibly rinsing out the contents with 3 ml of 

ice-cold DME medium. The cell suspension was evenly 

dispersed by gently aspirating up and down 10-15 times using 

the syringe. An aliquot of cell suspension was diluted 20 

times in 1.5 ml of glacial acetic acid and shaken in a 

pipetor shaker (Clay Adams, N.J.) for 1 min. The number of 

nucleated cell was counted using a hemocytometer. For the 

culture medium, double strength DME medium containing 20% 

FCS, 20% horse serum, 19.8 Hg/ml of asparagine, 75 (Ig/ml of 

DEAE Dextran, 100 units/ml of penicillin, 100 Hg/ml of 

streptomycin and 7.6 mg/ml of sodium bicarbonate were mixed 

with an equal volume of 0.6% agar at 37°C. The bone marrow 

cells were immediately added to this culture mediun at a 

final cell concentration of 105 nucleated cells/ml. One ml 

of cell suspension was dispensed into 35 mm petri dishes 

containing 0.2 ml of sample to be assayed. The dishes were 

then swirled to ensure an even distribution and left at room 

temperature for 30 min to allow the agar to gel. Dishes were 

then incubated at 37°C under 6% CO2 for 5 days. Aggregates 

of 50 or more cells were counted as colonies using a 

dissecting microscope. One unit of CSF-1 activity is defined 

as the amount of activity that stimulates the formation of 
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one colony under the specified conditions of the assay. 

RNA Isolation and Northern Blots. Total cellular RNA was 

obtained from 5 to 10 x 107 IL-l-treated or control MIA PaCa-

2 cells after lysis in 4 M guanidium isothiocyanate and 

centrifugation through 5.7 M cesium chloride as described by 

Chirgwin et al. (1979). Twenty micrograms of cellular RNA was 

separated on 1.4% agarose gels containing 6.7% formaldehyde. 

Parallel RNA samples were stained with ethidium bromide to 

visualize 28S and 18S ribosomal RNA bands. Fractionated RNA 

was transferred to a nylon membrane (Hybond-N, Amersham) in 

10X SSC (IX SSC = 0.15 M NaCl/15 mM Na citrate, pH 7.0, 10 mM 

Na phosphate monobasic, 10 mM Na phosphate dibasic) and was 

cross-linked by exposure to UV light 3 to 5 min. Membranes 

were prehybridized at 42°C for 4-6 hrs in 5X SSC, 2X 

Denhardt's (50X Denhardt's = 1 g Ficoll, 1 g polyvinyl-

pyrrolidone, 1 g BSA (Pentax Fraction V) in H20 at a final 

volume of 100 ml), 50 mM sodium phosphate, pH 7.0, 20% 

formamide, 10% dextran sulfate, 1 mM sodium pyrophosphate, 50 

|J.g/ml ATP, and 50 |ig/ml salmon sperm DNA. Ten to twenty-

million counts per minute of probe were added to 10 ml of 

prehybridization solution and the blot was hybridized at 42°C 

for 12-16 hrs. The blots were then washed sequentially in 2X 

SSC/0.1% NaDodS04 at 20®C, 40®C, and 65°C and prepared for 

autoradiography. 
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Recombinant IL-1. Recombinant IL-lfi (R006 IL-1 & R006B IL-1) 

is a gift from J. R. Zucali of University of Florida, 

Gainesville, Florida. The stock solution is 700 |ig/ml in DME 

medium. Recombinant IL-ia(rHu.IL-ia(117-271) Ro 24-5008) is 

a gift from Hoffmann-La Roche Inc.(Nutley, New Jersey 07110). 

The specific activity is 3 x 108 u/mg and the activity is 2 x 

108 u/ml by D10 assay. Stock solutions are kept in freezer (-

20°C) until use. 

Effect of CSF-1 Production by IL-1. A series of studies 

showed that IL-l-induced Colony-stimulating Factors 

production in several different types of cell cultures such 

as fibroblasts, endothelial cells and peripheral monocytes. 

In this study, IL-1 was used to examine its effect on CSF-1 

production as well as the possible mechanism of the signal 

transduction involved in the induction. After confluence, 

growth medium was removed from MIA PaCa-2 cells. The cells 

were washed with PBS and DME-serum free medium was added. 

IL-1 at the final concentrations of 0, 0.7, 7.0, 70.0 and 

700.0 ng/ml was added to the culture plates and incubated for 

an additional 72 hours. The media were harvested by the end 

of culture, desalted by PD-10 (Pharmacia), sterilized by 

filtration and assayed for CSF-1 activity in triplicate 

plates. The control experiment has been carried out by 

adding IL-1 directly to the assay dish with or without CSF-1 
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added to check if IL-1 has any colony formation on mouse 

marrow. 

Time Course of IL-l-induced CSF-1 Production. Confluent MIA 

PaCa-2 cells in DME serum free medium were cultured with IL-1 

(7 ng/ml) for the indicated time (0, 4, 8, 16 and 20 hr), or 

without IL-1 for 20 hr. The media were harvested, desalted 

by PD-10, sterilized by filtration and assayed for CSF-1 

activity. 

Effect of IL-l-induced CSF-1 Production by Pertussis Toxin. 

The effect of IL-1 on CSF-1 production is probably mediated 

through a signal transduction process involving the coupling 

of G protein(s). Pertussis toxin (List Biological Lab., 

CA),which catalyzed the ADP-ribosylation of Gj_ component thus 

activating the adenylate cyclase was used as a probe to study 

this induction process. Confluent MIA PaCa-2 cells in serum-

free DME were incubated with IL-1 (7 ng/ml) and pertussis 

toxin at concentrations of 0, 10, 100, 200 ng/ml for 72 

hours. The conditioned media were harvested, desalted by PD-

10, sterilized by filtration and assayed for CSF-1 activity 

as described above. 

Effect of Pertussis Toxin and Benzamide. Benzamide, an ADP-
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ribosylation inhibitor is used in this experiment to examine 

whether the inhibition of pertussis toxin catalyzed ADP-

ribosylation can reverse the inhibitory action of pertussis 

toxin. Confluent MIA PaCa-2 cells in serum-free medium were 

incubated with IL-1 (7 ng/ml), pertussis toxin (200 ng/ml) 

and benzamide (2 mM) separately or in combination for 3 days. 

The conditioned media thus prepared were assayed for CSF-1 

activity as described above. 

Effect of Cholera Toxin and p-Methoxylbenzylamino 

Decamethylene Guanidine Sulfate (MBAMG). Similar to the 

effect of pertussis toxin, cholera toxin was used to test 

whether it can also inhibit the IL-1 induced CSF-1 

production. Cultured MIA PaCa-2 cells in serum-free DME were 

incubated with IL-1 (7 ng/ml) and at different final 

concentrations of cholera toxin (Sigma Chem. Company, MO), 

and MBAMG for 3 days. The conditioned media were then 

assayed for CSF-1 activity. 

Effect of IL-l-induced CSF-1 Production by Dibutyryl-cAMP. 

In order to examine further how cAMP is involved in the 

regulation of IL-1 induced CSF-1 production, cultured MIA 

PaCa-2 cells in serum-free DME was incubated with or without 

IL-1 (7 ng/ml) and dibutyryl-cAMP (10~6 M) for 48 hours. The 

conditioned media were assayed for CSF-1 activity. The stock 
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solution of dibutyryl-cAMP (10~3M) was prepared in absolute 

ethanol and kept at -20°C until use. 

