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ABSTRACT 

Human recombinant cytokines may have a role in the clinical treatment of 

pancreatic and colorectal cancers. In the present studies, the growth inhibitory 

actions of recombinant human tumor necrosis factor (rhTNF) and recombinant 

human gamma interferon (rhIFN-'Y) were examined in several human pancreatic 

and colorectal carcinoma cell lines in vitro in relation to the expression TNF and 

IFN-'Y receptors. rhTNF and rhIFN-'Y exerted significant, but differential, growth 

inhibitory effects in five of six cell lines examined. All six cell lines exhibited 

high affinity binding sites for both 125,-labeled rhTNF and 125,-labeled rhIFN-'Y. 

However, the basal number of binding sites in general did not correlate with the 

relative growth inhibitory effects induced by either rhTNF or rhIFN-'Y. In contrast, 

in three cell lines in which the cytokines exerted synergistic effects, rhTNF 

increased by 2-3 fold the number of 1251-rhIFN-'Y binding sites. Further, in two 

of these cell lines, rhIFN-'Yalso upregulated 1251-rhTNF binding. As 

demonstrated by anti-lFN-'Y receptor antibody labeling and the use of 

transcriptional and translational inhibitors, the increase in 1251-rhIFN-'Y binding 

by rhTNF was due to enhanced synthesis and expression of IFN-'Y receptor 

protein. Recombinant human Iymphotoxin (rhL T), which binds to the TNF 

receptor, and recombinant human interleukin-1 alpha (rhIL-1), which binds to a 

distinct receptor and mimicks many of the biological actions of TNF, also 

increased the expression of IFN-'Y receptors. Further, rhlL-1 exerted synergistic 

growth inhibitory effects with rhIFN-'Y. Taken together, these results sugge$t that 

the synergistic effects of either TNF/L Tor IL-1 and IFN-'Y may involve the 

upregulation of IFN-'Y receptors. 

-------- --_._-----------
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The mechanisms by which rhTNF and rhlL-1 upregulate IFN-y receptors 

are unclear. However, the upregulatory effects of both rhTNF and rhlL-1 were 

attenuated by the Ca2+ ionophore A23187 and the phorbol ester 12-0-

tetradecanoyl phorbol-13-acetate, suggesting that the mechanisms involved in 

IFN-y receptor upregulation by TNF and IL-1 are negatively modulated by ca2+ 

and protein kinase C activation. 

The results of this dissertation suggest that immunotherapy with 

recombinant cytokines may be useful in the treatment of pancreatic and 

colorectal cancer in vivo . 

.. _-----_._-------
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CHAPTER ONE 

INTRODUCTION AND SPECIFIC AIMS 

_.- -_._------_._--------- ---.-.--
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Colorectal and pancreatic cancers represent the fourth and fifth leading 

causes of cancer related death in the. United States. respectively (1). 

Conventional chemotherapeutic modalities have not been effective in the 

treatment of either pancreatic cancer or invasive colorectal cancers. and the 

prognosis for patients with these diseases is very poor. Recombinant DNA 

technology has allowed the cloning and large scale production of immune 

proteins. termed cytokines. that may be useful in novel therapeutic approaches 

to human cancers. Tumor necrosis factor (TNF) and gamma interferon (IFN-y) 

are two such cytokines that have shown selective antitumor activity in vitro and 

in vivo and are now in clinical trials in some neoplastic diseases (2). However. 

the potential usefulness of these compounds in the treatment of pancreatic and 

colorectal cancers is not known. The overall purpose of this study was to 

provide the rational for testing novel therapeutic approaches to these cancers 

with cytokine immunotherapy. Accordingly, one must first characterize the 

biological effects of these cytokines in vitro on established pancreatic and 

colorectal tumor cell lines. 

The focus of this research therefore was to characterize the growth 

regulatory effects of TNF and IFN-y in established human pancreatic and 

colorectal carcinoma cell lines and to correlate these effects with the expression 

of cell surface receptors for TNF and IFN-y. Further. I examined the modulation 

of TNF and IFN-Y receptors by TNF and IFN-y in an attempt to elucidate the 

mechanisms that regulate the synergistic actions of these cytokines. Indeed, I 

have shown that TNF and IFN-y modulate the expression of each others 

receptors in a subset of human pancreatic and colorectal carcinoma cell lines. 

------------_.- - -' - .... -. -'" .... ~.-. -'. . . .... ..-
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The modulation of TNF and IFN-y receptors in human pancreatic and 

colorectal carcinoma cells provides a useful model system to study the signal 

transduction pathways involved in TNF action. Protein kinase C (PKC) is a 

Ca2+-phospholipid-dependent kinase that is activated by several peptide 

hormone systems and is an important regulator of cell growth and function (3). 

Further, PKC can modu'late the functions of some peptide hormones by 

modulating the expression of their receptors (3). Therefore, as the final part of 

this dissertation, I examined the role of PKC in the regulation of TNF and IFN-y 

receptor expression in human pancreatic and colorectal carcinoma cells. 

In summary, the specific aims of this dissertation were: 

1. To investigate the growth inhibitory effects of rhTNF and rhlFN-y in several 

human pancreatic carcinoma cell lines and a human colorectal carcinoma cell 

line in vitro in both short-term and long-term incubations. 

2. To identify specific binding sites for TNF and IFN-y in these cell lines using 

1251-labeled rhTNF and rhlFN-y and Scatchard analysis. 

3. To investigate the role of TNF and IFN-y receptor modulation as a 

mechanism for the synergistic growth inhibitory effects of these cytokines. 

4. To investigate the role of protein kinase C and related pathways in the 

regulation of TNF and IFN-y receptor expression. 

--'-- ._-_ .. _------_ .. _. __ .- . ... ........ --' .... ......... . .. -. 
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CHAPTER TWO 

BACKGROUND AND SIGNIFICANCE 

-_ .. _ .. _-
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Cytokines are large group of peptide molecules which play pivotal roles 

in immune function and regulation (4). Interleukins, interferons, colony 

stimulating factors, and tumor necrosis factors are members of this group which 

comprise intricate regulatory and effector pathways that maintain the 

homeostasis and efficient function of the innate and adaptive immune systems. 

The present work focused on two cytokines, tumor necrosis factor and gamma 

interferon, both of which have important immunoregulatory and anticellular 

properties (2). 

TUMOR NECROSIS FACTOR (TNF) 

Stryctyre and Antitumor effects. 

Tumor necrosis factor (TNF, TNF-alpha) is a 17 kD predominantly 

monocyte and macrophage-derived protein that was originally defined as the 

tumor necrotizing agent in the serum of mice injected with bacillus Calmette

Guerin (5) and was later characterized as having cytostatic/cytotoxic effects on a 

variety of tumor cell lines in vitro and in vivo (6-8). More recently TNF has been 

recognized as having pleiotropic biological activities, influencing the growth, 

differentiation, and function of cells in both normal and transformed tissues. 

TNF is an important mediator of the inflammatory and immunological response 

to tissue injury, and to bacterial, viral and parasitic infections (9). Further, the 

antitumor effects of TNF and its synergistic interaction with the 

immunomodulating protein, gamma interferon (IFN-Y) (6,7), has suggested that 

these cytokines may play important roles in immune surveillance against 

cellular transformation. These antitumor aspects of TNF and IFN-yaction also 

has provided hope that these cytokines may be useful in the clinical treatment of 

_ .......... _ ... -._. ----_._-----------_. __ ._ ....... -. . ... -.-........ "'~. 
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tumors that are refractory to the conventional treatment modalities of 

chemotherapy and irradiation. 

Mecbanlsms of TNE-medlated cytostasls and cytotoxiCity. 
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The molecular mechanisms which govern the selective antitumor effects 

of TNF and the mechanisms involved in its synergism with IFN-yare unclear. 

However, recent evidence has elucidated some of the "downstream" 

intracellular events that may be implicated in the antiproliferative/cytotoxic 

activity of TNF and IFN-y. The anticellular effects of TNF have been associated 

with the generation of toxic intracellular products which may overwhelm the 

cells scavenging and repair mechanisms leading to irreversible intracellular 

damage (10). DNA fragmentation and release of low molecular weight DNA 

has been observed in sensitive cells undergoing cytolysis by TNF, but not in 

resistant cells (11). This DNA damage may reflect inoperable DNA repair 

mechanisms involving DNA topoisomerase activity since cell killing by drugs 

targeted at DNA topoisomerase " is enhanced by TNF treatment (12). Further, 

mitomycin C which alkylates and crosslinks DNA also enhances TNF induced 

DNA fragmentation and cytotoxicity (13). Inhibitors of either RNA or protein 

synthesis also markedly increase TNF-mediated DNA damage and cytotoxicity 

(5,12,14,15). It has been suggested that these agents enhance TNF cytotoxicity 

by blocking synthesis of protective or scavenging proteins or proteins involved 

in repair of TNF-induced intracellular damage (10,15). Further, elevated 

temperatures (39-40°C) also enhance TNF cytotoxicity (16), suggesting that 

"stressed" cells are more susceptible to TNF action. Fusion of resistant and 

sensitive cells into heterokaryons demonstrated that the resistant phenotype is 

. --------------_ ... ------
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dominant. suggesting that TNF sensitive cells do indeed lack mechanisms that 

protect the cell against TNF-mediated toxicity (17). 

What are the products or mechanisms induced by TNF that lead to 

toxicity DNA fragmentation? The generation of reactive oxygen intermediates 

has earned considerable support as such product(s) both in vitro and in vivo. It 

has been demonstrated that TNF specifically induces the expression of Mn 

superoxide dis mutase (an anti-oxidant enzyme) mRNA in several cell lines 

which normally expressed low or undetectable levels of this enzyme (18). Cells 

resistant to TNF cytotoxiCity constitutively expressed this enzyme and the levels 

induced by TNF were much higher than in cells that were sensitive to TNF. A 

correlation between high intracellular glutathione (an oxygen radical 

scavenger) levels and in vivo tumor resistance to TNF and low glutathione 

levels and TNF sensitivity also has been demonstrated (19). It appears that 

arachidonate metabolism also plays a role TNF-mediated growth inhibition. 

Evidence for the involvement of this metabolic pathway mainly derives from the 

observations that indomethacin. dexamethasone and other glucocortacoids. 

which are inhibitors of phospholipase A2 activity. and therefore inhibit 

arachidonic acid metabolism. can decrease or block TNF mediated cytotoxicity 

(10.20.21). Further. TNF has been demonstrated to be a potent inducer of 

prostaglandins (PG). metabolites of the cyclooxygenase pathway of arachidonic 

acid metabolism (22.23). 

The antiproliferative/cytotoxic effects of TNF also are regulated by growth 

factors and by expression of tyrosine kinase oncogenes (24.25). On the other 

hand. TNF can modulate the actions of certain growth factors. For example. 

TNF increases EGF receptors and potentiates EGF and PDGF stimulated DNA 

--- _._-_. --- - - .. 
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synthesis in fibroblasts (26). TNF also enhances TGF-p stimulated fibroblast 

growth (27). However, in shorter time frames (hours vs. days for growth 

regulatory effects) TNF has been shown to phosphorylate and downregulate the 

EGF receptor, which leads to altered tyrosine kinase activity in tumor cells 

sensitive to TNF-mediated growth inhibition but not in resistant tumor cells 

(28,29). Taken together, these observations suggest that the biological actions 

of TNF are complex, and the mechanisms of its growth regulatory effects may 

involve multiple pathways, especially in the microenvironment of the tumor cell 

in vivo. 

Inflammatory effects of TNE and Immynoregylatlon. 

Inflammation is the fundamental aspect of the host immune response to 

invasive foreign organisms and cellular transformation. However, if unchecked 

or sufficiently intense, inflammation can cause injury and even death to the host. 

Monokines (monocyte/macrophage-derived cytokines), of which TNF is one of 

the most abundant, are primary mediators of the inflammatory response. 

However, TNF is also intimately involved in inflammatory disease states, 

including endotoxic shock, graft-vs-host disease, cerebral malaria, and cancer 

cachexia. Thus, TNF production and immunomodulatory actions must be 

intrinsically checked and maintained in a delicate homeostasis in a normally 

functioning immune system. 

Many of TNPs inflammatory actions can be attributed to its effects on the 

vascular endothelium. TNF modulates the expression of various surface 

antigens on endothelial cells including antigens that promote the adhesion of 

neutrophils (30-33). TNF causes elaboration of procoagulant activity, 

production of type-1 plasminogen activator inhibitor and phospholipase A2 
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activity, while suppressing expression of thrombomodulin, and tissue-type 

plasminogen activator (34-36). These activities on the endothelial vasculature 

most likely are implicated in the hemorrhagic necrosis of tumors by TNF in vivo. 

Further, TNF causes release of IL-1 by endothelial cells and in tum IL-1 mimicks 

some of the actions of TNF on the endothelium (37-40). Synergy between IFN-Y 

and TNF also has been observed in many of these effects on endothelial cells 

(8,39). 

TNF has been demonstrated to exert effects on almost all cell types of the 

. immune system. The effects of TNF on T cells include: the induction of 

expression of its own receptor, induction of HLA-OR expression, and 

enhancement of IL-2 receptor expression and T-cell responsiveness to IL-2 

(41). Further, TNF enhances IFN-Y production by T-cells, and promotes the 

mixed-lymphocyte reaction (42). TNF generally is inhibitory to B-cell growth 

and differentiation (43). 

TNF is a major mediator of neutrophil activation and neutrophil adhesion 

(44-47). In addition to enhancing adhesiveness to endothelial cell surfaces, 

TNF enhances the expression of complement receptor and displays 

chemotactic activity for neutrophils (48.49) which may promote neutrophil 

localization in inflammatory areas. TNF causes neutrophil degranulation (46), 

release of lysosomal enzymes and enhanced hydrogen peroxide and 

superoxide anion production (47,50), and increased phagocytic activity (45), all 

of which contribute to the inflammatory response in the microenvironment. 

Activation. of neutrophils, eosinophils, and monocytes/macrophages by 

TNF to kill invasive intracellular organisms suggests a beneficial role of TNF in 

parasitiC and bacterial infections (51-53). In view of its cytostatic/cytotoxic 

----.-------- --_._---_.---
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activity. TNF most like I}' is a primary mediator of monocyte/macrophage 

tumoricidal activity. capable of inducing target cell death by 

monocyte/macrophages in both 26 kD membrane bound and 17 kD secreted 

forms (54.55). 