Effect of CSF-1 Production by Theophylline, Forskolin and 

Indomethacin. . Compounds such as Theophylline, Forskolin and 

Indomethacin which directly or indirectly affect the cellular 

cAMP level are used to further study the role of cAMP in 

regulating CSF-1 synthesis. The stock solution of Forskolin 

and Indomethacin are prepared in 100% DMSO and absolute 

ethanol respectively, and Indomethacin is dissolved in 100% 

absolute ethanol. Confluent MIA PaCa-2 cells in serum-free 

DME media were incubated with 0, 0.01, 0.1, 0.5 mM of 

Theophylline (Sigma), or 1.65, 3.3, 6.6 HM of Forskolin 

(Sigma) or 1, 10, 50 nM Indomethacin (Sigma) to a final 

volume of 2.5 ml. After 18 hrs incubation, the medium was 

harvested and assayed for CSF-1 activity. 

Radioimmunoassay of cAMP. The level of cAMP from CSF-1 

stimulation or inhibition study are measured by 

radioimmunoassay according to the procedure of Hopkin and 

Gorman (1981). Briefly, cells (3 x 106) in 60 mm culture 

dishes are treated with 1 mM theophylline or 1 mM 3-isobutyl-

1-methylxanthine at 37°C for 10 min prior to addition of 7 

ng/ml IL-1. At different time intervals, 0.5 ml of 10% 

trichloroacetic acid is added to terminate the reaction and 
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aqueous samples are extracted three times with 10 volumes of 

diethylether (5 ml each time). The diethylether phase is 

evaporated under a stream of air, and the residue dissolved 

into 50 mM sodium acetate buffer, pH 6.2. The cAMP 

immunoassay kit is purchased from NEN Research Products (NEK-

033). The radioimmunoassay of the cAMP is carried out as 

suggested by the manufacturer. Briefly, samples obtained 

from above along with standards were incubated with 125I-

labled working tracer, cAMP carrier serum, and antiserum 

complex for 16 to 18 hrs at 2-8°C, then the cAMP precipitator 

was added and centrifuged at 1200 x g for 15 min at 2-8°C. 

After centrifugation, the supernatant was decanted and the 

pellets were counted in a gamma counter (Parkard 5210, Auto-

Gamma) . 

Treatment of IL-1 and Guanylylimidodiphosphate (GppNHp) 

Inhibited the ADP-Ribosylation of by PTX. Confluent MIA 

PaCa-2 cells were preincubated with IL-1 (13.6 ng/ml) and 

GppNHp (30 |AM) for 4 hours then PTX (200 ng/ml) .was added for 

additional 2 hours. At the end of incubation, the media were 

harvested and assayed for CSF-1 activity. 

Effect of CSF-1 Production by 12-0-tetradecanoylphorbol-13-

acetate (TPA). Phorbol esters have been shown to stimulate 

CSF productions in cell culture system. In this experiment, 
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TPA was used as a second stimulator beside IL-1 to study 

whether different stimulators exerted different signal 

transduction mechanism in inducing CSF-1 synthesis. The 

confluent MIA PaCa-2 cells in serum-free DME medium were 

incubated with or without TPA (Sigma) at 6.1, 12.2, 24.4 and 

48.8 ng/ml for 18 hrs. The media were harvested and assayed 

for CSF activity. The stock solution of phorbol ester is 10" 

4 M in 20% DMSO. 

Effect of IL-l-Induced CSF-1 Production by l-(5-

Isoquinolinesulfonyl)-2-methylpiperazine Dihydrodrochloride 

(H-7;) and N- (2-quanidinoethyl) -5-lsoquinolinesulfonamide 

Hydrochloride (HA1004). Two protein kinase inhibitors were 

used in this study to differentiate whether the IL-l-induced 

CSF-1 production involved cAMP-dependent protein kinase or 

cAMP-independent protein kinase process as the signal 

transduction mechanism. The confluent MIA PaCa-2 cells in 

serum-free DME medium were incubated with 25 fiM H-7 or HA1004 

(Seikagaku America, Inc., St-Peterburg, Fl) for two hours 

before the IL-1 (7 ng/ml) was added. After 18 hours of 

incubation, the medium was harvested and assayed for CSF-1 

activity. The stock solutions of H-7 and HA1004 are 10 mM in 

distilled water. 

Effect of TPA- Induced CSF-1 Production by H-7 and HA1004. 
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To petri dishes with confluent cultured MIA PaCa-2 cells was 

added serum-free DME medium and incubated with H7 or HA1004 

for two hr before TPA (10 ng/ml) was added. Incubation was 

continued for 18 hrs and the media were harvested and assayed 

for CSF-1 activity. The H-7 and HA1004 stock solution is 

prepared as described above. 

Effect of CSF-1 Production by Ionophore A23187 and Calcium. 

Ionophore and calcium are used to test whether other second 

messenger in the signal transduction processes may also be 

involved in CSF-1 synthesis. The stock solution (1 mM) of 

the ionophore A23187 were prepared in dimethyl sulfoxide 

(DMSO). Confluent MIA PaCa-2 cells in serum-free DME media 

were incubated with 0, 0.1, 1, 10, 20 |IM of ionophore A23187, 

or 0, 1, 5, 10, 20 mM of CaCl2^ at final volume of 2.5 ml. 

After 18 hrs of incubation, the media were harvested and 

assayed for CSF-1 activity. 

Effect of CSF Production by L-<*l-oleoyl-2-acetoyl-sn-3-

glycerol (OAG). Diacylglycerol (DAG) is generated by 

activating G protein in the phosphotidylinositol breakdown 

pathway, and used to investigate whether this breakdown 

pathway is involved in the regulation of CSF synthesis 

induced by effectors. Confluent MIA PaCa-2 cells in serum 

free DME medium were incubated with 0, 25, 50, 100, 200 ÎM 
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OAG ( a DAG derivative; Avanti Polar Lipids, Inc., Pelham, 

Al), in a final volume of 2.5 ml. After 18 hrs incubation, 

the media were harvested and assayed for CSF-1 activity. 

Human Lung Fibroblast Cells 

Cell Culture of Fibroblasts. Human lung fibroblasts (CCL 

202) were obtained from the American Type Tissue Culture 

Collection and cultured in DME medium supplemented with 10% 

FCS. Cells were subcultured by treatment with 0.05% 

trypsin/0.02% EDTA and resuspended in fresh DME medium with 

10% FCS and reseeded at a 1:2 to 1:4 dilution. Another lung 

fibroblast cell line was obtained from A. A. Yunis of 

University of Miami School of Medicine and was culture as 

previously described (1978). 

Time Course of IL-l-induced CSF-1 Production. Confluent CCL 

202 fibroblast cells in DME serum free medium was cultured 

with IL-1 (7 ng/ml) for the indicated time (0, 4, 8, 16 and 

20 hr), or without IL-1 for 20 hr. At the end of incubation, 

the media were harvested, desalted by PD-10, sterilized by 

filtration and assayed for CSF-1 activity. 

Preparation of Fibroblast Cells Conditioned Medium. When the 

fibroblast cells reached confluency, the growth medium was 

removed and the culture was rinsed with PBS, then changed to 
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serum-free DME medium. None or fixed concentration of IL-1 

(7 ng/ml) were then added to the culture. The incubation was 

continued for an additional 18 hrs, and conditioned media 

were then harvested for the fractionation. Or, the 

incubation was continued for an additioned 8 hrs, and the 

total RNA was isolated from the cells. 