TNF also regulates hematopoiesis. influencing the production of 

hematopoietic growth factors (56.57) and by exerting both inhibitory and 

stimulatory effects on the growth and differentiation of hematopoietic cells 

(58.59). Again, TNF exerts synergistic effects with IFN-'Y in many of these effects 

(58.59). 

TNE effects In other tissues. 

TNF stimulates fibroblasts to proliferate (60). and stimulates both 

fibroblasts and synovial cells to secrete collagenase and PGE-2 (61). TNF 

stimulates resorption and inhibits synthesis of proteoglycan in cartilage (62) and 

activates osteoblasts to stimulate osteoclastic cell bone resorption while 

inhibiting bone formation (63.64). TNF also is found in significant levels in 

inflammatory synovial tissue from patients with various arthritic diseases (65). 

Taken together along with its modulatory effects on endothelial tissue. these 

observations suggest that TNF may contribute to pathogenesis of various 

arthritic diseases. 

TNF can exert toxic effects on liver tissue (66) and suppress overall 

hepatic protein synthesis (67). However. TNF also is an important regulator of 

acute phase reactants. causing diminished production of albumin and 

enhanced production of fibrinogen. alpha-1-acid glycoprotein. and cysteine 

protease inhibitor (68.69). Alphaglobulins. which make up part of the acute 

phase reactants. inhibit TNF production by peripheral blood mononuclear cells 

......... _ ..... _ ... --_ .. _ ... _----_._--
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(70), suggesting a possible regulatory loop between acute phase reactants and 

TNF action in inflammation. 

Along with its various inflammatory and immunoregulatory properties, 

TNF also exerts biological effects on the central nervous system. TNF has been 

shown to have thermoregulatory activity, inducing a pyrogenic response by 

itself and by inducing the secretion of interleukin-1 (IL-1), itself a potent pyrogen 

(71). TNF also causes anorexia, which may be due to direct action in the 

central nervous system (72). 

Identity of cachectin and TNE. and implication of TNE/cachectin as 

the causatlye agent of endotoxin (LPS) biological actlylty. 

TNF, while being isolated and characterized as the tumor necrotizing 

agent in serum derived from gram negative bacterial bacterial infections (5), 

was separately being characterized by Cerami st af as being the causative 

agent in the phenomena of hypertriglyceridemia and cachexia or "wasting 

syndrome" seen in gram negative bacterial infections (73,74), (thus, the factor 

was termed by some investigators as "cachectin"). The hypertriglyceridemia 

and cachectic effects of TNF are now known to be due to suppression of 

lipoprotein lipase (LPL) activity in adipose tissue (75). Historically, it was 

determined that injection of purified preparations of endotoxin 

(lipopolysaccharide), an outer cell membrane component of gram negative 

bacteria (76), mimicked the effects caused by serum from gram-negative 

bacterial infections (8). Further studies revealed that a protein component 

purified from endotoxin primed-serum could substitute for endotoxin in inducing 

tumor necrosis and cachexia. Endotoxin is now known to be the most potent 

inducer of TNF production yet described (8), and therefore the tumor necrotizing 
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action and cachectic activity of endotoxin were thus due to its potent effects on 

TNF production. Most of the biological activity of endotoxin, such as induction of 

hypertriglyceridemia, endotoxic shock, and various modulatory effects on 

immune cells, are now directly attributed to TNF action (76). 

GAMMA INTERFERON (lFN-:t,h 

Biological actlyltles and antlprollferatlye properties. 

Interferon gamma is a T cell-derived 20 or 25 kD glycoprotein 

(depending on the extent of glycosylation) that has important immunoregulatory, 

antiviral and anti proliferative properties (77). The immunoregulatory properties 

of IFN-yare broad, ranging from monocyte/macrophage, T-ce", and NK cell 

activation, to the regulation of cytokine production and the expression of various 

cell surface antigens including MHC molecules (77). The antice"ular activity of 

IFN-y on both normal and transformed cells may be related to the induction of 

indoleamine 2,3 dioxygenase, a tryptophan degradation enzyme. Activation of 

this enzyme by IFN-y in some cells causes depletion of tryptophan in the culture 

medium leading to growth arrest, which can be partially reversed by addition of 

exogenous tryptophan (78,79). IFN-y is known to markedly enhance TNF 

mediated cytotoxicity both in vitro and in vivo, and in most instances the 

cytotoxic effects of the two cytokines are synergistic (4,5,6). The post-receptor 

mechanism(s) of their synergism, however, is unclear. It is possible that IFN-y 

may block transcription or translation of scavenging proteins or proteins 

involved in repair of TNF-induced intrace"ular damage. In support of this 

hypothesis, IFN-y is known to modulate expression of a variety of genes and its 

antiviral properties include blocking protein synthesis (77,78). The importance 
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of efficient protein synthesis in protecting a cell from TNF induced damage is 

further substantiated by the observation that actinomycin D or cycloheximide 

treatment. or glutamine deprivation enhances TNF-induced DNA fragmentation 

(11). This latter observation is especially intriguing in light of the IFN-'Y

mediated tryptophan depletion mechanism stated above. 

CYTOKINE RECEPTORS 

The initial event in the mechanism of TNF and IFN-'Yaction involves. as 

with other peptide hormones. specific binding of the cytokine molecule to high 

affinity cell surface receptors present on target cell surfaces. TNF and IFN-'Y 

receptors have been identified on essentially all cell types examined (21.81-

85). However. it is unclear why cells respond differently or not at all to the 

biological actions of TNF and IFN-'Y. It is possible that the level of receptor 

expression may influence the cellular response of a cell. i.e. high numbers of 

receptors leads to high level of response. Although sensitivity to cytokines may 

be modulated by upregulation and/or downregulation of cytokine binding 

capacity (21.25.83-91). in many cases. TNF and IFN-'Y responsiveness is not 

directly related to the number or affinity of binding sites (21. 88-91). suggesting 

that there are important post-receptor mechanisms contrOlling the tissue

specific cellular responses of these cytokines. Some of the more "downstream" 

post-receptor events have been mentioned above. Still modulation of TNF and 

IFN-'Y receptors may be important contributing mechanisms to the eventual 

intracellular events. 
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TNE receptor. 

Two distinct human TNF binding proteins have been isolated from urine 

(92). These proteins are immunologically distinct. bind TNF. but compete with 

TNF ligand for binding to cellular TNF receptors. suggesting that they may be 

shed forms of cellular TNF receptors. Amino acid sequencing of these TNF 

binding proteins and other approaches. have allowed the cloning of two 

different human TNF receptors. encoding 55 and 48 to 68 kilodalton proteins 

(93-96). The variation in size of the TNF 'receptors are most likely due to 

differences in glycosylation. The TNF receptors exhibit 22 % amino acid 

sequence homology to each other. 29% homology in their extracellular domain 

to the nerve growth factor receptor. and 24% homology to the B lymphocyte 

activation molecule Bp50 (CDw40). The intracellular domains of the TNF 

receptors reveal no known homology with other proteins. other than homology 

in potential consensus phosphorylation sites. Thus. the intracellular domain of 

the TNF receptor provides no clue to the mechanism of TNF receptor Signal 

transduction. The cloning of two distinct TNF receptors is consistent with the 

report of two major types of TNF receptors characterized on different cell types 

(97). Both TNF receptors also bind Iymphotoxin (LT. TNF-beta). a 

predominantly T-cell derived cytokine that has 28% amino acid sequence 

homology with TNF and mimicks most of the biological effects of TNF (98). 

IEN-Y"receptor. 

The human IFN-Y receptor has also been cloned (99). It is a 90 

kilodalton glycosylated protein that has extracellular. transmembrane. and 

intracellular domains. but has no homology to known proteins. The sequence 

of the intracellular domain does not suggest possible signal transduction 
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mechanisms for IFN-Y. However, it appears that there are important species 

specific accessory molecules other than the receptor that are necessary to elicit 

biological effects since expression of the human IFN-Y receptor in mouse cells 

or the mouse receptor in human cells displays the appropriate respective ligand 

binding characteristics but is unable to elicit a biological response (99,100). 

RECEPTORS AND SIGNAL TRANSDUCTION. . 

Upon binding of peptide hormones to cell surface receptors, the 

ligand/receptor complexes formed are clustered in clathrin-coated pits and 

endocytosed forming an intracellular "receptosome" (39). In some peptide 

hormone systems, the initial interaction of the ligand with the receptor directly 

activates second messengers (39). Subsequently, fusion of the receptosome 

with a lysosome may take place leading to degradative processing of the ligand 

and/or its receptor and release of degraded peptides into the extracellular 

environment (39). In some instances, the intact receptor and/or ligand are 

recycled back to the surface (39,84,85). The endocytosis and processing of the 

ligand and/or receptor may also contribute to the signal transduction 

mechanism(s) (21,84,85,39). These mechanisms include: alterations and 

turnover of membrane phospholipids, activation of protein kinases, 

phosphorylation and dephosphorylation events, Ca2+ fluxes, ion channel 

activation and other ion fluxes, and polarization and depolarization events. 

These events are not mutually exclusive, and often combine to effect the 

biological actions of the peptide. 
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Signal transduction by TNE. 

The mechanisms involved in TNF Signal transduction are unclear. Some 

peptide hormones transduce signals through the activation of phospholipase C, 

which leads to turnover of membrane inositol phospholipids (102). 

Phospholipase C cleaves phosphatidylinositol 4,5 bisphosphate (PIP2) and 

generates inositol triphosphate (IP3) and diacylglycerol (DAG). DAG induces 

translocation and activation of the Ca2+-phospholipid-dependent protein 

kinase C (PKC), while IP3 causes accumulation of cytoplasmic Ca2+ released 

from endoplasmic reticulum stores (2,40). The accumulation of cytoplasmic 

Ca2+ contributes to the activation of PKC by DAG and/or leads to activation of 

calmodulin-dependent protein kinases, phosphatases, and 

phosphodiesterases. Another possible mechanism of TNF signal transduction, 

mediated by coupling of peptide hormone receptors to G-proteins, results in the 

activation of adenylate cyclase and an increase in intracellular cAMP (103). 

cAMP binds to the regulatory subunits of the cAMP-dependent protein kinase, 

leading to activation of the catalytic domains and subsequent phosphorylation 

events (104). 

PKC pathway. 

TNF has been shown to activate PKC, a serine-threonine kinase, in two 

leukemic and one monocytic tumor cell lines (105). However, this effect did not 

appear to be related to TNF-mediated activation of nuclear transcription factor 

kB in at least one of the cell lines (106). Further, TNF has been shown to 

induce serine-threonine phosphorylation of several proteins including the 

epidermal growth factor (EGF) receptor (28,29,107). Again, the TNF-mediated 

phosphorylation of the EGF receptor occurs through PKC-independent 
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mechanisms (2S). Thus, it is unclear whether TNF-mediates any of its biological 

activity directly through PKC. In contrast, activation of PKC by other ag.ents has 

been shown to down regulate TNF receptors and attenuate TNF-mediated 

biological effects (1 OS, 109). 

cAMP pathway. 

TNF may cause at least some of its biological effects either directly or 

indirectly through cAMP. The TNF-mediated induction of IL-6 mRNA and 

protein expression in FS-4 fibroblasts was mimicked by agents that elevate 

cAMP levels and by cAMP analogs (110). Further, TNF was shown to elevate 

cAMP levels and to activate cAMP-dependent protein kinase (PKA) in this cell 

line (111). TNF may indirectly raise cAMP levels by induction of prostaglandin 

E2 (PGE2), which is in itself a strong inducer of cAMP (112-114). In support of 

this indirect effect, it was demonstrated that TNF caused a dose- and time

dependent increase in PGE2 production in rat mesangial cells and a 

concomitant increase in cAMP in the culture supernatant (114). Indomethecin 

treatment completely blocked the induction of PGE2 by TNF but did not 

completely block the accumulation of cAMP. These observations suggested 

that PGE2 accounted for most of the the cAMP accumulation, but at least some 

of the increase in cAMP levels was a direct effect of TNF. A similar study using 

a peritoneal macrophage cell system, also demonstrated an indirect effect of 

TNF on cAMP production through induction of PGE2 (115). 

Other post-receptor mechanisms of TNE. 

Guanine nucleotide binding proteins (G-proteins) couple peptide 

hormone receptors to enzyme systems such as adenylate cyclase, 
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phospholipase C, and phospholipase A2, which then generate intracellular 

messengers (103). TNF has been shown to induce GTP binding and GTPase 

activity in HL-60 and L929 cells and to induce ADP-ribosylation of several 

intracellular proteins (116,117). This effect may be related to TNF-mediated 

cytotoxicity, since nicotinamide and 3-aminobenzamide, two inhibitors of ADP

ribosylation attenuate TNF cytotoxic effects in L929 cells (116). Thus, these 

results suggest that some of the biological activity of TNF may be mediated 

through G-proteins or G-protein like molecules. TNF also has been shown to 

regulate the activity of ornithine decarboxylase (ODC), a rate limiting enzyme in 

polyamine synthesis (118). TNF stimulates this enzyme in a glioblastoma cell 

line in which TNF exerts mitogenic effect, but inhibits this enzyme in a 

melanoma cell line in which it exerts an anti-proliferative effect. 

TNF AND INTERLEUKIN·1 ClL·1): DISTINCT MONOKINES WITH 

BROAD OVERLAppING BIOLOGICAL ACTIVITIES. 

Interleukin-1 (IL-1), like TNF, is predominantly a monocyte-derived 

cytokine that mediates or regulates many essential immunological processes 

(2). Although TNF and IL-1 are biochemically and immunologically distinct and 

bind to different cellular receptors, their biological activities are strikingly similar 

(39). Their overlapping biological activities include, cytostatic/cytotoxic activity, 

regulation of monocyte antitumor activity, mitogenic activity, antiviral activity 

and interferon-P2 induction, activation of T cells and neutrophils, regulation of 

hematopoietic cell growth and differentiation, osteoclast activation and cartilage 

resorption, pyrogenic activity, regulation of collagenase and prostaglandin 

synthesis, and various effects on endothelial cells (39). TNF and IL-1 may 
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induce the same biological activities by induction of similar post-receptor 

mechanisms. Both TNF and IL-1 have been demonstrated to increase cAMP 

levels (110,111), to induce kinase activity and the phosphorylation of 

intracellular substrates (107,111,119), to induce GTPase activity (117,120), and 

to induce activation of similar promoter/enhancer DNA sequences (121,122). 