Fractionation of Fibroblast Conditioned Medium on Ultrogel 

AcA 54 Gel Filtration Column. The conditioned media from two 

fibroblast cell lines prepared under different conditions 

were concentrated by ultrafiltration with an Amicon stirred 

cell concentrator (PM-10 membrane). The concentrated samples 

were applied to a gel filtration column of Ultrogel AcA54 

(1.2 x 110 cm, Ultrogel, LKB 2204-540), and eluted with 0.01 

M Tris-HCl, pH 7.6, with 0.3 M NaCl, 0.01% NaN3, and 0.01% 

PEG. The flow rate was 11.5 ml/hr, and 2.5 ml fractions was 

collected. Every other fraction from the column was assayed 

for CSF activity. 

RNA Isolation and Northern Blots. Total cellular RNA was 

obtained from 5 to 7 x 107 IL-l-treated or control CCL 202 

fibroblast cells by lysing in guanidium isothiocyanate as 

described above. Twenty micrograms of cellular RNA was 

separated on 1.4% agarose gels containing 6.7% formaldehyde. 

The agarose gel was then transferred to a nylone membrane and 
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cross-linked by exposure to UV light for 3 to 5 min. 

Prehybridization and hybridization were then carried out as 

described in the MIA PaCa-2 cell section. The blot was 

washed sequentially in 2X SSC/0.1% NaDodSO^ at 20, 40 and 65 

°C and prepared for autoradiography. 

Anti CSF-1 antibody neutralization study. HLF conditioned 

media with or without TNF (5 ng/ml) treated were fractionated 

by Ultrogel AcA54 column, and the different activity area 

were pooled as high molecular weight area of peak I (M.W 

>70,000 area) and low molecular weight area of peak II(M.W 

45,000-25,000). Anti-CSF-1 antibody at 1:100 dilution was 

incubated with samples from peak I and peak II in petri-

dishes at room temperature for an hour then assayed for CSF-1 

activity as described. Pre-immue IgG fraction is used as 

control. 

Human Umbilical Cord Endothelial Cells 

Effect of IL-1 in Cultured Endothelial Cells. Endothelial 

cells were obtained from human umbilical cord vein by the 

method of Ku (1987). The cells were cultured in 60 x 15 mm 

dishes (Falcon 3802, Primaria culture dish) with M199 medium 

containing 20% human serum, 90 |lg/ml heparin, 25 |Xg/ml 

Endothelial Cell Growth Supplement (40006, Collaborative 
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Research, INC) and 5 |lg/ml Amphotericin B. The dishes were 

incubated at 37°C under 6% C02. The monolayer of endothelial 

cells were cultured under these conditions with the growth 

medium changed every 72 hrs. The confluent cultured 

endothelial cells were scraped with a rubber policeman and 

split 1:3 in culture dishes (60 x 15 mm). For the IL-1 

induced-CSF production experiment, confluent endothelial 

cells in serum free M199 medium were cultured with 0, 0.7, 

7.0 and 70.0 ng/ml of IL-1 for 72 hrs then the media were 

harvested, desalted on a PD—10 column, sterilized by 

filtration and assayed for CSF activity. 

WEHI-3BD+ Assay. G—CSF is able to induce a myelomocytic 

leukemia cell line WEHI-3BD4" to undergo terminal 

differentiation , while the other murine CSFs (GM-CSF, M-CSF 

and multi-CSF) show little or no differentiation-inducing 

activity (Nicola et al., 1985). We test whether IL-1 induce 

G-CSF synthesis in endothelial cell culture by WEHI-3BD+ cell 

assay. The myelomonocytic leukemic cell line WEHI-3BD+ cells 

(300 cells/ml) and assay samples were added to the 0.3% agar 

in DME-FCS culture medium as shown in mouse marrow assay. 

The culture plates were incubated for 6 days as in CSF-1 

assay and the total number of colonies and the number of 

dispersed WEHI-3BD+ colonies were scored separately. 

Dispersed colony is indicative of macrophage differentiation 
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because phagocytes can migrate in the soft-agar to form loose 

and dispersed colonies. One unit of differentiation activity-

was defined as one percent of dispersed colony formation 

under the specified conditions. 

Cord Blood Assay. Clonal cell culture methods for the study 

committed human hemopoietic progenitors have shown that human 

cord blood contains progenitor cells that are responsive to 

GM-CSF and form granulocyte and macrophage colonies. 

Immediately after delivery, cord blood was taken from the 

placental portion of the umbilical cord severed from healthy 

term infants. The mononuclear cells (density < 1.007 g/ml) 

from human cord blood were isolated by density centrifugation 

on Sepracell-mn (Seprateck Co., Oklahoma City, OK) and were 

depleted of adherent cells by two— to three— hour incubations 

in tissue culture dishes. The nonadherent mononuclear cells 

were cultured at a concentration of 2 x 10^ cells per ml of 

assay medium for 10 to 12 days as mentioned in mouse marrow 

assay. 

Data Analysis. Data are presented as the mean ± SD with 

triplicate determination or given assay parameter from 

separate dishes within each experiment and normalized to 

concurrent concrol cultures. 



CHAPTER III 

RESULTS 

MIA PaCa-2 Cells 

Stimulation of CSF-1 Production by IL-1. Induction and 

stimulation of CSF production by Interleukin 1 has been shown 

in fibroblast and endothelial cell cultures (Zucali et al., 

1986; Segal et al., 1987). In this study, IL-1 has been used 

to stimulate CSF-1 production in MIA PaCa-2 cell culture. As 

shown in Fig. 2, without any stimulation, cultured MIA PaCa-2 

cells produce low levels of CSF-1 activity. In a dose-

response manner, the addition of IL-1 at different 

concentrations (0.7, 7, 70 to 700 ng/ml) enhances about 

three-fold the release of CSF-1 activity into the medium. 

The concentration of IL-1 that results in reaching the 

maximum number of colonies is around 7.0 ng/ml. Therefore, 

the IL-1 concentration of 7.0 ng/ml is used for the rest of 

the experiments in this study. This concentration is similar 

to the reported valuein endothelial cells (Zsebo et al., 

1988) . The control experiment has been carried out by adding 

IL-1 equal to the amount contained in the assay samples 

directly to the assay dish with or without control medium 

samples added to check if IL-1 has any colony formation 

37 
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Fig. 2. Stimulation of CSF-1 production by IL-1. MIA 

PaCa-2 cells were cultured until confluence. The growth 

medium was removed, the cells were washed with PBS and serum 

free medium was,added. IL-1 at different concentrations was 

then added and the incubation was continued for 72 hours. 

The media were harvested, desalted, sterilized by filtration 

and assayed for CSF-1 activity in triplicate plate. 
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activity on mouse marrow on its own or whether it has a 

synergistic activity by enhancing CSF-1 activity from 

conditioned media. The result shows that IL-1, at suggested 

concentration ,has no apparent CSF-1 activity under our assay 

conditions. The increased CSF-1 activity is therefore 

derived from IL-1 stimulated CSF-1 production. 

Effect of IL—1 on the Level of CSF—1 mRNA. To determine 

the transcriptional control of the CSFs elaborated by IL-1-

stimulated MIA PaCa-2 cells, total RNA was extracted from 

quicescent cells, and probed for the presence of CSF-1 mRNA. 

Anti-sense oligonucleotide, 40 bases in length and 

corresponding to bases 232 to 271 of a human CSF-1 cDNA 

(Kawasaki et al., 1985), was end-labeled with [r^PJATP and 

polynucleotide kinase, and used to probe Northern blots of 

MIA PaCa-2 RNA. 