However, the TNF and IL-1 receptor-mediated mechanisms that couple ligand 

binding to signal transduction are unknown. Nonetheless, the similarities in the 

biological activities and post-receptor mechanisms induced by TNF and IL-1 

provide useful tools to elucidate the coupling mechanisms involved in signal 

transduction by TNF and IL-1 receptors. 
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CHAPTER THREE 

BINDING AND BIOLOGICAL EFFECTS OF TUMOR NECROSIS 

FACTOR AND GAMMA INTERFERON IN HUMAN PANCREATIC 

CARCINOMA CELLS 
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SUMMARY 

The cytostatic/cytotoxic effects of recombinant human tumor necrosis 

factor alpha (rhTNF) and gamma interferon (rhIFN-y) were studied in five human 

pancreatic tumor cell lines. During a 48 hour incubation, MIA PaCa-2 cells 

were most sensitive to rhTNF (56% cytotoxicity, 500 U/ml), T3M4 cells were 

most sensitive to rhlFN-y (54% cytostasis, 250 U/ml), and ASPC-1 and COLO 

357 cells were most sensitive to the compination of rhTNF and rhlFN-y (56% 

and 55% cytotoxicity respectively, 250 U/ml of each cytokine). PANC-1 cells 

were relatively insensitive to either the individual or the combined effects of 

these cytokines. All five cell lines exhibited specific, high-affinity receptors for 

1251-labeled rhTNF (480 to 8,610 sites/cell) and rhlFN-y (2,050 to 6,280 

sites/cell). MIA PaCa-2 cells, which were the most sensitive to the inhibitory 

effects of rhTNF, also possessed the largest number of 1251-rhTNF receptors, all 

other cell lines had relatively low number of binding sites and low sensitivity. In 

contrast, no direct correlation could be made between the number of IFN-y 

binding sites and inhibitory sensitivity in any of the cell lines. Incubation of 

COLO 357 cells at 37°C with either 125'-rhTNF or 1251-rhIFN-y lead to 

internalization of the respective 1251-labeled ligand. These findings document 

the presence of cytokine receptors in human pancreatic carcinoma cells, and 

suggest that post-receptor events, rather than differences in receptor number or 

affinity, more likely govern the responsiveness of pancreatic cancer cells to TNF 

and IFN-y. 

---_._ ... _---------_ .. - ---- ...... - ,.,-.~, _ .... , ,- "-' 



35 

INTRODUCTION 

Pancreatic cancer is the fifth leading cause of cancer related death in the 

United States (1). The lack of effective anticancer therapies for pancreatic 

neoplasms has contributed to the very poor prognosis for this disease. The 

cloning of the genes which encode tumor necrosis factor (TNF) and gamma 

interferon (IFN-y) has allowed for the availability of these compounds for use in 

novel therapeutic approaches to a number of neoplastiC diseases (123,124). 

However, the potential usefulness of these cytokines in the treatment of 

pancreatic cancer is not known. 

TNF and IFN-y exert their biological activities by binding to specific cell 

surface receptors on target cells. High affinity binding sites for TNF and IFN-y 

have been documented on a variety of normal and transformed cells (21, 81-

85), but not on human pancreatic carcinoma cells. Thus, the relationship 

between the expression of receptors and the biological responsiveness to TNF 

and IFN-y in human pancreatic carcinoma cells is not known. 

In the present study, I examined the cytostatic/cytotoxic effects of TNF and 

IFN-y in a number of human pancreatic carcinoma cell lines, and analyzed 

each cell line for the presence of TNF and IFN-y receptors. I report here that 

recombinant human TNF and IFN-y exert differential cytostatic/cytotoxic effects 

in several human pancreatic carcinoma cell lines in vitro, that are synergistic in 

some instances. Further, a" of the cell lines studied possess high affinity 

binding sites for both TNF and IFN-y. 

------.---
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MATERIALS AND METHODS 

Cell culture. MIA PaCa-2, PANC-1, and ASPC-1 cells were obtained 

from the American Type Culture Col/ection. T3M4 (125) And COLO 357 (126) 

cells were obtained from Dr. A.S. Metzgar (Duke University). C8161 melanoma 

cells were obtained from Dr. Frank Meyskens (University of California, Irvine). 

Cells were routinely propagated in monolayer culture in a humidified incubator 

at 3TC in a 5% C02/95% air atmosphere. MIA PaCa-2, COLO 357, PANC-1, 

and C8161 cells were grown in Dulbecco's modified Eagle's medium; T3M4 

and ASPC-1 cells were grown in RPMI1640 medium. Media were 

supplemented with 10% heat-inactivated FBS (Hyclone Inc., Logan, Utah), 100 

uM non-essential amino acids, 1 mM sodium pyruvate, 2 mM L-glutamine, 50 

U/ml penicillin and 50 ug/ml streptomycin (Irvine Scientific, Santa Ana, CA). 

Reagents. rhTNF (specific activity 5.02x107 U/mg) and rhIFN-'Y 

(specific activity 2x107 U/mg) were gifts of Genentech Inc. (S. San Francisco, 

CA). Rabbit polyclonal antibodies specific for rhTNF and rhIFN-'Y were 

produced by immunizing New Zealand white rabbits with the respective 

cytokine emulsified in Freund's complete adjuvant (Difco, Inc., DetrOit, MI). 

Each antiserum contained at least 400 neutralizing units/ul as determined by 

inhibition of cytotoxic effects of rhTNF on L929 cells and inhibition of the growth 

inhibitory effects of rhIFN-'Y on T3M4 cells. Actinomycin 0, cycloheximide, and 

MTT (3-4,5-dimethylythiazol-2-yl-2,5-diphenyltetrazolium bromide) were 

obtained from Sigma Chemical Co. (St. Louis. MO). lodogen reagent (1.3.4.6-

tetrachloro-3.6-diphenylglycouril) was obtained from Pierce Chemical Co. 

(Rockford. IL.). 
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Growth Inhibition assay. The growth inhibition assay was a 

modification of the assay developed by Mosmann (127), which relies on the 

uptake and metabolism of the tetrazolium salt, 3-4,5-dimethylythiazol-2-yl-2,5-

diphenyltetrazolium bromide (MTT). Only viable cells take up and metabolize 

the compound into dark blue formazon crystals. The crystals are solubilized in 

alcohol and the amount of reagent metabolized can be quantitated in a 

colorimetric assay. Briefly, cell monolayers were trypsinized with 0.25% trypsin 

(Irvine Scientific), washed with complete medium and plated at 25,000 

cells/we" in 96 we" microtiter plates (Costar), and allowed to adhere. Cells 

were then incubated with the indicated concentrations of either TNF or IFN-y, or 

their combination for 48 hours in a final volume of 100 ul. Fo"owing the 

incubation period, media was aspirated and replaced with fresh media 

containing 50 ug/ml of 3-4,5-dimethylythiazol-2-yl-2,5-diphenyltetrazolium 

bromide (MTT) and the cells were incubated for an additional 4 hours. The 

reaction was stopped by the addition of 150 ul of acidified isopropanol (0.04 N) 

followed by vigorous mixing. Plates were then centrifuged to remove cell debris 

and 100 ul of colored supernatant from each we" were transferred to clean 

plates. Optical density (0.0.) was determined in a Titertek multiscan using a 

570 nm filter. 0.0. readings were converted to percent of control growth using 

the following formula: 

% CONTROL GROWTH = Experimental 0.0. - Background 0.0, x 100 

Maximal 0.0. - Background 0.0. 

The maximal 0.0. was obtained from control wells containing cells incubated 

with fresh medium alone, and the background O.D~ ~as obtained by the 
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concomitant addition of 10 ul of 1 N HCI and MTT dye to control wells. 

Cytotoxic/cytolytic effects were also expressed as % Cytotoxicity, which was 

calculated using the formula 1 - % Control Growth. Inasmuch as this assay 

cannot distinguish between dead (or severely damaged) cells and 
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metabolically inactive cells, cell numbers (and viability) were also determined 

by trypsinization and cell counting using a hemocytometer and trypan blue dye 

exclusion. Similar effects on cell viability was seen with either the MIT assay or 

by cell counting. 

Binding experiments. rhTNF and rhlFN-y were labeled with 1251 by 

modifications of the lodogen method previously described for both cytokines 

(87,128). Briefly, rhTNF or rhIFN-y(25 ug/100 ul) and 1 mCi of 1251 (New 

England Nuclear, Boston, MA.) were added to a test tube coated with 10 to 15 

ug of lodogen reagent (1,3,4,6-tetrachloro-3,6-diphenylglycouril) and incubated 

at 4°C for 10 minutes. The reaction was stopped by removal of the mixture from 

the test tube. Free 12510dine was removed by passage over a PO-10 column 

(Pharmacia) equilibrated with phosphate buffered saline (PBS, pH 7.4) 

containing 0.1 % bovine serum (BSA). The peak radioactive protein fraction 

was always greater than 95% TCA precipitable, and was used for a" binding 

experiments. Recovery of 1251-rhTNF was 80%-90% as determined by ELISA 

for TNF as previously described (129). Recovery of 1251-rhIFN-y was 55%-70% 

as determined by a commercially available ELISA for IFN-y (Amgen, Thousand 

Oaks, CA). The specific activity of both labeled cytokines ranged from 35,000 to 

60,000 cpm/ng for several iodinations. When iodinated rhTNF and rhlFN-y 

were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SOS-PAGE), monomeric moieties of 17 kOa and 16 kOa, respectively, were 
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observed (123,124). However, under non-reducing conditions, a dimeric form 

of rhIFN-y, and dimeric and trimeric forms of rhTNF were observed as previously 

described (130-133). 12S'-rhTNF retained full biological activity as determined 

. by comparing its cytotoxic actions on 1929 cells with the actions of unlabeled 

rhTNF (87). 12S,-labeled rhlFN-y retained full biological activity as determined 

by comparing its effect on the induction of HLA-DR antigens on C8161 

melanoma cells with that of unlabeled rhIFN-y. The melanoma cell line was 

used as a positive control inasmuch as melanocytes and many melanoma cell 

lines are responsive to the induction of HLA-DR antigens by IFN-y (134). 

Binding experiments were carried out in 12 well plates seeded with 

Sx1 oS cells/well. Monolayers were washed with complete medium and 

incubated at 37°C for 2 hours with binding medium containing 200,000 cpm of 

the respective radiolabeled cytokine (maximal binding at 37°C occurred within 

2 hours for all cell lines). Binding was terminated by washing the cells 4x with 

Hank's balanced salt solution (HBSS) containing 0.1 % BSA at 4°C. Cells were 

then solubilized in O.S M NaOH, and cell-associated radioactivity was measured 

using a gamma counter. Non-specific binding, determined by the addition of a 

2S0-S00 fold excess of the respective unlabeled cytokine, was never greater 

than 20% of total binding. To determine receptor number and affinity, cells 

(Sx10S/well, 12 well plates) were incubated under equilibrium binding 

conditions (4°C for 4 to 6 hours) with increasing concentrations (1 to 50 ng/ml) 

of either 1251-rhTNF or 12S'-rhIFN-y. The were analyzed by the method of 

Scatchard (135) using the LIGAND program (136). This analysis was carried 

out with the assumption that the molecular moieties of 1251-rhTNF and 1251_ 
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rhlFN-y that bound to the cells were trimers (MW =51 kOa) and dimers (MW=32 

kOa), respectively (i 30-133). 

To monitor 1251-rhTNF and 1251-rhIFN-y internalization, COLO 357 cells 

(5x105 in 12 well plates) were incubated at 37°C with 200,000 cpm of 1251_ 

rhTNF or 300,000 cpm of 1251-rhIFN-y for either 30 or 120 minutes and washed 

as in binding experiments. Cells were then incubated for 4 minutes at 4°C with 

0.5 M NaCI that was titrated to pH 2.5 with acetic acid (137). Following elution 

of membrane-bound (acid dissociable) radioactivity, cells were solubilized in 

0.5 M NaOH to determine the internalized (acid resistant) radioactivity. 

Statistical analysis. Statistical analysis of multiple comparisons was 

carried out using analysis of variance (ANOVA) and Tukey's multiple 

comparison procedure and a two-tailed Student's t test. Cellular viability data 

was analyzed by a dose-effect analysis computer program which enables 

determination of antagonistic, additive, or synergistic effects of multiple drug 

treatments (138), on an ATT computer. 
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RESULTS 

Effects of rhTNF and rhlFN-y on cellular viability. Four of five 

human pancreatic tumor cell lines demonstrated at least a 50% decrease in 

growth after a 48 hour incubation with a particular cytokine or combination of 

cytokines using the MIT cell growth assay (Fig. 1). The growth inhibitory effects 

produced by these cytokines were found to be highly significant when analyzed 

by ANOVA and Tukey's multiple comparison procedure. MIA PaCa-2 cells were 

most sensitive to rhTNF, exhibiting a 56% decrease in growth at a concentration 

of 500 U/ml (p<0.001, Fig. 1A). This effect appeared to be cytotoxic/cytolytic, as 

it was associated with marked detachment of cells and a marked increase in 

trypan blue dye uptake. T3M4 cells were most sensitive to rhIFN-y, 

demonstrating a 54% decrease in growth at a concentration of 250 U/ml 

(p<0.001, Fig. 1 B). The majority of T3M4 cells remained attached and excluded 

trypan blue dye, suggesting that the action of IFN-yon these cells was mainly 

cytostatic. The effects of rhTNF in MIA PaCa-2 cells or rhlFN-y in T3M4 cells 

were not enhanced by the addition of the reciprocal cytokine. PANC-1 cells 

were resistant to the inhibitory effects of either cytokine alone and to their 

combined activity, exhibiting only an 18% decrease in cell growth (Fig. 1 E). 

In contrast, to the other cell lines, ASPC-1 and COLO 357 cells were 

most sensitive to the combination of rhTNF and rhlFN-y (250 U/ml of each), 

exhibiting a 56% and a 55% decrease in growth, respectively (p<0.001, Fig. 

1 C,O). Unlike the effects produced by Single cytokine treatment, in both cell 

lines concomitant treatment resulted in cytotoxic/cytolytic effects, as evidenced 

by marked cell detachment, and trypan blue dye uptake by the detached cells. 

Analysis of the cytotoxic effects of rhTNF and rhlFN-yin ASPC-1 and COLO 357 
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cells with various dilutions of the cytokines in a constant ratio of 10 to 1 of 

rhTNF to rhIFN-y, 10 to 1 of rhlFN-y to rhTNF, or a 1 to 1 ratio of both cytokines, 

revealed that the effects of the cytokines were synergistic (data not shown), as 

determined by a dose effect analysis computer program (138). The most potent 

'growth inhibitory effect of a cytokine(s) on each of the five human pancreatic 

carcinoma cell lines are summarized in Table 1. 

TABLE 1 

Cytostatic/cytotoxic effects of rhTNF and rhlFN-y In human 
pancreatic carCinoma cell lines. 

Qt;LL LI~j; MQSI t;EEI;CII~t; IBt;MMt;~I 1~l:IlaIIOBY: t;EEt;Qla 

ASPC-1 rhTNF + rhlFN-y CYTOTOXIC 
COLO 357 rhTNF + rhlFN-y CYTOTOXIC 
MIA PaCa-2 rhTNF CYTOTOXIC 
PANC-1 b 

T3M4 rhlFN-y CYTOSTATIC 

a The growth inhibitory effect of the most effective cytokine treatment was 
determined by microscopic examination. Criteria for cytotoxic effects included 
the appearance of detached and floating cells and the inability of the cells to 
exclude trypan blue. 
b PANC-1 cells were relatively resistant to all treatments. 
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Effects of pretreatment and addition of specific neutralizing 

antisera on cytotoxicity. Inasmuch as ASPC-1 and COLO 357 cells were 

most sensitive to the combined actions of rhTNF and rhIFN-y, I next examined 

the effects of pretreating these cells with one cytokine prior to exposure to the 

second agent. Pretreatment for 24 hours with either rhTNF or rhlFN-y followed 

by a 48 hour incubation with the reciprocal cytokine was not as effective as the 

simultaneous treatment with both cytokines in either ASPC-1 cells (p<O.005, 

Fig. 2A) or COLO 357 cells (p<O.02, Fig. 2B), based on analysis of the data by 

ANOVA and a two-tailed Student's t test. For both cell lines, treating initially 

with rhlFN-y tended to produce greater cytotoxicity than treating initially with 

rhTNF. 

The combined cytotoxic effects of rhTNF and rhlFN-y were completely 

neutralized in the presence of specific antisera to both cytokines (Fig. 3A,B; 0 

hrs). The addition of normal rabbit antiserum did not reduce cytotoxicity (data 

not shown). When the addition of the rhTNF-specific and the rhIFN-"(-specific 

antisera was delayed by 4 hours, complete neutralization was no longer 

attained (Fig. 3A,B; 4 hrs). However, the cytotoxic effect was still markedly 

blocked as compared to cells that were not incubated with antisera (p<O.001). 

Delaying the addition of both antisera for 24 hours further decreased their 

neutralizing effects, but the cytotoxic action of the cytokines was still partially 

blocked (p<O.05, Fig. 3A, B 24 hrs). Analysis of the data by ANOVA and Tukey's 

multiple comparison procedure indicated that the neutralizing effects of either 

anti rhTNF or anti rhlFN-y serum were not significantly different from each other 

or from that of their combination. 

--------- ------- --.------.---~.-. -_. 
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Figure 2. Effects of pretreatment on growth Inhibition by cytoklnes. 25,000 cells 
were incubated in the absence or presence of 250 U/ml of either rhTNF (PTNF) or rhlFN-y 
(PIFN-'Y) for 24 hrs. Cells were then washed and further Incubated for 48 hours with 250 U/mlof 
either rhTNF (TNF) or rhIFN-" (IFN-'Y). Growth Inhibitory effects were determined by the MTT 
assay. Data are the means±SEM of 3 experiments. 
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Figure 3. Effects of neutralizing antisera on cytoklne growth Inhibition. A. 
ASPC-1 cells. B. COLO 357 cells. 25,000 cells were incubated for 48 hrs with 250 U/ml each of 
rhTNF and rhlFN-y in the absence or presence of the indicated polyclonal antisera (5 ullwell), 
which were added 0 hrs, 4 hrs, or 24 hrs, following the initiation of cytokine treatment. Growth 
inhibitory effects were determined by the MIT assay. Data are the meanS±SEM of 4 experiments. 
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Binding of 1251-rhTNF and 1251-rhIFN-y. To determine whether 

cultured human pancreatic carcinoma cells bind either TNF or IFN-yat the same 

temperature at which they exert their biological actions, binding studies were 

carried out at 37°C using 1251-labeled rhTNF and rhIFN-y. Maximal binding of 

both 125'-labeled cytokines to the pancreatic cancer cell lines at 37°C occurred 

between 90 to 120 minutes (data not shown). The cell-associated 1251 

radioactivity after a 2 hour incubation at 37°C with the respective 125'-labeled 

cytokine is shown in Table 2. MIA PaCa-2 and T3M4 cells exhibited relatively 

high levels of 1251-rhTNF binding, ASPC-1 and COLO 357 cells exhibited 

intermediate levels of binding, and PANC-1 cells exhibited the least binding. 

For 125'-rhIFN-y binding, ASPC-1 and MIA PaCa-2 cells bound the highest 

levels, while COLO 357, PANC-1, and T3M4 cells bound relatively similar 

amounts. The addition of 500 ng/ml unlabeled EGF or of the reciprocal cytokine 

did not alter the specific binding of either labeled cytokine (data not shown). 

Internalization of 1251-rhTNF and 1251-rhIFN-y BY COLO 357 

CELLS. Following binding, most peptide hormones are internalized via 

clathrin-coated pits into "receptosome" structures which may subsequently fuse 

with lysosomal compartments leading to degradation of the ligand and/or its 

receptor (101). I therefore sought to determine if pancreatic carcinoma cells 

internalize rhTNF and rhIFN-y. Accordingly, CQLO 357 cells were incubated at 

37°C for either 30 or 120 minutes with either 1251-rhTNF or 125'-rhIFN-y, and 

the surface-bound radioactivity was removed by acid wash (137). The 

remaining acid resistant radioactivity therefore represented internalized ligand 

molecules. As can be seen in Table 3, at 30 minutes of incubation, 
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approximately equal amounts of either 1251-rhTNF or 1251-rhIFN-y radioactivity 

were localized to the acid sensitive (cell surface) and to the acid resist~nt 

(internalized) compartments. In contrast, at 120 minutes of incubation, most of 

the radioactivity for both ligands was localized to the acid resistant (internal) 

compartment. Further, for both ligands, the amount of surface bound 

radioactivity was less at 120 minutes of incubation than at 30 minutes of 

incubation suggesting there was a loss of cell surface binding sites at the later 

time point due to the internalization of occupied receptors. 

TABLE 2 

Specific binding of 1251-rhTNF and 1251-rhIFN-y In human 
pancreatic carcinoma cell lines. 1 x1 06 cells were incubated at 37°C for 2 
hours with 100,000 cpm/ml of the indicated 1251-labeled cytokine. Data are the 
means±SD of triplicate determinations from a representative (of 3) experiment. 

1251_rhTNF 125 
l-rhIFN-"( 

(cpm) (cpm) 

ASPC-1 1,423±25 12,839±548 

COLO 357 2,364±186 2,189±55 

MIA PaCa-2 8,157±89 5,886±226 

PANC-1 582±59 3,603±198 

T3M4 3,678±150 3,060±118 
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TABLE 3 

Internalization of 1251-rhTNF and 1251-rhIFN-y by COLO 357 cells. 
5x105 cells were incubated for 10 or 120 minutes with either 200,000 cpm/ml of 
1251-rhTNF or 300,000 cpm/ml of 125'-rhIFN-y. Cells were washed, and then 
incubated 4 minutes at 4°C with 0.5 M NaCI that was titrated to pH 2.5 with 
acetic acid. Following elution of surface-bound (acid dissociable) radioactivity, 
cells were solubilized in 0.5 M NaOH to determine the internalized (acid 
resistant) radioactivity. Data are the meanS±SD from representative 
experiments. 

TNF 

IFN-y 

30 min (cpm) 

SURFACE INTERNALIZED 

274±50 

3873±666 

322±12 

3983±199 

--- ----_ .... _ .. -. 

120 min (cpm) 

SURFACE INTERNALIZED 

201±23 

1363±157 

1059±87 

6707±134 
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Characteristics of TNF and IFN·'Y receptors In human 

pancreatic carcinoma cells. All the cell lines specifically bound-labeled 

rhTNF and rhIFN-'Yat 4°C, with maximal binding for both labeled cytokines 

occurring between 4 to 6 hours depending on the cell line (data not shown). To 

determine the number of binding sites per cell and the affinity of each cytokine 

for its respective receptor, binding studies with increasing concentrations of 

1251-labeled ligands were next carried out at 4°C for either 4 or 6 hours, to 

allow for maximal ligand binding. Scatchard analysis of the equilibrium binding 

data obtained with 1251-rhTNF revealed the presence of a single order of high 

affinity binding sites (Kd = 0.86-2.0x1 0-1 0 M) for all five pancreatic cancer cell 

lines, and 490 to 8,610 binding sites/cell (Table 4; representative plot, MIA 

PaCa-2 Cells, Fig. 4A). Scatchard analysis of the equilibrium binding data 

obtained with 1251-rhIFN-'Y fit on curvilinear plots, suggesting that high and low 

affinity components existed for the 1251-rhIFN-'Y binding sites. However, the low 

affinity component of the curvilinear plot was due to binding at high ligand 

concentrations of 1251-rhIFN-'Y, and was characterized by the LIGAND program 

as representing nonspecific binding. This effect was also evident by the relative 

linearity of the saturation plot for 1251-rhIFN-'Y at high ligand concentrations 

(Inset, Fig. 48). Similar binding data for IFN-'Y depicting spurious low affinity 

binding sites have been described by other investigators (132,134). LIGAND 

analysis of the 1251-rhIFN-'Y binding data was therefore carried out with the 

assumption that a single order of binding sites was present in the pancreatic 

cancer cells. This analysis revealed the presence of high affinity binding sites 

for 1251-rhIFN-'Y (Kd = 2.0-6.4x1 0-11 M) in all five cell lines, and 2,050 to 6,280 

binding sites/cell (Table 4; representative plot, MIA PaCa-2 Cells, Fig. 48). 

----'--~=--'-'--------.- - .'-' - .... -- - . 
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Figure 4. Scatchard analysis of 1251-rhTNF and 1251-rhIFN-Yblndlng to MIA 
PaCa-2 cells. A. 125'-rhTNF. B. 125'-rh'FN-Y. Cells were Incubated with Increasing 
concentrations of the respective 125,-labeled cytokine under eqUilibrium conditions (4°C) as 
described in Materia's and Methods. Data are from a representative (of 3) experiment, as analyzed 
using the LIGAND computer program. 'nsets are saturation plots of the same data. 
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TABLE 4 

Binding characteristics of 1251-rhTNF AND 1251-rhIFN-y In human 
pancreatic carcinoma cells. 

TNF BINDING SITES IFN-y BINDING SITES 

CELL LINE #/CELL Kd (Xl 0-1 ,OM} #/CELL Kd (Xl0-ll Ml 

ASPC-l 480 0.92 6,280 3.64 

COLO ~57 1,080 1.16 3,850 6.41 

MIA PaCa-2 8,610 0.86 2,050 2.60 

PANC-l 1,830 2.00 2,280 2.04 

T3M4 1,230 1.21 3,470 5.53 

Binding was carried out with increasing concentrations of 1251_ 
labeled ligand under equilibrium conditions (4°C) as described in Materials and 
Methods. Data are the means of 3 separate experiments for each cell line and 
for each cytokine, as analyzed by the method of Scatchard using the LIGAND 
program. 

------~ -~~-.. - .. --.--- --.. -~-.. -
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DISCUSSION 

Human pancreatic tumor cell lines demonstrate a variable sensitivity to 

the effects of recombinant TNF and IFN-y. After a 48 hour incubation, three of 

five cell lines examined (MIA PaCa-2, T3M4, and ASPC-1) were sensitive to the 

inhibitory effects of either TNF or IFN-y (greater than 30% growth inhibition). 

Concomitant treatment with both TNF and IFN-y resulted in synergistic 

antiproliferative effects in ASPC-1 and COLO 357 cells, but not in MIA PaCa-2 

and T3M4 cells. In contrast, PANC-1 cells were relatively insensitive to either 

single or combined treatment with TNF or IFN-y (less than 20% growth 

inhibition). These data support the findings of Schmiegal et. al. who also 

demonstrated that human pancreatic cancer cell lines exhibited varied 

sensitivity to TNF and IFN-y, and that a subset of the cell lines were sensitive to 

the synergistic effects of these cytokines (139). 

The actions of TNF and IFN-y in ASPC-1 and COLO 357 cells were 

completely neutralized by polyclonal antisera specific for the respective 

cytokines, indicating that the observed effects were not due to the release of 

non-specific cytotoxins by the cells. Delaying the addition of either antiserum 

resulted in a progressive increase in the cytotoxic effects of the cytokines (Fig. 

3). A short term exposure (4 hours) to both TNF and IFN-y was sufficient to 

induce an irreversible cytotoxic effect in at least a portion of these cells. 

However, pretreatment of ASPC-1 and COLO 357 cells for 24 hours with either 

TNF or IFN-y followed by single treatment with the reciprocal cytokine did not 

significantly enhance growth inhibition by comparison to the effects observed in 

the absence of pretreatment (Fig. 2). These observations suggest that the . 

------------- ------ ---.---.--
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synergistic effects of the cytokines during short-term incubations required the 

continuous presence of both TNF and IFN-y. 

It is generally accepted that the first step in the initiation of the actions of a 

particular cytokine is dependent on its binding to a specific cell surface receptor. 