The Northern blot pattern of total RNA derived from cells 

known to produce CSF—1 even without IL—1—stimulated (Fig.3 

(1) & (3)), when stimulated with IL-1 (7 ng/ml) for 6 hrs, 

stronger signal for CSF-1 was seen (Fig.3 (2) & (4)) . It 

suggests that IL-1 stimulates the transcription of CSF-1 gene 

thus increasing the mRNA level. Although nuclear run—on 

experiment has not been conducted to determine the rate of 

CSF-1 mRNA synthesis, the results from biological activity 

assay and Northern blot analysis are consistent with the 

notion that IL-1 stimulates CSF-1 gene expression resulting 
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Fig. 3. Effect of IL-1 on the level of CSF-1 mRNA in MIA 

PaCa-2 cells. Northern blot of cytoplasmic RNA (20 |J.g at 

lane (3) and (4), 30 |ig at lane (1) and (2)) was hybridized 

with CSF-1 oligonucleotide probe. Cytoplasmic RNA was 

isolated from the cells as described in the Materials and 

Methods. MIA PaCa-2 cells were cultured for 6 hours with IL-

1 ((2) and (4)) or without IL-1 ((1) and (3)). 
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in increased CSF-1 in medium. 

Time Course of IL-l-induced CSF-1 Production. To 

evaluate the time course of CSF-1 production, confluent MIA 

PaCa-2 cells were incubated with IL-1 for 4, 8, 16 and 20 hr. 

As shown in Fig.4, IL-l-induced CSF-1 production was first 

detected between 0 to 4 hr, and continued to accumulate in 

the medium over 20 hr. A stimulation of 4-fold over the 

control is shown. These data clearly demonstrated the 

increases of CSF-1 activity released to the medium. 

Inhibition of IL-l-induced CSF-1 Production by PTX. In 

order to examine whether G-proteins are involved in the 

signal transduction mechanism of IL-l-induced CSF-1 

production, pertussis toxin and cholera toxin, which are 

known to activate the adenylate cyclase activity, have been 

used as probes in this experiment. The effect of pertussis 

toxin on the IL-l-induced CSF-1 production is shown in Fig. 

5. Pertussis toxin in the concentration range of 10 to 200 

ng/ml causes a dose dependent inhibition of IL-l-induced CSF-

1 production. At a concentration of 200 ng/ml, it inhibits 

the IL-l-induced CSF production to the control level (the one 

without IL-1 stimulation). 

Inhibition of PTX Effect by Benzamide. To examine 

whether ADP-ribosylation of by PTX is indeed involved in 

the inhibition of IL—1—induced CSF—1 production, benzamide, 

an ADP-ribosylation inhibitor, was also used. As shown in 
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Fig. 4. Time course of IL-l-induced CSF-1 production. 

Confluent MIA PaCa-2 cells were incubated with IL-1 (7 ng/ml) 

of 0, 4, 8, 16 and 20 hr, or cells incubated for 20 hr 

without IL-1 added (control). End of incubation, media were 

harvested and assayed for CSF-1 activity as described in 

Materials,and Methods. 
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Fig. 5. Inhibition of IL-l-induced CSF-1 production by 

Pertussis Toxin. Cultured MIA PaCa-2 cells in serum-free DME 

were incubated with IL—1 (7 ng/ml) and different 

concentration of pertussis toxin for 72 hrs. The conditioned 

media were assayed for CSF-1 activity. 
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Table IV, IL-1 stimulates CSF-1 production and PTX inhibits 

its stimulation, 2 mM benzamide has no effect on the basal 

CSF-1 activity, but it abolishes the pertussis toxin 

inhibition of IL-1 stimulation of CSF production. This 

result indicates that the effect of pertussis toxin on the 

inhibition of IL-l-induced CSF-1 is through the ADP-

ribosylation of the G i component. When PTX-induced ADP-

ribosylation is inhibited by benzamide, then CSF-1 activity 

is reversed. 

Inhibition of CTX Effect by MBAMG. Similarly, cholera 

toxin activates adenylate cyclase by catalyzing the ADP 

ribosylation of the Gs component of the Gs(X-adenylate cyclase 

enzyme complex (Moss and Vaughan, 1979). The consequences of 

this toxin-dependent, covalent modification include 

inhibition of a hormone-stimulated GTPase activity (Cassel 

and Selinger, 1979) and enhancement of activation of 

adenylate cyclase by GTP. p-Methoxylbenzylamino 

decamethylene guanidine sulfate (MBAMG), an arginine analog, 

which has been shown to inhibit cholera toxin-induced ADP 

ribosylation of the membrane-associated guanine nucleotide 

regulatory protein (Gs) (Tait and Nassau, 1984) was used here 

to test the relation between ADP-ribosylation catalyzed by 

CTX and the CSF-1 synthesis. Table V shows that 50 ng/ml 

cholera toxin inhibits IL-l-induced CSF-1 production to the 

control level. MBAMG at 5 uM has no effect on the basal CSF-
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TABLE IV. 

INHIBITION OF PERTUSSIS TOXIN EFFECT BY BENZAMIDE 

\ 

Effectors No. of Colonies 

Control 18 ± 2 

IL-1 (7 ng/ml) 67 ± 9 

PTX (200 ng/ml) 19 ± 4 

IL-1 + PTX 29 ± 2 

BZ (2 mM) 17 ± 1 

IL-1 + PTX + BZ 65 ± 2 

Confluent MIA PaCa-2 cells in serum-free medium were 

incubated with IL-1 (7 ng/ml), pertussis toxin (200 ng/ml) 

and benzamide (2 mM) separately or in combination for 3 days. 

The conditioned media thus prepared were assayed for CSF-1 

activity as described in Materials and Methods. 
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Fig. 6. Inhibition of IL-l-induced CSF-1 production by 

dibutyryl-cAMP. Cultured cells in serum-free DME were 

incubated with or without IL-1 and dibutyryl-cAMP. The 

conditioned media were assayed for CSF-1 activity on mouse 

marrow cells. (A) control, nonstimulated conditioned medium; 

(B) dibutyryl-cAMP (10"6M) treated conditioned medium; (C) 

IL-1 (7ng/ml) treated conditioned medium; (D) dibutyryl-cAMP 

and IL-1 treated conditioned medium. 
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VI. The addition of PTX or Theophylline to intact cells 

results in increasing intracellular cAMP lev,els 1.5 to 2 

fold. The addition of IL-1 reduces cAMP levels to 73% and 

78% of that in the presence of PTX or Theophylline 

respectively. IL-1 alone slightly inhibits cAMP levels. The 

partial inhibition of cAMP by IL-1 alone may be due to the 

presence of IL-l-sensitive and -insensitive adenylate cyclase 

molecules within cells. Addition of PTX or Theophylline 

causes increasing the number of IL-l-sensitive adenylate 

cyclase molecules and show more clear effect by IL—1. This 

results combined with the observation above, suggest that IL-

1 induced CSF production may be mediated by G^-like protein 

which is in turn coupled to cAMP levels in some manner. Data 

from above experimental results are consistent with the 

hypothesis that IL-1 stimulation of CSF-1 production acts by 

decreasing cAMP levels. Further experiments have been done 

by adding cAMP directly, or by indirectly increasing cAMP 

levels through the use of stimulators such as Theophylline 

and Forskolin; to focus on the effect of cAMP on the CSF-1 

production. 