Specific receptors for TNF and IFN-y have been demonstrated in a variety of 

normal and transformed cells (21, 81-8S). My findings are the first to document 

the presence of specific high affinity receptors for both TNF and IFN-yon human 

pancreatic carcinoma cells. The TNF receptors in these cells had a Kd on the 

order of O.S to 2x10-10 M, which is consistent with the values (1-3x10-10 M) 

reported for various other cells (81,82). The number of TNF receptors per cell 

for the five cell lines studied ranged from 480 to 8,600. The largest number of 

TNF receptors (8,600) and the greatest amount of cell associated 12SI-rhTNF 

radioactivity at 37°C was seen in MIA PaCa-2 cells. This cell line was also the 

most sensitive among the cell lines studied to the growth inhibitory effects of 

TNF. All the other cell lines had low numbers of TNF receptors «1,800), and 

low amounts of cell associated 12SI-rhTNF radioactivity at 37°C. These cell 

lines either failed to respond (PANe-I) or exhibited an attenuated sensitivity 

«2S% inhibition) to the cytostatic/cytotoxic effects of TNF. Therefore, pancreatic 

tumor cells that have high numbers of TNF receptors may be more susceptible 

to the growth inhibitory effects of this cytokine. 

The Kd for IFN-y receptors in the pancreatic carcinoma cells were 

calculated according to a one site model, with the assumption that the apparent 

low affinity site was due to an underestimation of non-specific binding at high 

ligand concentrations (132,133). This analysis yielded Kd's on the order of 2.0 

to 6.4x10-11 M and 2,OSO to 6,280 receptors per cell for the five cell lines. 

---_._- --------.--- -_ .. _--.. -
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These Kci's are in general agreement with those that have been previously 

reported for IFN-y in a variety of other cells (84,132,133,140). In contrast to 

TNF, there did not appear to be a good correlation between either the number 

of IFN-y receptors per cell or the level of cell associated 125'-rhIFN-y 

radioactivity at 37°C and the sensitivity of a particular cell line to the growth 

inhibitory actions of IFN-y. Studies with IFN-y in other cell systems suggest that, 

in general, there is not a direct correlation between the level of IFN-y receptor 

expression and the sensitivity of a particular cell line to the actions of this 

cytokine (86,142). 

The TNF and IFN-y ligand/receptor interactions in COLO 357 cells 

appeared to follow the typical peptide hormone receptor pathway (101). Upon 

interaction at 37°C with their respective cell surface receptors, both 1251-rhTNF 

and 125'-rhIFN-y were internalized by COLO 357 cells into an acid-resistant 

compartment (Table 3). Further, both ligands appeared to be internalized as 

ligand/receptor complexes as suggested by the decrease in cell surface 

radioactivity (a measure of available binding sites) at the 120 minute time point. 

Internalization of TNF and IFN-y has been documented in other cell systems 

(132,143). 

The mechanisms that govern the inhibitory effects eliCited by either IFN-'Y 

or TNF, and the molecular pathways that allow these cytokines to exert 

synergistic effects are poorly understood. The presence of specific cell surface 

receptors appears to be necessary but not sufficient to govern the biological 

response of a cell to these cytokines. Recent evidence suggests that post

receptor events are important in determining the sensitivity of a cell to the 

cytostatic/cytotoxic effects of these cytokines. The growth inhibitory activity of 

-_.---_ ... _- -_._-- --.--... - .. --
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IFN-y on both normal and transformed cells may be related to the induction of 

indoleamine 2,3 dioxygenase, a tryptophan degradation enzyme. Activation of 

this enzyme in some cells causes depletion of tryptophan in the culture medium, 

which may lead to growth arrest (78,79). The cytotoxic effects of TNF on cells 

have been associated with the generation of toxic intracellular products. which 

may include oxygen radicals (18,19). Therefore, the differential response of 

pancreatic tumor cells may relate to the ability of these cells to efficiently 

scavenge such toxic products and/or to repair cellular damage elicited by these 

cytokines. Further, the enhanced sensitivity of ASPC-1 and COLO 357 cells to 

the synergistic effects of both cytokines may reflect an enhanced sensitivity to 

the concomitant activation of the indoleamine 2,3 dioxygenase pathway, the 

oxygen radical pathway, and/or a blockade of protective proteins and 

scavenging mechanisms. It is also possible that TNF and IFN-y receptor 

modulation may contribute to these post-receptor mechanisms. 

These results demonstrate that cultured human pancreatic carcinoma 

cells have specific binding sites for both TNF and IFN-y. and exhibit differential 

sensitivities to the inhibitory effects of these cytokines in vitro. I also observed 

a synergistic effect of TNF and IFN-y in two of the cell lines studied. Taken 

together, these observations raise the possibility that combined cytokine 

therapy may be of some use in certain pancreatic malignancies. and indicate' 

that further studies are necessary to explore this possibility and to elucidate the 

mechanisms underlying this synergistic interaction. 

--.----.------~-.. --.-.- .. -.-.--. 
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SUMMARY 

The long-term cytostatic/cytotoxic effects of recombinant human tumor 

necrosis factor alpha (rhTNF) and gamma interferon (rhIFN-'Y) were studied in 

five human pancreatic carcinoma cell lines. The pancreatic tumor cell lines 

were heterogeneous in their response to the illdividual cytokines. During a 7 

day incubation MIA PaCa-2 cells were more sensitive to rhTNF than to rhIFN-'Y, 

whereas ASPC-1, T3M4, and COLO 357, cells were more sensitive to rhIFN-'Y 

than to rhTNF. PANC-1 cells were relatively insensitive to both cytokines. 

During 48 hour incubations, rhTNF and rhIFN-'Y exerted synergistic cytotoxic 

effects in ASPC-1 and COLO 357 cells (pg. 43). In contrast, 7 day treatments 

with both rhTNF and rhIFN-'Y did not produce synergistic effects in any of the cell 

lines. However, a 24 hour treatment with rhIFN-'Y followed by removal of the 

cytokine, markedly increased the long term cytostatic/cytotoxic effects in ASPC-

1, COLO 357, and T3M4 cells. A similar pretreatment with rhTNF did not 

increase the long term cytostatic/cytotoxic effects of rhIFN-'Y in any of the cell 

lines. These data suggest that in some human pancreatic carcinoma cell lines 

rhIFN-'Y may be especially useful in the long-term suppression of growth. 

Further, brief pulses of rhIFN-'Y may also be especially efficacious when 

followed by a subsequent prolonged exposure of cells to rhTNF. 

-------.------ ---.. - --.-. 



59 

INTRODUCTION 

Several groups have reported that recombinant TNF (rhTNF) and 

recombinant IFN-y (rhIFN-Y) exert differential cytostatic/cytotoxic effects in a 

variety of human carcinoma cell lines (6,7) during short-term (24-72 hour) 

incubations. I have now extended these findings to include human pancreatic 

carcinoma cell lines (pg. 43; ref. 139,144). I also have identified and 

characterized the presence of high affinity binding sites for both cytokines in 5 

individual cultured human pancreatic carcinoma cell lines (ASPC-1, COLO 

357, MIA PaCa-2, PANC-1, and T3M4) (pg. 52, ref. 144). Further, the 

differential cytostatic/cytotoxic effects of TNF and IFN-y in these cell lines are not 

due to differences in receptor numbers (pg. 43,52, ref. 144). 

The purpose of this study was to assess the cytostatic/cytotoxic effects of 

TNF and IFN-'Y, alone and in combination, during prolonged exposure of human 

pancreatiC carcinoma cells to these agents. The effect of rhlFN-y on the 

induction of HLA-OR antigen expression, which may playa role in tumor cell 

recognition during an in vivo immune response (145), was also addressed. 

now report that rhlFN-y exerts potent cytotoxic effects in certain pancreatic 

cancer cells during prolonged incubations, and that brief exposures of most of 

these cells with rhlFN-y enhances their susceptibility to the long term actions of 

rhTNF. Further, rhIFN-'Y induces HLA-OR expression in a subset of these 

pancreatic tumor cell lines. These observations suggest that rhIFN-'Y may be 

especially useful in the inhibition of pancreatic cancer cell growth. These 

findings also support the concept that post-receptor events are important in 

governing the biological response of a cell to TNF and IFN-y. 

-_. __ . __ ._- .--._. -------
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MATERIALS AND METHODS 

Cell culture. ASPC-1, MIA PaCa-2, PANC-1, COLO 357 , and T3M4 

human pancreatic carcinoma cells, and C8161 melanoma cells, were cultured 

as described (pg. 36). 

Reagents. Recombinant cytokines used were the same as described 

(pg. 36). IgG fluorescein-conjugate antibody specific for human HLA-DR 

antigens was purchased from Becton Dickinson (Mountain View, .CA). 

Growth Inhibition assay. Cells were seeded at 10,000 cells/well, 

and allowed to adhere for at least 6 hours. The tissue culture medium 

subsequently was aspirated and replaced with fresh medium containing 250 

U/ml of the indicated cytokine(s}. After 4 days, the medium was aspirated and 

replaced with fresh medium containing the respective cytokine(s}. After 7 days 

the MTT growth inhibition assay was performed as described (pg. 37). 

Induction of HLA-DR antigens. Induction of HLA-DR antigens on 

pancreatic carcinoma cells and C8161 melanoma cells was carried out by 

incubating the cells for 48 hours with 250 U/ml (12.5 ng/ml) of rhIFN-'Y. HLA-DR 

expression was determined by staining the cells with a fluorescein-conjugated 

monoclonal anti-human HLA-DR antibody or with a control f1uorescein

conjugated anti-mouse IgG antibody. Labeled cells were analyzed on a 

Fluorescence Activated Cell Sorter (FACSTAR, Becton Dickinson, Mtn. View, 

CA). The percentage of HLA-DR positive cells was determined using a Hewlett

Packard 9000 series computer and Consort 30 software (Becton DiCkinson). 

--._----------_.- -.- - "'--'._,' ...... -



Visual inspection of labeled cells was also carried out using fluorescence 

microscopy. 
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Statistical analysis. Statistical analysis of cytotoxicity data was 

carried out using analysis of variance (AN OVA) and two-tailed Student's t tests, 

using the STAT VIEW computer program . 

... .. _-._ .... __ ... - -------------------"_.- .... --
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RESULTS 

Long term growth Inhibitory effects of rhTNF and rhIFN-y. 

previously had shown that some human pancreatic carcinoma cell lines 

respond to the growth inhibitory effects of rhTNF and rhlFN-y in short-term (48 

hour) incubations (pg. 43; ref. 144). Most of these cell lines were maximally 

inhibited by a concentration of 250 U/ml of either rhTNF or rhlFN-y (pg. 43). 

Therefore, in the present study, I have examined the effects of prolonged 

incubation of these five tumor cell lines with 250 U/ml of either rhTNF or rhlFN-y 

(Table 5). Following a 7 day incubation period MIA PaCa-2 cells demonstrated 

a 58% decrease in growth in the presence of rhTNF (250 U/ml) and 42% 

decrease in growth in the presence of rhlFN-y (250 U/ml). T3M4 cells exhibited 

a 23% decrease in growth following rhTNF treatment (250 U/ml) and a 62% 

decrease in growth following rhIFN-ytreatment. PANC-1 cells were relatively 

insensitive to rhTNF and rhIFN-y, exhibiting only 9% and 14% decreases in 

growth respectively. The relative sensitivity and magnitude of response of these 

three cell lines to single cytokine treatment was similar to that reported after a 

48 hr incubation period (pg. 43). 

The inhibitory effects of rhTNF and rhlFN-y (250 U/ml) after a 7 day 

incubation were 33% and 64%, respectively, in ASPC-1 cells, and 45% and 

67%, respectively, in COLO 357 cells (Table 5). In contrast, the corresponding 

values after a 48 hour incubation with rhTNF and rhlFN-y were 25% and 38%, 

respectively, in ASPC-1 cells, and 12% and 26%, respectively, in COLO 357 

cells (pg. 43). In the case of both ASPC-1 and COLO 357 cells, the prolonged 

incubation period with rhlFN-y was also associated with marked cytotoxic 

effects, as evidenced by a large increase in cell detachment and a loss of ability 
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to exclude trypan blue dye. Thus, the sensitivity of ASPC-1 and COLO 357 

cells to the cytostatic/cytotoxic effects of the cytokines over a 7 day incubation 

were greatly enhanced by comparison to that seen after a 48 hour incubation 

(pg.43). 

Effects of pretreatment and combined treatment on long term 

cytotoxicity. Combined treatment with rhTNF and rhlFN-y for 7 days resulted 

in slightly enhanced cytotoxic effects over that seen with rhTNF treatment alone 

in MIA PaCa-2 and PANC-1 cells (Table 5). Combined treatment also resulted 

in slightly enhanced cytotoxic effects over that produced by rhlFN-y treatment in 

ASPC-1, COLO 357, and T3M4 cells (Table 5). However, the increases in 

cytotoxicity produced by combined treatment were not statistically different from 

the greatest cytotoxic effect produced by a single cytokine. Pretreatment (24 hr) 

of cells with rhTNF did not increase the long term cytotoxic effects of rhlFN-y in 

any of the cell lines. In contrast, pretreatment (24 hr) with rhlFN-y significantly 

increased the long term cytotoxic effects of rhTNF in ASPC-1, COLO 357, and 

T3M4 cells (p<0.05). 

HLA-DR antigen Induction. IFN-y induces HLA-OR antigen 

expression in a variety of normal and cancerous cells, including normal 

pancreas exocrine cells (145,146). The human pancreatic carcinoma cell lines 

used in this study are exocrine in origin. Therefore, I sought to determine the 

responsiveness of these cells to the induction of HLA-OR antigens by rhIFN-y. 

Of the five pancreatic cell lines tested, all initially HLA-OR negative, only COLO 

357 and T3M4 cells responded to the induction of HLA-OR antigens by rhIFN-y. 

The percentage of HLA-OR positive cells following a 48 hour treatment with 250 

U/ml of rhlFN-y was 41 % for COLO 357 cells (Fig. 5A) and 85% for T3M4 cells 

------ .... ---... - ... -



(Fig. 58). As a positive control I included the melanoma cell line C8161 

inasmuch as many melanoma cell lines are responsive to HLA-OR antigen 

induction by IFN-y (134). The inductive response to rhlFN-y in C8161 

melanoma cells was 86% (Fig. 5C). 

---------------- --- --------------- --------- -- --
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TABLE 5 

Long term growth Inhibitory effects of rhTNF and rhlFN-y In human 
pancreatic carcinoma cells. 10,000 cells/well in 96 well plates were 
incubated for 7 days with or without 250 U/ml of rhTNF, 250 U/ml rhlFN-y, or 
250 U/ml each of rhTNF and rhIFN-y. During the fourth day of incubation, 
medium was aspirated and replaced with fresh medium containing the 
indicated cytokine. For all pretreatment experiments, cells were incubated for 
24 hours with 250 U/ml of either rhTNF or rhlFN-y, washed with complete 
medium, and further incubated for 7 days with 250 U/ml of the indicated 
cytokine. 

O{Q CYTOTQ~IQ[I:ya 

QJ;LL LI~J; lllE ~y I~E±IE~-Y g[e-I~EI IE~-Y g[e-IE~-Y..:lliE 

ASPC-1 33±3b 64±3 65±1 59±3 62±2 

COLO 357 45±2b 67±6 75±4 65±4 67±5 

MIA PaCa-2 58±2 42±5b 65±3 39±3b 69±5 

PANC-1 9±4 14±4 24±6 9±3 17±4 

T3M4 23±2b 62±4 74±6 61±5 56±7 
------------------------------------------------------------------------------------------------------------
a Data are the means±SEM of 3 experiments with each experiment containing 
at least triplicate determinations. All cytokine treatments produced statistically 
significant cytotoxicity as compared to control (p<0.05), except TNF, IFN-y, and 
Pre-TNF, IFN-ytreatments in PANC-1 cells as determined by Student's t tests. 

b Statistically different from all other treatments within a given cell line (p<0.05) 
as determined by ANOV A. Treatments with the same superscript within a given 
cell line are not statistically different from each other. 

--- ------ -----------
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Figure 5. Flow cytometrlc analysis of IFN·y·lnduced modulation of HLA·DR 
expression. A. COLO 357: B. T3M4: C. C8161 cells. 10,000 cells were analyzed for HLA-OR 
expression as described in Materials and Methods. Untreated control cells labeled with 
fluorescein-conjugate anti-HLA-OR antibody are indicated by the peaks of lower fluorescent 
intensity in each panel. Cells treated for 48 hours with 250 U/ml of rhlFN-yprior to labeling are 
indicated by the peaks of higher fluorescent intensity. 
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DISCUSSION 

In the present study I have determined that a 7 day incubation with either 

rhTNF or rhIFN-Y resulted in potent cytotoxic effects in four of five human 

pancreatic carcinoma cell lines. By comparison to the short-term, 48 hour, 

cytostatic/cytotoxic effects of these cytokines (pg. 43), 7 day incubations resulted 

in similar relative inhibitory effects in MIA PaCa-2 cells (TNF sensitive), T3M4 

cells (IFN-ysensitive) and PANC-1 cells (insensitive to either cytokine). 

However, the extended incubation period altered the relative sensitivity of 

ASPC-1 and COLO 357 cells (Table 1). In contrast to the synergistic effects of 

rhTNF and rhlFN-y in both cell lines during 48 hour incubations (pg. 43), 

prolonged incubation of both cell lines with IFN-y alone resulted in marked 

cytotoxicity that was not increased by TNF. The long term effects of IFN-y in 

ASPC-1 and COLO 357 cells also were characterized by enhanced cell 

detachment and cell lysis. Further, in the present study, pretreatment with 

rhlFN-yexerted a potent priming effect on the long-term actions of rhTNF, 

markedly enhancing cytotoxicity in 3 of the 5 cell lines tested. Taken together, 

these observations suggest that IFN-yalone or in combination with TNF may be 

especially useful in the long-term growth suppression of certain human 

pancreatic carcinoma cells. 

The mechanisms that govern the inhibitory effects elicited by TNF and 

IFN-yare poorly understood. Although the presence of TNF and IFN-y 

receptors is necessary to elicit a biological response, the number of receptors 

for either cytokine does not correlate with the relative sensitivity of pancreatic 

cancer cells to these cytokines (pg. 43,52, ref. 144). It is possible that the 

enhanced sensitivity of ASPC-1 and COLO 357 cells to the long term inhibitory 

------- ------ ----------- --------- --
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effects of IFN-y may reflect an enhanced induction of indoleamine 2,3 

dioxygenase, a tryptophan degradation enzyme, and subsequent depletion of 

tryptophan during prolonged incubations (78,79). The mechanisms by which 

IFN-y enhances long-term TNF cytotoxicity are also unclear. IFN-y may interfere 

with the ability of these cells to elicit protective mechanisms against intracellular 

damage caused by TNF (10, 15). Since the maximal effect attained with either 

cytokine was at the most 75% cytotoxicity, it is possible that there are 

subpopulations of cells within each cell line that retain mechanisms of 

resistance to the cytotoxic action of these cytokines. 

An important biological action of IFN-y which may be related to tumor 

immunity and "self, non-self" recognition is the induction of HLA-OR antigens 

(145). The human pancreatic carcinoma cell lines used in this study also 

exhibited a differential response to the induction of HLA-OR antigens by IFN-y. 

Of the five cell lines studied (all initially HLA-OR negative) only COLO 357 and 

T3M4 cells responded to induction of these antigens by IFN-y (Fig. 5). 

Inasmuch as all five cell lines used in the present study have specific high 

affinity receptors for IFN-y (pg. 52, ref. 144), it may be concluded that the 

presence of these receptors on pancreatic tumor cells does not assure a 

response to this effect. Further, our data also suggest that the cytotoxic effect of 

IFN-yare not directly correlated with its ability to induce HLA-OR antigen 

expression (141,142). Thus, ASPC-1 cells were very sensitive to the long-term 

cytotoxiC effects of IFN-y, but did not express HLA-OR antigens in response to 

IFN-y. Normal differentiated pancreatic exocrine cells are HLA-OR inducible by 

IFN-y (146). Therefore, it is possible that the inability of some pancreatic 

carcinoma cells to express HLA-OR antigens upon exposure to IFN-y may relate 

----------------_._-----_.-_.- --. 
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to their undifferentiated state and possibly to their ability to escape from immune 

surveillance in vivo. 

These results confirm that cultured human pancreatic carcinoma cells 

exhibit differential sensitivities to the actions of TNF and IFN-'Y, and demonstrate 

that prolonged incubation with the cytokines results in potent cytotoxic effects in 

most of these cells. 
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CHAPTER FIVE 

RECIPROCAL UPREGULATION OF GAMMA INTERFERON 'AND 

TUMOR NECROSIS FACTOR' RECEPTORS IN A HUMAN 

COLORECTAL CARCINOMA CELL LINE 
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SUMMARY 

WiDR co 10 rectal carcinoma cells are highly sensitive to the synergistic 

cytotoxic effects of tumor necrosis factor (TNF) and gamma interferon (IFN-Y). In 

the present study, I have investigated the effects of recombinant human (rh) TNF 

and rhlFN-y on the binding of both ligands in this cell line. WiDR cells exhibited 

high affinity binding sites for both 1251-rhTNF (1<d=1.66x1 0-1 0 M, 920 sites/cell) 

and 1251-rhIFN-y (Kd=4.15x1 0-1 0 M, 18,960 sites/cell). Preincubation of the 

cells with rhTNF (24 hrs) increased cell-associated 1251-rhIFN-y radioactivity by 

129% when binding was carried out at 37°C, as a result of an increase in both 

surface bound and internalized 1251-rhIFN-y. However, rhTNF did not alter the 

degradation profile of released 1251-rhIFN-y radioactivity. Scatchard analysis of 

1251-rhIFN-y binding data (4°C) revealed that rhTNF induced a 245% increase 

in 1251-rhIFN-y binding sites. Conversely, rhlFN-y caused a 68% increase in 

1251-rhTNF binding sites and a 58% increase in receptor affinity. rhlFN-yalso 

increased the subsequent binding of 1251-rhIFN-y, whereas rhTNF increased 

the subsequent binding of 1251-rhTNF. Furthermore, preincubation of the cells 

with both rhTNF and rhlFN-yalso resulted in an increase in the binding of both 

ligands. Actinomycin 0 and cycloheximide blocked a" the effects of rhTNF and 

rhlFN-yon ligand binding. However, the basal level of 1251-rhIFN-y binding 

was insensitive to either inhibitor, whereas the basal level of 1251-rhTNF 

binding was decreased by both inhibitors. These data indicate that in some 

cell types TNF and IFN-y may induce an increase in their own receptors 

(homologous upregulation) and concomitantly increase each other's receptors 

(heterologous upregulation) and that these actions are due, in part, to 

enhanced receptor synthesis. 

~-~ ~~~-- ~- - ~~- ~------- -- ----- - --- -- -
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INTRODUCTION 

Tumor necrosis factor (TNF) is a pleiotropiC cytokine that has 

antiproliferative and/or cytotoxic effects in a variety of transformed cells in vitro 

(6,7). The cytostatic/cytotoxic effects of TNF can be enhanced by gamma 

interferon (IFN-'Y). a cytokine with immunomodulating properties that also , 

inhibits cell proliferation (77). IFN-'Y may increase TNF binding in some cells 

that are sensitive to their synergistic effects (87- 90). However, it has been 

proposed that the synergistic effects of TNF arid IFN-'Yare more likely due to 

post receptor events that prevent the cell from eliciting protective and/or repair 

mechanisms (10,15). 

It is not known whether TNF may regulate IFN-'Y binding. Thus. the 

possibility that upregulation of both TNF and IFN-'Y binding may occur in cells 

that are sensitive to the synergistic effects of TNF and IFN-'Y has not been 

addressed. In the present study, I examined the effects of rhTNF and rhIFN-'Yon 

the binding of both ligands in WiDR human colorectal carcinoma cells. a cell 

line that is markedly sensitive to the synergistic cytotoxic effects of TNF and 

IFN-'Y. I now report that rhTNF increases rhTNF and rhIFN-'Y binding, whereas 

rhIFN-'Y increases rhIFN-'Yand rhTNF binding in WiDR cells. Furthermore. when 

the cells are incubated with both rhTNF and rhIFN-'Y. the binding of both 

cytokines is increased. These findings indicate that in WiDR carcinoma cells 

there is homologous as well as reciprocal heterologous upregulation of TNF 

and IFN-'Y receptors. 

------------- .-- '.'-



73 

MATERIALS AND METHODS 

Cell culture. WiOR cells were obtained from the American Type 

Culture Collection. The cells were routinely propagated in monolayer culture in 

a humidified incubator at 37°C in a 5% C02/95% air atmosphere. Cells were 

grown in Oulbecco's modified Eagle's medium supplemented with 10% heat

inactivated FBS (Hyclone Inc., Logan, Utah), 50 U/ml penicillin and 50 ug/ml 

streptomycin (Irvine Scientific, Santa Ana, CA), hereafter termed as complete 

medium. 

Reagents. The following were purchased: Actinomycin 0, 

cycloheximide were from Sigma Chemical Co. (St. Louis, MO). Recombinant 

cytokines were obtained from Genentech. The specific activity rhTNF and 

rhlFN-y used in these experiments were 4.6-5.02x107 U/mg and 2-2.5x107 

U/mg, respectively. 

Growth Inhibition assay. Cytostatic/cytotoxic effects of rhTNF and 

rhlFN-ywere determined by using MIT as described (pg. 36). 

Binding experiments. Biologically active 1251-rhTNF and 1251_ 

rhlFN-y were prepared with iodogen, as described (pg. 38). The specific activity 

of both 1251-labeled rhTNF and rhlFN-y cytokines ranged from 40,000 to 

55,000 cpm/ng. 

Binding experiments were carried out in 12 or 24 well plates that were 

seeded with 5x105 and 3x105 cells/well, respectively. Cell monolayers were 

washed with complete medium and incubated for the indicated times with 

binding medium (complete medium supplemented with 20 mM HEPES, pH 7.4) 

.--.. -~- .. -.~-- .. ------ ----- -- •.. -. 
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in the presence of the respective radiolabeled cytokine. Binding was 

terminated by washing the cells 4x at 4°C with Hank's balanced salt solution 

(HBSS) containing 0.1 % BSA. Cells were then solubilized in O.S M NaOH, and 

cell-associated radioactivity was measured using a gamma counter. Non

specific binding was determined in the presence of a 200-S00 fold excess of the 

respective unlabeled cytokine, and was never greater than 20% of total binding. 

Unless otherwise specified. all data are provided as specific binding. which was 

calculated by subtracting non-specific binding from total binding. 

In preliminary experiments. I determined that at 4°C maximal binding of 

12SI-rhTNF and 12SI-rhIFN-y occurred at 4 and 6 hours. respectively in WiDR 

cells. Therefore. to determine receptor number and affinity. cells were 

incubated with ligand at 4°C for 4 hours (12SI-rhTNF) or 6 hours (12SI-rhIFN-y). 

TNF binding characteristics were determined by incubating cells with increasing 

concentrations of 12SI-rhTNF. IFN-y binding characteristics were determined by 

incubating cells initially with increasing amounts of 12SI-rhIFN-y. However. in 

view of a marked increase in non-specific binding at high ligand concentrations. 

and an apparent absence of saturability. binding also was performed with 

increasing amounts of unlabeled rhlFN-y in the presence of 100.000 cpm of 

12SI-rhIFN-y (2 ng/ml). All binding data were analyzed by the method of 

Scatchard (135) using the LIGAND computer program (136). as described (pg. 

39). 

Internalization of 1251-rhIFN-ywas monitored as described (pg. 40). To 

monitor 12SI-rhIFN-y degradation. 1 x1 06 cells were seeded in 6 well plates. 

allowed to adhere. and incubated for 30 minutes at 37°C with 200.000 cpm/ml 

of 1251-rhIFN-y. Cells were then washed 2x with complete medium and 

-~~ -.-~-... -~-.- .. ----- --------,. 
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incubated in fresh medium devoid of radioactivity and containing 250 ng/ml of 

unlabeled rhlFN-y to prevent the rebinding of released radioactivity. Medium 

was collected 10 and 180 minutes later, and analyzed by Sephadex G-25 

column chromatography. 