Inhibition of CSF Production by Theophylline and 

Forskolin. Theophylline is a phosphodiesterase inhibitor, 

and Forskolin is an adenylate cyclase stimulator. Both of 

them cause increasing in cAMP levels. The results show in 

Table VII that Theophylline and Forskolin have dose dependent 
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TABLE VI 

EFFECT OF IL-1 ON cAMP LEVELS 

Effectors cAMP (pmole/106 c e l l s ) 

19 ± 0 

IL-1 17 ± 0 

TPA 20 ± 0 

Theophylline 39 ± 0 

IL-1 + Theophylline 28 ± 0 

PTX 28 ± 7 

IL-1 + PTX 22 ± 7 

MIA PaCa-2 cells (3 x 106) in 60 nun culture dishes were 

treated with 1 mM theophylline or 1 mM 3-isobutyl-l-

methylxanthine at 37 °C for 10 min prior to addition of 7 

ng/ml IL-1. At different time intervals, 0.5 ml of 10% TCA 

is added to terminate the reaction and aqueous samples were 

extracted with 10 volumes of diethylether. Then, the 

radioimmunoassay of the cAMP is carried out as described in 

Materials and Methods. 
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TABLE VII 

INHIBITION OF CSF-1 PRODUCTION BY THEOPHYLLINE 

AND FORSKOLIN 

Effectors No. of Colonies 

54 ± 3 

IL-1 198 ± 14 

Theophylline (mM) 

0.01 36 ± 5 

0.1 28 ± 0 

0.5 12 ± 0 

Forskolin ([iM) 

1.65 37 ± 3 

3.3 21 ± 6 

6.6 16 ± 0 

IL-1 + 

Theophylline 0.1 mM 90 

IL-1 + 

Forskolin 3.3 JIM 71 

MIA PaCa-2 cells in serum-free DME media were incubated 

with different concentrations of Theophylline or Forskolin 

for 18 hrs, then media were assayed for CSF-1 activity. 
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inhibition effects on CSF-1 production. Theophylline at 0.01 

to 0.5 mM range have 33% to 78% inhihition of CSF-1 activity 

over the control. Forskolin at 1.65 to 6.6 |1M range have 31% 

to 70% inhibition of CSF-1 production over the control. Even 

Theophylline at 0.1 mM inhibits IL-l-induced CSF-1 activity 

to 45%, and Forskolin at 3.3 M inhibits IL-l-induced CSF-1 

activity to 36%. The results suggest that increasing cAMP 

levels by Theophylline or Forskolin cause decreasing CSF-1 

production into the conditioned medium. Both of Theophylline 

and Forskolin can also inhibit IL—1—induced CSF—1 activity. 

IL-1 and 5'-Guanylylimidodiphosphat (GppNHp) inhibited 

the ADP-ribosylation of Gi by PTX. The experiment had been 

carried out to test if signal transduction of IL-1 induced 

CSF production is coupling to subunit. MIA PaCa-2 cells 

in culture were preincubated with IL-1 and 5'-guanylyl-

imidodiphosphate (GppNHp) for certain time interval with 

different combination and controls, then PTX was added. If 

IL-1, when it binds to its receptor, interacts with Gi(X to 

cause its release, then Ĝ QJ can combine with adenylate 

cyclase and causes the inactivation of the enzyme. The 

addition of GppNHp stablizes this Gia-adenylate cyclase 

complex and deplets the inactive Gj_̂  which is the substrate 

for PTX catalyzed ADP-ribosylation. Because only the 

inactive form of G^a is the substrate for PTX, the release of 

®ia cause<* by IL-1 prevented the PTX effect on it. As shown 
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in Table VIII, pretreatment of MIA PaCa-2 cells with IL-1 and 

GppNHp prevented the the inhibitory effect of PTX in CSF-1 

production. Since GppNHp is negatively charged and will 

probably not get into cell. The data suggest that GppNHp 

partially get into the cell and stablize Gia-adenylate 

cyclase complex. However, the result is consistent with our 

experimental model and again strongly suggested that IL-1, 

through its putative receptor, can activate t o inhibit 

adenylate cyclase. 

Stimulation of CSF-1 Production by TPA. In order to 

address whether IL-l-induced CSF-1 production also involves 

protein kinase C activation, different PKC inhibitors (H-7 

and HA1004) are used for this study. In a dose-response 

manner, the addition of TPA at different concentrations (6.1, 

12.2, to 24.4 ng/ml) enhanced the CSF—1 activity released to 

about 2 fold as shown in Table IX. The concentration of TPA 

that resulted in reaching the maximum number of colonies is 

around 10 ng/ml. Therefore, the TPA concentration of 10 

ng/ml wag used for the next experiment. TPA at high 

concentration (48. ng/ml) shows low colony number that causes 

by high CSF activities inhibit the colony formation in marrow 

assay. 

Effect of H-7 and HA1004 on IL-1 and TPA Stimulated CSF-1 

Production. Table X shows that H-7 and HA1004 at 25 alone 

or in combination with IL-1 have no effcet on CSF-1 
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TABLE VIII 

IL-1 AND GppNHp INHIBITED THE ADP-RIBOSYLATION 

OF Gjl BY PTX 

No. of Colonies 

— 41 ± 4 

IL-1 78 ± 3 

GppNHp 36 ± 2 

PTX 34 ± 3 

IL-1 + GppNHp 85 ± 6 

IL-1 + GppNHp + PTX 67 ± 2 

PTX + IL-1 45 ± 4 

Confluent MIA PaCa-2 cells were incubated with IL-1 (13.6 

ng/ml) and GppNHp (30 |AM) for 4 hrs then PTX (200 ng/ml) was 

added for additional 2 hrs. At the end of incubation, the 

media were harvested and assayed for CSF-1 activity. 
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TABLE IX. 

STIMULATION OF CSF-1 PRODUCTION BY TPA 

No. of Colonies 

- 56 ± 1 

TPA (ng/ml) 

6.1 88 ± 2 

12.2 108 ± 2 

24.4 119 ± 3 

48.8 72 ± 3 

The confluent MIA PaCa-2 cells in serum-free DME media 

were incubated with or without different amounts of TPA for 

18 hrs. The media then were harvested and assayed for CSF-1 

activity as described in Materials and Methods. 
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TABLE X 

EFFECT OF H-7 AND HA1004 ON IL-1- AND TPA-

STIMULATED CSF-1 PRODUCTION 

No. of Colonies 

Control 64 ± 7 

H—7 71 ± 1 

HA1004 60 ± 4 

IXj—1 144 ± 11 

IL-1 + H-7 165 ± 22 

IL-1 + HA1004 136 ± 4 

TP A H 9 i 8 

TPA + H-7 70 ± 4 

TPA + HA 1004 123 ± 7 

The confluent MIA PaCa-2 cells in serum-free DME media 

were incubated with 25 JIM H-7 or HA 1004 for 2 hrs before the 

IL-1 or TPA was added. After 18 hrs of incubation, the 

medium was harvested and assayed for CSF-1 activity. 
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production, but H-7 inhibits the TPA-induced CSF-1 production 

to the control level. These results suggest that TPA-induced 

CSF-1 production is mediated through a pathway involving PKC 

stimulation. However, PKC stimulation is not related to IL-

1-induced CSF-1 production because H-7 shows no inhibition on 

it. HA1004 shows slightly or no effect on TP A- and/or IL-1-

induced CSF-1 production. It is that HA1004 has higher 

(40 JIM) than H-7 (6 JIM) to PKC (Asano and Hidaka, 1984) . 

Effect of CSF-1 Production by A23187 and CaCl2' An 

experiment has been carried out to examine the effect of 

calcium ionophore A23187 and calcium on CSF-1 production. 

The result (Table XI) shows that calcium ionophore induces 

CSF production around 2 fold above control at 1 |IM (although 

cell death appears to occur at 5HM concentration (data not 

shown). Additional Ca2+ in serum free medium induces CSF-1 

production up to 3—fold in the 1 to 5 mM range (Table XI). 

Combination of 1 mM Ca2+ and 1 |IM A23187 slightly increase 

CSF-1 activity. The possible reasons are as follows: (1) 

Ca 2 + stimulates proteases to degradate CSF-1 protein (2) high 

concentration of .CSF-1 activity inhibits colony formation in 

the marrow assay, or (3) combination of calcium and ionophore 

causes cell death. The Ca 2 + stimulated CSF-1 production is 

possibly related to PKC stimulation. However, no direct 

evidence is obtained in this study. 