To assess 1251-rhTNF and 1251-rhIFN-y binding following homologous 

cytokine treatment, cells were incubated for 6 hours at 37°C in the absence or 

presence of the unlabeled cytokines. All subsequent incubations were 

performed at 4°C. Cells were washed once with HBSS/0.1% BSA, and 

incubated for 5 minutes in the presence of 135 mM NaCl, 5 mM KCI, and 5 mM 

CH3COOH (pH 2.5). This procedure resulted in the removal of surface bound 

unlabeled rhTNF or rhlFN-y without altering the subsequent binding of either 

labeled cytokine. Cells were then washed with binding medium, and incubated 

for 6 hours with 200,000 cpm/ml of either 1251-rhTNF or 1251-rhIFN-y. 

Incubations were terminated and radioactivity determined as described above. 

In some experiments, cells were incubated in the absence or presence of 

actinomycin 0 (1 ug/ml) or cycloheximide (10 ug/ml) in order to determine the 

effects of RNA and protein synthesis inhibition on binding. In WiDR cells, 1 

ug/ml of actinomycin 0 inhibited the incorporation of 3H-uridine by 78%, 

whereas 10 ug/ml of cycloheximide" inhibited the incorporation of 3H

phenylalanine by 90%. Under the above experimental conditions, neither 

inhibitor altered cellular viability as determined by cell count and trypan blue 

exclusion, irrespective of the presence or absence of either cytokine. 

Statistical analysis. Statistical analyses of binding data were carried 

out using analysis of variance (AN OVA) and Student's t test on a Macintosh 

computer using the StatView 512 computer program. Cellular viability data was 



analyzed by a dose-effect analysis computer program which enables 

determination of antagonistic. additive. or synergistic effects of multipl~ drug 

treatments (138). 
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RESULTS 

Effects of rhTNF and rhlFN-y on cellular viability. The growth 

inhibitory effects of rhTNF and rhlFN-y in WiDR cells are shown in Figure 6. 

rhTNF. at a concentration of 1.000 U/ml. did not significantly alter cell growth. 

rhIFN-y. at a concentration of 500 U/ml. inhibited cell growth by 31% (p<0.005). 

In contrast. concomitant incubation of WiDR cells with 100 U/ml of rhTNF and 

100 U/ml of rhlFN-y inhibited cell growth by 71 % (p<O.002). This effect was also 

associated with marked cytotoxicity. as determined by the appearance of 

numerous detached cells that did not exclude trypan blue. Higher 

concentrations of the combination of the cytokines (500 U/ml) did not cause a 

further increase in cytotoxicity. Analysis of data obtained with various doses of 

the two cytokines in a constant ratio of 10 to 1 of rhTNF to rhlFN-y or 10 to 1 of 

rhlFN-y to rhTNF (138). revealed that the effects of the two cytokines were 

synergistic (data not shown). 

Effects of rhTNF on the binding of 1251-labeled rhIFN-y. Wi 0 R 

cells readily bound and internalized 1251-rhIFN-yat 37°C (Fig. 7). Maximal cell

surface binding occurred at 15 to 30 min. and declined slightly thereafter (Fig. 

7). In contrast. the amount of 1251-rhIFN-y radioactivity in the acid-resistant 

compartment. taken to represent internalized ligand. increased continuously till 

120 min and then remained relatively level (Fig. 7). Treatment of the cells with 

rhTNF caused an increase in 1251-rhIFN-yradioactivity in both the cell surface 

and intracellular compartments. with maximal cell-surface binding occurring at 

30 min. while the amount in the intracellular compartment continued to increase 

throughout the 180 min of the experiment (Fig. 7). 
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Figure 6. Growth Inhibitory effects of rhTNF and rhIFN-'Y In WIDR cells. 25,000 
cells were incubated for 48 hrs with various concentrations or rhTNF (open triangles), rhIFN-'Y 
(open squares), or rhTNF+rhIFN-'Y (closed squares) in a 1 to 1 ratio of each. Growth inhibitory 
effects were determined by the MIT assay. Data are the means±SEM of 3 experiments. 
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Figure 7. Effects of rhTNF on surface bound and Internalized 1251-rhIFN-Y 
radioactivity In WIDR cells. Sx10S cells were seeded in 12 well plates and incubated for 24 
hrs in the absence (dashed lines, open symbols) presence (solid lines, symbols) of 2S0 U/ml of 
rhTNF. Cells were washed and incubated at 37°C with 200,000 cpmlml of 12SI-rhIFN-Y. Surface 
bound radioactivity (triangles) was determined by elution into pH 2.S buffer. Cells were then 
solubilized in O.S N. NaOH in order to determine internalized radioactivity (squares). Data are the 
means±SEM of 3 experiments. 
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At a concel1tration of 250 U/ml. rhTNF significantly increased 1251_ 

rhlFN-y cell-associated radioactivity within 2 hours. and this effect was maximal 

at 6 hours (Fig. 8A). A significant increase in 1251-rhIFN-y cell-associated 

radioactivity occurred at a concentration of 1 U/ml of rhTNF. one half maximal 

stimulation at 10 U/ml. and maximal stimulation at 100 to 250 U/ml (Fig. 88). To 

monitor 1251-rhIFN-y degradation. pulse-chase experiments were next carried 

out. Following either a 10 minute or a 180 min chase. the majority of the 

radioactivity co-migrated with authentic 1251-rhIFN-y. irrespective of the 

presence or absence of unlabeled rhTNF (Fig. 9). Therefore. the increase in the 

cell-associated radioactivity mediated by rhTNF was not due to attenuated 

ligand degradation. 

Inhibition of the TNF-mediated Increase In 1251-rhIFN-y 

binding by RNA and protein synthesis Inhibitors. To determine 

whether the rhTNF-mediated increase in 1251-rhIFN-y binding required RNA 

and protein synthesis. the effects of actinomycin 0 (1 ug/ml) and cycloheximide 

(10 ug/ml) on 1251-rhIFN-y binding were examined next. When binding was 

performed at 37°C (Fig. 10). cycloheximide decreased the amount of cell

associated 1251-rhIFN-y radioactivity by 55% (p<0.01). whereas actinomycin 0 

was without effect. In contrast. when binding was performed at 4°C. neither 

inhibitor significantly altered binding (Table 6). However. actinomycin 0 and 

cycloheximide completely blocked the rhTNF-mediated increase in 1251-rhIFN-y 

binding when binding was carried out at either 37°C or 4°C (Fig. 10. Table 6). 

Furthermore. the combination of rhTNF and cycloheximide decreased 1251_ 

rhlFN-y binding below control levels at both binding temperatures . 

.... .. ... ... _. ___ .. _. ______ C-.-__ 
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Figure 8. Characteristics of the rhTNF-medlated Increase In 1251-rhIFN-Y 
binding In WIDR cells. A. 3x105 cells were seeded in 24 well plates and incubated at 37°C 
with 250 U/ml of rhTNF for the indicated times. Cells were then washed twice and incubated for 2 
hrs at 37°C with 200,000 cpmlml of 1251-rhIFN-Y. Specific binding was determined as described 
in Materials and Methods. Data are the meanstSD of 2 experiments. B. Cells, as in A, were 
incubated for 6 hrs with the indicated concentrations of rhTNF. 125,-rhlFN-Ybinding was 
determined as in A. Data are the means±SEM of 3 experiments. 



• Z 
iL 

£ 
.:. 

5,-------------------------------------~ 
A 

4-

3- 10 min 

a CONTROL 
• rhThlF 

2-

1 -

O~HHHM~~L. .... ~~--~~~·~~ ...... ~HHMM~ . . . ... 
o 5 10 15 20 25 30 35 

7,-------------------------------------~ 
B 

6-

5-

3 -

2 . 

1 

180 min 

a 

• 
OONTROL 

rhThlF 

14HH~~~~.~ .... ~~~~·~~~~~ .. ~~NMHH~ O~ ~. ..... T 

o 5 10 15 20 25 30 35 

FRACTION 

82 

Figure 9. Chromatographic analysis of dissociated 1251-rhIFN-'Y radioactivity. 
1x105 cells were seeded in 6 well plates and incubated for 6 hrs in the absence or presence of 
250 U/ml of rhTNF. Cells were washed twice and incubated for 30 min at 37°C with 200.000 
cpmlmlof 1251-rhIFN-'Y. Cells were then washed twice and incubated with fresh binding medium 
devoid of radioactivity and containing 250 U/ml of unlabeled rhIFN-'Y. Medium was collected 10 
min (A) or 180 min (6) later. and equal aliquots of radioactivity were analyzed by Sephadex G-25 
column chromatography. 
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Figure 10. Effects of actinomycin D and cycloheximide on 1251.rhIFN·Y binding 
at 37°C. 3x105 cells were incubated for 6 hrs in the absence or presence of 250 U/ml of rhTNF, 
actinomycin D (ACT D, 1 ug/ml), or cycloheximide (CHX, 10 ug/ml) as indicated. Cells were 
washed twice and then incubated for 2 hrs at 37°C with 200,000 cpm/ml of 1251-rhIFN-Y. Specific 
binding was determined as described in Materials and Methods. Data are the rneans±SEM of 3 
experiments. *, p<0.01, **, p<0.001, when compared to control. 

TABLE 6 

Effects of actinomycin D (ACT D) and cycloheximide on 1251_ 
rhlFN-y binding at 4°C. 3x105 cells were seeded in 24 well plates and 
incubated for 6 hours in the absence or presence of the indicated additions. 
Cells were then washed and incubated at 4°C for 6 hours with 200,000 cpm of 
1251-rhIFN-y. Data are the means±SD from a representative (of 2) experiment. 

ADPITION 

None 
Actinomycin D (1 ug/ml) 

Cycloheximide (10 ug/ml) 

rhTNF (250 U/ml) 

rhTNF (250 U/ml) + Actinomycin D (1 ug/ml) 

rhTNF (250 U/ml) + Cycloheximide (10 ug/ml) 

-------

125'-rhIFN-y BOUND 

(cpm) 

4,276±545 

3,892±181 

3,989±295 

11,207±678 

4,477±1092 

1,605±146 
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TNF Increases the number of 1251-rhIFN-y binding sites. To 

determine whether the rhTNF-mediated increase in 1251-rhIFN-y binding was 

due to changes in receptor affinity or capacity, binding experiments were 

carried out under equilibrium conditions (4°C, for 6 hours) with increasing 

concentrations of unlabeled rhlFN-y in the presence of 100,000 cpm (2 ng/ml ) 

of 1251-rhIFN-y. Fig 11 A shows a representative competition curve 

demonstrating that 1251-rhIFN-y binding was saturable. Although Scatchard 

analysis of these data revealed curvilinear plots, LIGAND analysis indicated 

that the apparent low affinity component was associated with a high degree of 

statistical error and was best interpreted as representing non-specific binding. 

Therefore, LIGAND analysis was carried out with the understanding that the 

data best fit a single order of high affinity 1251-rhIFN-y binding sites, as 

previously reported in other cell types (132,133,140). This analysis revealed a 

Kd of 4.15x1 0-1 0 M and 18,960 sites/cell (Table 7, Fig. 11 B). Pretreatment of 

the cells with rhTNF caused a 245% increase in 1251-rhIFN-y binding sites 

(Table 7, p<0.003) without a significant change in receptor affinity (Fig. 11 C). 

When binding was carried out with increasing concentrations of 1251-rhIFN-y, 

Scatchard analysis yielded curvilinear plots which again were interpreted by 

the LIGAND program as best-fitting a single order of binding sites. In these 

experiments rhTNF caused a three-fold increase in the number of 1251-rhIFN-y 

binding sites without a change in receptor affinity (data not shown). 
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Figure 11. Equilibrium binding of 1251-rhIFN-Y to WIDR cells. 5x105 cells were 
incubated for 24 hrs in the absence (open triangles) or presence (closed triangles) of 250 U/ml of 
rhTNF. Cells were then washed twice and incubated for 6 hrs with increasing amounts of 
unlabeled rhlFN-Yin the presence of 100,000 cpmlml (2 nglml) of 1251-rhIFN-Y. A. Competition 
plot of the binding data. B. LIGAND generated Scatchard analysis of the binding data from control 
cells. C. LIGAND generated Scatchard analysis of the binding data from rhTNF treated cells. Data 
are from a representative (of 3) experiment. B/F, bound free . 
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Effects of rhlFN-y on 1251-rhTNF binding. IFN-y is known to 

modulate TNF binding in several cell systems (87-90). To determine whether 

rhlFN-y increased '1251-rhTNF binding in WiDR cells, binding experiments were 

carried out under equilibrium conditions (4°C, for 4 hours) with increasing 

concentrations of 1251-rhTNF. Scatchard analysis of these binding data 

revealed a single high affinity TNF binding site with a I<d of 1.66x1 0-1 0 and 920 

sites/cell (Fig. 12; Table 7). Pretreatment of the cells with rhlFN-y resulted in a 

significant increase in both the number (p<0.05) and affinity (p<0.002) of 1251_ 

rhTNF binding sites (Fig. 12; Table 7). The rhlFN-y mediated increase in 1251_ 

rhTNF binding was blocked by both actinomycin 0 and cycloheximide (data not 

shown). 

TABLE 7 

Binding characteristics of 1251-rhIFN-y and 1251-rhTNF In WiDR 
cells. 5x105 cells were seeded in 12 well plates and incubated in the absence 
or presence of 250 U/ml rhTNF or rhlFN-y for 24 hours. Equilibrium binding 
studies for both ligands then were performed as described in Materials and 
Methods. Data are the means±SEM of 3 experiments. 

1251-rhIFN-y BINDING SITES 

Kd (x1 0-1 OM) 

CONTROL 4.15±1.18 

rhTNF 5.71±0.61 

rhlFN-y 

sites/cell 

18,960±2900 

46,460±3275a 

1251-rhTNF BINDING SITES 

Kd (x1 0-1 OM) 

1.66±O.11 

1.05±0.05a 

sites/cell 

920±50 

1,550±140b 

------------------------------------------------------------------------------------------------------------

a p<0.003, bp<0.05 as compared with respective control. 