Effect of CSF-1 Production by OAG. PKC is thought to be 
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TABLE XI 

EFFECT OF A 23187 AND CaCl2 ON CSF-1 PRODUCTION 

No. of Colonies 

Control 58 ± 1 

CaCl2 (mM) 

1 93 ± 9 

5 139 ± 3 

A23187 (uM) 

1 89 ± 6 

CaCl2 1 mM + 

A 23187 1 uM 75 ± 7 

Confluent MIA PaCa-2 cells in serum-free DME media were 

incubated with 1 JIM of ionophore A23187, or different 

concentrations of CaCL2, at final volume of 2.5 ml. After 18 

hrs of incubation, the media were harvested and assayed for 

CSF-1 activity. 
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physiologically activated by diacylglycerol derived from 

receptor-mediated phosphotidylinositol hydrolysis. However, 

L-a-l-oleoyl-2-acetoyl-sn-3-glycerol (OAG), an analog of 

diacylglycerol (DAG), has only a small induction effect on 

CSF-1 production as shown in Table XII that possibly causes 

by PKC stimulation. 

Stimulation of CSF-1 Production by Indomethacin. 

Horiguchi et al (1989) reported that TPA induced TNF gene 

expression is mediated through the arachidonic acid cascade. 

Kurland et al. (1978) reported previously that suppression of 

PGE synthesis can increase CSF production in macrophages. 

Similar experiment was carried out to examine if inhibition 

of PGE can increase CSF-1 production in MIA PaCa-2 cells. As 

shown in Table XIII, 1 nM Indomethacin induces CSF-1 

production up to two-fold. Indomethacin at 10 nM and 50 nM 

induce CSF-1 production only one and half folds. The 

possible reason of these lower colony formation is that high 

concentration of CSF-1 activity inhibits colony formation in 

the marrow assay. This suggests that inhibition of PGE 

synthesis in MIA PaCa-2 culture cells can increase CSF-1 

production. Further study is required to determine whether 

IL-l-induced CS-1 production or TPA-induced CSF-1 production 

are also mediated through the arachidonic acid cascade. 

In summary, the suggested mechanism of IL-l-induced CSF-1 

production is that IL-1 couples to the Gif and the 
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TABLE XII 

EFFECT OF OAG ON CSF-1 PRODUCTION 

No. of Colonies 

Control 49 ± 2 

OAG (|AM) 

25 48 ± 2 

50 53 ± 6 

100 66 ± 6 

200 44 ± 7 

Confluent MIA PaCa-2 cells in serum-free DME medium were 

incubated with or without various concentrations of OAG in a 

final volume of 2.5 ml. After 18 hrs incubation time, the 

media were assayed for CSF-1 activity as described above. 
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TABLE XIII 

STIMULATION OF CSF-1 PRODUCTION BY INDOMETHACIN 

Effectors No. of Colonies 

57 

IL-.l 196 

Indomethacin (nM) 

1 107 ± 13 

10 90 ± 12 

50 88 ± 4 

Confluent MIA PaCa-2 cells in serum-free DME media were 

incubated with IL-1 (7 ng/ml), or different concentrations of 

Indimethacin for 18 hrs, then the medium was harvested and 

assayed for CSF-1 activity as described in Materials and 

Methods. 
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attenuation of cAMP levels acts as a signal to regulate the 

CSF-1 synthesis. The signal transduction mechanism in IL-1 

induction does not involve the PKC activation, because H-7, 

the PKC inhibitor, has no effect on IL-1 induced CSF-1 

production. , On the other hand, TPA-stimulated CSF-1 

production is clearly signaled by stimulation of PKC. The 

effect exerted by Ca^+ and OAG shown on their stimulation of 

CSF-1 production is probably mediated by PKC, althrough other 

possible mechanisms remain to be investigated. Similary the 

question of whether phosphatidylinositol hydrolysis is 

involved in the signaling of CSF-1 production remain to be 

studied. 

Human Lung Fibroblast Cells 

Time Course of IL-l-induced CSF-1 Production in CCL202 

fibroblast cells. The culture medium conditioned by 

quiescent, confluent fibroblasts secrets low level of CSF. 

To study the time interval of CSF-1 production., human lung 

fibroblast cells (CCL 202) were incubated with 7 ng/ml IL-1 

and conditioned media were harvested 0 to 20 hours after 

addition of the inducer. As shown in Fig.7, significant CSF-

1 production was observed four to eight hours after 

initiation of treatment with IL-1, and continued to 

accumulate in the medium over 20 hr. it has been reported 

that IL-1 stimulates fibroblasts to synthesize GM-CSF and G-
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Fig. 7. Time course of IL-l-induced CSF-1 production in 

CCL202 fibroblast cells. Confluent fibroblast cells (CCL202) 

were incubated with IL-1 (7 ng/ml) for 0, 4, 8, 16 and 20 

hours, or cells incubated for 20 hr without IL-1 added 

(control). Media were harvested at the end of incubation and 

assayed for CSF-1 activity as described earlier. 
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CSF (Kaushansky et al., 1988; Zucali et al., 1988) but 

stimulation of CSF-1 synthesis by IL-1 has not been reported. 

Fractionation of CSF-1 on an Ultrogel AcA54 Gel 

Filtration Column Chromatography. To identify which type of 

CSF being stimulated by IL-1, fibroblast cells (CCL 202) were 

incubated with or without IL-1 for 72 hr, and the conditioned 

medium were harvested, concentrated and applied to an 

Ultrogel AcA 54 gel filtration column. As shown in Fig.8, 

IL-l-treated condition medium has higher CSF activity, than 

the one without IL-1 treated. The majority of CSF activity 

appears at fractions corresponding to protein with molecular 

weights greater than 70 Kd as the size of CSF-1 and has three 

folds stimulation. 

Effect of IL-1 on the Level of CSF-1 mRNA in CCL202 

Cells. To determine the transcriptional control of the CSFs 

elaborated by IL-l-stimulated CCL 202 fobroblast cells, total 

RNA was extracted from quiescent cells, and probed for the 

presence of CSF-1 mRNA as previously described. The Northern 

blot pattern of total RNA derived from cells without IL-1 

stimulation shown low density in the autoradiography (Fig.9 

(1)), when stimulated with IL-1 for 6 hrs, stronger signal 

for CSF-1 was seen (Fig.9 (2)). It indicates that IL-1 

stimulates CSF-1 production in CCL202 fibroblast cells at the 

transcriptional control level. The mRNA level in control 

cells is very substantial yet low CSF-1 activity is detected 
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Fig. 8. Fractionation of CSF on an Ultrogel AcA54 gel 

filtration column chromatography. CCL202 cells conditioned 

media with (upper pannel) and without (bottom pannel) IL-1 

stimulated were concentrated and loaded onto a Ultrogel AcA54 

column. The columns were eluted with 0.3 M NaCl in 0.01 M 

Tris-HCl buffer, pH 7.6. Samples from the eluted fractions 

were desalted by PD-10, sterilized by filtration, and assayed 

for CSF activity. 
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Fig. 9. Effect of IL-1 on the level of CSF-1 mRNA in 

fibroblast cells (CCL202). Northern blot of cytoplasmic RNA 

(20 fig) was hybridized with CSF-1 oligonucleotide probe. 

Cytoplasmic RNA was isolated from the cells as described in 

the Materials and Methods. Fibroblasts were cultured with 

(2) or without (1) IL-1 for 6 hours. 
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in the biological assay. It is possibly that IL-l-induced 

CSF-1 production is also under translational control in 

adedition to the transcriptional control. 

The condition medium of another human lung fibroblast 

cells (from Yunis as mention in Methods) stimulated by IL-1 

(Fig.10) or TNF (Fig.11) for 72 hr, were also harvested, 

concentrated and applied to an Ultrogel AcA 54 column. As 

shown in Fig.10 & 11, the majority of CSF activity is in the 

same range (greater than 70 Kd) as the size of CSF-1 and has 

8 and 2 folds stimulation by IL-1 and TNF respectively. 

Anti-CSF-1 Antibody Neutralization Study. As shown in 

Table XIV, the CSF activity fractions from TNF stimulated 

condditioned medium profile (Fig.11) were pooled as high 

molecular weight area (M.w. >70,000 area) of peak I and low 

molecular weight area (M.w. 45,000-25,000) of peak II. At 

peak I, single assay of CSF activity can be neutralized by 

1:100 dilution of anti-CSF-1 antibody, but not the activity 

of peak II. This indicates that CSF-1 has been stimulated by 

TNF in human lung fibroblast cells and these activies can be 

neutralized by specific anti-CSF-1 antibody. 

Human Umbilical Cord Endothelial Cells 

Effect of IL-1 on CSFs Production in Cultured Endothelial 

Cells. If endothelial cells are IL-1 dependent in their 
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Fig. 10. Fractionation of CSF on an Ultrogel AcA54 gel 

filtration column chromatography. Human lung fibroblast 

cells (HLF) conditioned medium with (upper pannel) or without 

IL-1 (bottom pannel) were concentrated and loaded onto a 

Ultrogel AcA54 column. Conditions as described in the legend 

to Fig. 8. 
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Fig. 11. Fractionation of CSF on an Ultrogel AcA54 gel 

filtration column chromatography. Human lung fibroblast 

cells (HLF) conditioned medium with (upper pannel) and 

without (bottom pannel) TNF (5 ng/ml) were concentrated and 

loaded onto aUltrogel AcA54 column, conditions are as 

described in the legend to Fig. 8. 
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TABLE XIV 

ANTI-CSF-1 ANTIBODY NEUTRALIZATION STUDY 

anti-CSF-1 Ab No. of Colonies 

(1:100 dilution) 

HLF-control 

peak I - 64 

+ 7 

peak II - 25 

»« + 24 

HLF-TNF 

peak I 96 

" + 3 

peak II - 41 

+ 37 

Anti-CSF-1 antibody at 1:100 dilution was incubated with 

CSF sample sources in petri dished at room temperature for an 

hr then assayed for CSF-1 activity as described in Materials 

and Methods. This table has been carried out by single 

assay. 
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expression of CSFs activity? As shown in Table XV, without 

any stimulation, endothelial cells can only produce low 

levels of CSF-1 activity; in a dose response manner, the 

addition of IL-1 at different concentrations (0.7, 7.0 and 

70.0 ng/ml) enhanced the release of CSF-1 activity into the 

medium by 4 to 15 folds. 

From the results of WEHI-3BD+ assay system shown (Table 

X vi) that IL-1 also induced G-CSF synthesis by 1.6 to 3 

folds in the concentration range of 0.7 to 70 ng/ml. 

Further, IL-1 induced GM-CSF synthesis by 2 folds at 7 ng/ml 

concentration by the cord blood assay as shown in Table XVII 

Overall the results indicate that IL-1 can also induce 

CSFs production in endothelial cells. 
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TABLE XV 

EFFECT OF IL-1 ON CSF PRODUCTION IN CULTURED 

ENDOTHELIAL CELLS BY MOUSE MARROW ASSAY 

No. of Colonies 

IL-1 (ng) 

25ul lOOul 200ul 

0 

0.7 

7.0 

70.0 

6 ± 4 15 ± 0 24 ± 2 

27 ± 4 46 ± 4 72 ± 8 

41 ± 7 98 ± 22 120 ± 4 

91 108 150 

The confluent endothelial cells in serum-free M199 media 

were cultured with various amounts of IL—1 for 72 hrs, then 

the media werre harvested, desalted on a PD-10 column, 

sterilized by filtration and assayed by mouse marrow assay. 
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TABLE XVI 

EFFECT OF IL-1 ON CSF PRODUCTION IN CULTURED ENDOTHELIAL 

CELLS BY WEHI-3BD"1" COLONY FORMATION ASSAY 

IL-1 (ng/ml) % of WEHI-3BD+ Differentiation 

0 

0.7 

27 ± 11 

42 ± 3 

7.0 66 ± 4 

70.0 72 ± 13 

Confluent endothelial cells in serum-free Ml99 media were 

cultured with various amounts of IL—1 for 72 hrsr then the 

media were processed as described previously. The media then 

were assayed for G—CSF activity by WEHI—3BD cells assay as 

described in Materials and Methods. 
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TABLE XVII 

EFFECT OF IL-1 ON CSF PRODUCTION IN CULTURE ENDOTHELIAL 

CELLS BY HUMAN CORD BLOOD PROGENITOR CELL ASSAY 

IL-1 (ng/ml) No. of Colonies 

0 72 ± 12 

0.7 95 ± 4 

7.0 140 ± 1 

70.0 1 1 6 ± 2 2 

Confluent endothelial cells in serum-free Ml99 medium were 

culture with ddifferent amounts of IL-1 for 72 hrs. The 

media then were harvested and assyed for GM-CSF activity by 

human cord blood assay as described in Materials and Methods. 



CHAPTER IV 

DISCUSSION 

In the present study, we demonstrate that IL-1 stimulates 

CSF-1 release to the culture medium of human pancreatic 

carcinoma cells (MIA PaCa-2). By mouse marrow assay, CSF-1 

was stimulated progressively in MIA PaCa-2 cells cultured 

media conditioned by increasing concentrations of IL-1. It 

is well established that cell populations of a hematopoietic 

micro—environment, including fibroblasts, endothelial cells, 

and mononuclear phagocytes, produce a variety of growth 

factors including CSFs. Early studies by Bagby et al. (1983) 

have indicated that soluble products of mononuclear 

phagocytes increase the production of CSF by T lymphocytes, 

fibroblasts, and endothelial cells. More recently, the 

monokine IL—1 has been identified as an inducer of G—CSF, GM— 

CSF and multi-CSF by fibroblast and endothelial cells. Our 

data show the IL-l-inducible production of CSF-1 in MIA PaCa-

2 cells. At optimal concentrations of IL-1, CSF-1 mRNA had 

been induced (Fig. 3) and detectable CSF levels were found 

between 0 to 4 hrs of incubation (Fig. 4), and continued to 

accumulate in the medium over 20 hr. 
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Even though lL-1-induced CSF-1 production (Fig. 2) has 

been clearly shown, the mechanism of this stimulation is 

still not well understood. We have observed that both 

pertussis toxin and cholera toxin have the same inhibition 

effect on the CSF-1 production response to IL-1. As shown in 

Fig. 5, when MIA PaCa-2 cells were cultured with pertussis 

toxin and IL-1 for 72 hrs, this toxin treatment inhibited the 

IL—1—induced increase in CSF—1 in a dose dependent manner. 

The inactivation of Gj_ by pertusis toxin involves the ADP 

ribosylation of G ± catalyzed by the toxin. If ADP-

ribosylation can be inhibited, the effect of pertussis toxin 

will be abolished. As shown in Table IV, the addition of 

benzamide, an ADP-ribosylation inhibitor, indeed inhibited 

the pertussis toxin effect on IL-l-induced CSF-1 production. 

The activation of adenylate cyclase activity by pertussis 

toxin should be accompanied by an increase in cAMP level. 

The same results have been shown by adding cholera toxin and 

MBAMG (as shown in Table V) which affect IL-1 stimulated MIA 

PaCa-2 cells CSF-1 production. Results from these two 

experiments suggest that control of CSF—1 production is at 

some point involved with cAMP levels. If this is the 

mechanism involved in IL-l-induced CSF-1 production, then the 

addition of exogenous cAMP should show inhibition of CSF-1 

production. As shown in Fig. 6, the addition of dibutyryl— 
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cAMP (10~®M) to the cell culture indeed inhibited the IL-1-

induced CSF-1 production in the media. Radioimmunoassay of 

cAMP experiment (Table VI) shows that the cAMP level in IL-1 

treated cells is lower than the control cells. Even IL-1 can 

reduce cAMP levels that are induced by Theophylline or PTX. 

It strongly suggests that the mechanism in IL-l-induced CSF-1 

production is mediated by the cAMP level. It is not possible 

with the current data to determine what specific signal 

transduction pathway is responsible for decreasing cAMP 

levels in response to IL-1. Although, a number of 

physiological findings suggest that attenuation of cAMP 

production is not sufficient to serve as the only signal for 

eliciting the diverse physiological effects provoked by these 

various receptor population. But from the consistent 

observations, the suggested mechanism is that IL-1 decreases 

cAMP levels by decreasing the adenylate cyclase activity 

which stimulates CSF-1 production. 

Results from above experiments suggest that IL-1 

activates G^a and inhibits adenylate cyclase, and then 

inhibit cAMP level in MIA PaCa-2 cells, and, as in other 

systems in which hormones or other regulatory molecules 

inhibit adenylate cyclase. A model for the IL—1 signal 

tranduction is proposed as shown in Fig. 12. In this model 

IL-1 binds to the IL-1 receptor, then leads to association 

with Gj_ protein, thereby activating it for GTP-GDP exchange. 
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Fig. 12. Signal Transduction of IL-1, 
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The displacement of GDP by GTP causes the a subunit to 

dissociate from the G^ complex, exposing a binding site for 

adenylate cyclase on the (X subunit. Further, (X subunit binds 

to and inactivates adenylate cyclase, and then inhibits cAMP 

levels. The hydrolysis of GTP by the a subunit returns the 

subunit to its original conformation, causing it to 

dissociate from the adenylate cyclase and reassociate with 

the |fy complex. The a subunit-adenylate cyclase complex can 

be stabilized by GTP analog, GppNHp, that causes trapping 

adenylate cyclase in inactivation form. Further, one 

experiment had been carried out to test if this signal 

transduction mechanism follows the proposed model. MIA PaCa 

2 cells were preincubated with IL-1 and GppNHp, then PTX was 

added. As shown in Table VIII, pretreatment of IL-1 and 

GppNHp in the cells inhibit PTX catalyzed ADP—ribosylation. 

It again suggests that IL-1 through its receptor activate Gif 

inactivate adenylate cyclase, and induce CSF—1 production. 

However, it has recently become evident that there is a 

family of G proteins, and pertussis toxin inhibits not only 

G^ but other members of this family as well. For example, 

pertussis toxin inhibits transducin which activates cyclic 

GMP phosphodiesterase in retinal rods(Dop et al., 1984), as 

well as inhibiting coupling components involved in 

neurotransmitter induced voltage-dependent ion channels in 
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neural cells (Holz IV et al., 1986). We have suggested that 

activation of Galilee protein is required for CSF-1 

production in MIA PaCa-2 cells to respond to IL-1. although 

it is not yet clear which of these like molecules is 

responsible for the activation; the effect of cAMP on the 

CSF-1 production suggests that Gj_ coupled to adenylate 

cyclase may be responsible for this regulation. Further, 

Theophylline and Forskolin show inhibition effect of CSF-1 

production, and show inhibition of IL—1—induced CSF—1 

activities. Again suggested IL-1—stimulated CSF—1 production 

is mediated by decreasing cAMP level. An article by Jakway 

and DeFranco (1986) has reported that LPS activates the 

receptor coupling Gj_ component which inhibits adenylate 

cyclase in the macrophage cell line, P388Dlf and that 

pertussis toxin can inhibit the B cell or macrophage (P388D-̂ ) 

responses to LPS stimulation. The same results have been 

shown in our study that IL-1 activates the receptor coupling 

G;j_a which inhibits adenylate cyclase in MIA PaCa-2 cells and 

that PTX inhibits the MIA PaCa-2 responses to IL-l-induced 

CSF production. 

Is there any other IL-1 induced signal transduction 

pathway operated simultaneously along with the coupling 

mechanism of G i a system? TPA had been used as a second 

inducer beside IL-1 for CSF-1 production. The data show that 
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CSF-1 stimulated by TPA can be inhibited by the specific PKC 

inhibitor H-7 indicating the involvement of PKC in TPA 

induced CSF-1 system. However, H-7 shows no effect on the 

IL-l-induced CSF-1 synthesis, thus indicating that the 

signaling pathway is PKC independent (Table X). Further 

2+ 

experiments had been carried out where additional Ca and 

OAG show different potent of stimulation on CSF-1 production. 

It suggests that the stimulation of CSF by Ca^ or OAG are 

mediated by PKC levels. Results from these studies have 

shown the mechanism of IL-1- and TPA-induced CSF-1 synthesis 

is mediated by different signal transduction pathway. These 

are similar to the results of Yamato et al. (1989) and Muegge 

et al. (1989). Yamato et al. had reported that stimulation 

of PKC dramatically increased levels of GM-CSF mRNA; however, 

blockade of PKC activity did not attenuate accumulation of 

GM-CSF mRNA which are stimulated by TNF and NaF. Further, 

Muegge et al. shown that IL-1 induced T lymphocyte growth by 

acting as a second signal (together with antigen) in 

enhancing the production of IL-2. One of the IL-l-responsive 

elements in the promoter region of the human IL-1 gene was 

similar to the binding site for the transcription factor AP-

1. IL-1 enhanced expression of c-jun mRNA, whereas the 

antigenic signal enhanced mRNA expression of c—fos. TPA in 

this system also enhanced c—fos expression as initial signal. 
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Thus, the two components of the AP-1 factor are independently 

regulated and IL-1 and TPA may stimulate CSF-1 gene 

expression through different signals which interacts 

different regulatory elements in promoter region. Summary 

model (Fig. 13) shows that different inducers may go through 

different signal transduction pathway to induce CSF-1 gene 

expression. Coupling of IL-1 receptor to the G± and 

attenuation of cAMP level act as a signal to regulate the 

CSF-1 synthesis. These results also provide a system to 

examine the regulation of CSF-1 synthesis at the molecular 

level. On the other hand, TPA as well as Ca 2 + and DG 

stimulated CSF-1 production is initiated by activation of 

PKC. The involvement of phosphotidylinositol hydrolysis in 

CSF—1 production that remain to be study. 

Indomethacin had been used to inhibit PGE and show 

stimulation of CSF—1 activity. Result from this study 

indicate that CSF production may also mediated by arachidonic 

acid. Whether IL-1- or TPA- induced CSF-1 production is in 

part mediated by this cascade mechanism remain to be studied. 

The preliminary results of other cell systems have shown 

that CSF-1 can be induced by IL-1 in fibroblast and 

endothelial cells. However, whether the signal transduction 

mechanism(s) are the same as the one in MIA PaCa—2 cells 

require further investigation. 
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Fig. 13. Summary of Signaling for CSF-1 Synthesis 
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