-----_ .. _. --- ----.--- ._ .• _- .-- .-.. -
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Figure 12. Equilibrium binding of 1251-rhTNF to WIOR cells. 5x105 cells were 
incubated for 24 hrs in the absence (open triangles) or presence (closed triangles) of 250 U/ml of 
rhIFN-Y. Cells were washed twice and incubated for 4 hrs at 4°C with increasing concentrations of 
1251-rhTNF. Scatchard analysis of the binding data is shown. Data are from a representative (of 4) 
experiment calculated using the LIGAND program as described in Materials and Methods. Inset, 
saturation plot of the same data. B/F, boundlfree. 
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Effects of homologous and combined cytoklne treatment on 

1251-rhTNF and 1251-rhIFN-y binding. To study the effects of TNF and 

IFN-yon their own receptors. WiDR cells were incubated for 6 hours at 37°C 

with 250 U/ml of the respective cytokine. Unlabeled ligands were removed by 

incubating cells in pH 2.5 buffer prior to performing binding studies. in order to 

prevent residual receptor occupancy (Table 8). Under these conditions (4°C). 

rhlFN-y increased 125'-rhIFN-ybinding (56%; p<0.001). and rhTNF increased 

1251-rhTNF binding (141 % ; p<0.01). Similar results were observed after 24 

hour incubations with the unlabeled cytokines (data not shown). Both 

actinomycin D and cycloheximide blocked the homologous ligand-mediated 

increases in 1251-rhIFN-y and 1251-rhTNF binding (Table 8). Neither 

actinomycin D nor cycloheximide altered basal 125'-rhIFN-y binding. whereas 

both inhibitors decreased basal 1251-rhTNF binding (Table 8). 

Following concomitant treatment with both rhTNF and rhIFN-y. the 

binding of 1251-rhIFN-y and 1251-rhTNF also were significantly increased (Fig. 

13). In the case of 1251-rhIFN-y. the increase was similar to the effect produced 

by incubation with rhTNF alone. In the case of 125'-rhTNF. the increase was 

significantly greater than that produced by incubation with either rhTNF or 

rhlFN-yalone (p<0.02). The stimulatory effect of both cytokines was completely 

blocked by either actinomycin D or cycloheximide (data not shown). 

----- -------.. ------_.--- --------- -
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TABLE 8 

Effects of homologous cytoklne treatment on 1251-rhIFN-l and 1251_ 
rhTNF binding In WIDR cells. 3x105 cells were seeded in 24 well plates 
and incubated for 6 hours in the absence or presence of 250 U/ml of the 
indicated cytokine, actinomycin D (Act D, 1 ug/ml) or cycloheximide (CHX, 10 
ug/ml). Cells were washed at 4°C and incubated at 4°C for 5 minutes in buffer 
containing 135 mM NaCl, 5 mM KCI, 5 mM CH3COOH (pH 2.5) to remove 
surface bound unlabeled ligand. Cells were then washed again at 4°C and 
incubated with 200,000 cprnlml at 4°C for either 4 (1251-rhTNF) or 6 hours 
(1251-rhIFN-l). Data are the meanS±SEM (or ±SD, n=2) from the number of 
experiments indicated in parentheses. 

1251-rhIFN-y BOUND 1251-rhTNF BOUND 

ADDIIIQf:!I 1mml AQQlIlQf:!I 1mml 
None 4,144±128 (4) None 294±13 (4) 

ActD 4,419±287 (3) ActD 218±26 (4)a 

CHX 4,021±69 (3) CHX 86±35 (4)b 

rhlFN-l 6,484±254 (3)C rhTNF 709±78 (3)b 

rhIFN-l+Act D 4,663±443 (2) rhTNF+Act D 75±58 (2) 

rhIFN-l+CHX 2,986±166 (3)b rhTNF+CHX 62±57 (2) 

a p<0.05, b p<O.01, c p<0.001, as compared with respective control. 

--------------_ .. _-,,--,--.. _._, .. _ .. ,. "'" .- .. 
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Figure 13. Effects of single and combined cytoklne treatment on 1251-rhTNF 
and 1251-rhIFN-y binding In WIDR cells. 3x105 cells were incubated in the absence or 
presence of rhTNF (250 Ulml), rhlFN-y (250 Ulml), or rhTNF+rhIFN-y (250 Ulml of each) for 6 hrs. 
Cells were then washed at 4°C and incubated at 4°C for 5 min In buffer containing 135 mM NaCl, 5 
mM KCI, 5 mM CH3COOH (pH 2.5). to remove surlace bound unlabeled ligand. Cells were then 
washed and incubated at 4°C with 200,00 cpmlml of: A, 1251-rhIFN-Y(6 hrs); or B, 1251-rhTNF (4 
hrs). Data are the means±SEM of 3 experiments .• , p<0.002, when compared to respective 
control; •• , p<0.02, when compared with either rhTNF or rhIFN-Yln panel B. 
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DISCUSSION 

It is widely believed that peptide hormones initiate their biological effects 

by binding to specific cell surface receptors (21,84,101). Therefore, modulation 

of receptor number and receptor affinity may be an important component of the 

regulation of cell growth and function. IFN-y modulates Fc receptors (32), MHC 

antigens (146), the transferrin receptor (34), and the TNF receptor (87-90). TNF 

modulates MHC antigens (30,41,148), the interleukin-2 receptor (41), the EGF 

receptor (38), the N-formylmethionylleucylphenylalanine receptor (149) and the 

colony stimulating factor-1 receptor (150). In the present study, I have identified 

a novel action of TNF, upregulation of IFN-y receptors, which further supports 

the concept that receptor modulation may be an important component in the 

mechanism of action of cytokines. 

rhTNF increased 1251-rhIFN-y cell-associated radioactivity in WiDR cells 

in a dose and time dependent manner. Although both surface bound and 

internalized 1251-rhIFN-y radioactivity were increased in rhTNF pretreated cells, 

the proportion of released 1251 radioactivity that comigrated with authentic 1251_ 

rhlFN-y was not altered by rhTNF. Therefore, it is unlikely that rhTNF increased 

1251-rhIFN-y binding by attenuating its degradation. In support of this 

conclusion, Scatchard analysis indicated that the increase in 1251-rhIFN-y 

binding was due to an increase in receptor number. The increase in 1251_ 

rhlFN-y binding was significant at 2 hours and maximal at 6 hours following 

rhTNF addition and was completely blocked by both actinomycin 0 and 

cycloheximide. Taken together, these data suggest that TNF induces the 

synthesis of IFN-y receptors. However, they do not exclude the possibility that 

-- -------- - ----- -------- ------ --



TNF may also be acting by enhancing the recruitment of intracellular IFN···'Y 

receptors to the cell surface. 
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It has been postulated that a recycling mechanism and/or a large 

intracellular receptor pool prevents IFN-'Y-induced downregulation of IFN-'Y 

receptors (84,151). In the present study, rhIFN-'Y increased 1251-rhIFN-'Y 

binding and this effect was blocked by actinomycin 0 and cycloheximide. 

Furthermore, cycloheximide decreased basal 1251-rhIFN-'Y binding when 

binding was carried out at 37°C but not at 4°C. These results suggest that IFN-'Y 

may enhance synthesis of its own receptor in WiDR cells. Alternatively, it is 

possible that IFN-'Y may enhance the recycling or recruitment of IFN-'Y receptors 

to the cell surface and that this process is somehow sensitive to inhibitors of 

RNA and protein synthesis. 

As in other cell types (87-90), rhIFN-'Y increased TNF binding in WiDR 

cells. In contrast to rhTNF, which upregulated rhIFN-'Y binding by increasing the 

number of IFN-'Y receptors, rhIFN-'Y increased 1251-rhTNF binding by enhancing 

both the number and affinity of the TNF receptor. It is possible that the increase 

in affinity of the TNF receptors may reflect induction by rhIFN-'Yof a different 

subtype of TNF receptor (93-97). The magnitude of the rhIFN-'Y induced 

upregulation of 1251-rhTNF binding was smaller than the rhTNF-induced 

increase in 1251-rhIFN-'Y binding. The increase in rhTNF binding was 

completely blocked by actinomycin 0 and cycloheximide, indicating that IFN-'Y 

was acting, at least in part, by enhancing TNF receptor synthesis. The same 

inhibitors also blocked the rhTNF-induced increase in 1251-rhTNF binding, and 

decreased the basal level of 1251-rhTNF binding. These observations suggest 

that the TNF receptor in WiDR cells is rapidly turned over and that TNF 

--- ._ .. _-- .-- "'-



stimulates the synthesis of its own receptor to a much greater extent than its 

known effect on TNF receptor down-regulation (152, 153). 
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The synergistic cytotoxic effects of rhTNF and rhlFN-y are dependent on 

the activation of both the IFN-yand TNF receptors. However, in the present 

study, there was a considerable lag period (12 to 24 hours) before cells began 

exhibiting significant growth arrest and lysis in response to incubation with both 

cytokines. In contrast, the binding of both TNF and IFN-y was significantly 

increased within 6 hours of combined cytokine treatment. Although the level of 

1251-rhIFN-y binding was similar to that seen following incubation with rhTNF 

alone, the level of 12Sl-rhTNF binding was greater following combined cytokine 

treatment. It has been suggested that TNF receptor occupancy during the lag 

period that precedes initiation of cytotoxicity may dictate the percentage of cells 

that are ultimately killed (154). Furthermore, internalization of ligand! receptor 

complexes may be necessary for the mediation of TNF cytotoxic effects (21). 

Ostensibly, the marked upregulation of the TNF receptor in the presence of both 

rhTNF and rhlFN-y may lead to increased occupancy of the TNF receptor and 

enhanced internalization of ligand! receptor complexes. Taken together with 

the concomitant increase in IFN-y binding and internalization, the present 

findings raise the possibility that TNF and IFN-y receptor modulation may 

contribute to the synergistic cytotoxic actions of TNF and IFN-y in WiDR cells. 
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CHAPTER SIX 

UPREGULATION OF GAMMA INTERFERON BINDING BY TUMOR 

NECROSIS FACTOR AND LYMPHOTOXIN: DISPARATE 

POTENCIES OF THE CYTOKINES AND MODULATION OF THEIR 

EFFECTS BY PHORBOL ESTER 

-.- ------._._---------_ .. - ._- --- _. _ ...... -_ ... - .. -. 
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SUMMARY 

Tumor necrosis factor (TNF) and gamma interferon (IFN-'Y) are immune

modulating cytokines that exert synergistic cytotoxic effects in several types of 

tumor cells. including ASPC-1 human pancreatic carcinoma cells. Lymphotoxin 

(L T). is a cytokine that binds to the TNF receptor and mimicks most of the 

biological actions of TNF. In the present study. I examined ASPC-1 cells for 

cytokine-mediated modulation of TNF and IFN-'Y receptors. Treatment of ASPC-

1 cells with recombinant human IFN-'Y (rhIFN-'Y) did not significantly alter 1251_ 

rhTNF binding. In contrast. treatment with rhTNF led to a dose and time 

dependent increase in 1251-rhIFN-'Y binding and internalization. Scatchard 

analysis revealed that rhTNF increased the number 1251-rhIFN-'Y binding sites 

from 11.000 sites/cell to 23.000 sites/cell without altering receptor affinity. 

Although rhL T also increased 1251-rhIFN-'Y binding. it was 100-fold less potent 

than rhTNF. In contrast. rhL T was only 10-fold less potent than rhTNF in 

displacing 1251-rhTNF from its receptor. The phorbol ester 12-0-tetradecanoyl 

phorbol-13-acetate (TPA) blocked the rhLT- and rhTNF-mediated increase in 

1251-rhIFN-'Y binding and markedly decreased 1251-rhTNF binding. These data 

suggest that both TNF and L T upregulate IFN-'Y receptors in ASPC-1 cells. but 

that L T is much less efficient than TNF. Further. the TPA-induced attenuation of 

IFN-'Y receptor upregulation suggests that PKC activation can regulate the 

TNF/L T-mediated pathways involved in IFN-'Y receptor upregulation. 

-_. __ . __ . - -.. - ._------
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INTRODUCTION 

Tumor necrosis factor (TNF) is a monocyte/macrophage derived protein 

that has pleiotropic biological effects on normal and transformed cells and 

modulates immune function and the inflammatory response (9). Lymphotoxin 

(L T), is a T-cell derived protein that has 28% amino acid homology with TNF, 

binds to the same cell surface receptor, and mimicks most of the biological 

actions of TNF (98). These effects include the regulation of tumor cell growth 

(155), osteoclast activation and bone resorption (63), polymorphonuclear 

leukocyte (PMN) activation (45,156), and alterations in endothelial cell 

morphology and expression of adhesion molecules (56,157). 

Gamma interferon (IFN-'Y) is a T-cell derived protein that has 

immunomodulatory and anti-proliferative activity on normal and transformed 

cells (77). This cytokine exerts synergistic effects with TNF or L T in several 

biological activities including the inhibition of cell growth (6,7), induction of HLA 

antigens (148), and PMN activation (156). Although the mechanisms 

underlying these synergistic interactions are not clear, it has been 

demonstrated that IFN-'Y upregulates TNF receptors in several cell types in 

which these cytokines exert synergistic effects (87-90). Conversely, I have 

shown that TNF upregulates IFN-'Y receptors in WiDR cells, a human colorectal 

carcinoma cell line which is highly sensitive to the synergistic cytotoxic effects of 

TNF and IFN-'Y (Chapter Five, ref. 158). Thus, upregulation of IFN-'Y receptors 

also may account for some of the synergy between the two cytokines. 

Activation of protein kinase C (PKC) with phorbol esters has been shown 

to downregulate both IFN-'Y and TNF receptors (108,109,159), and to attenuate 

TNF-mediated effects in certain tumor cell lines (109). However, it is not known 

-------_.- ._._ .. ------ --------.-
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whether PKC activating agents regulate the T~F-mediated increase in IFN-y 

binding. The present study was undertaken to determine if TNF and L T 

upregulate IFN-y binding in ASPC-1 human pancreatic carcinoma cells, ace" 

line in which TNF and IFN-yexert synergistic cytotoxic effects (pg. 43), and to 

determine whether PKC activation by TPA modulates the actions of TNF/L Ton 

IFN-y receptor expression. I now report that both TNF and L T upregulate IFN-y 

binding in ASPC-1 cells and that TPA blocks these upregulatory effects. 

------ -----. ---- -.. -



MATERIALS AND METHODS 

Cell culture. ASPC-1 human pancreatic carcinoma cells wore 

cultured as described (pg. 36). 
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Reagents. 12-0-tetradecanoyl phorbol-13-acetate (TPA) was 

purchased from Calbiochem (San Diego, CA). Recombinant human 

Iymphotoxin (rhL T) and rhTNF and rhlFN-y were obtained from Genentech. The 

specific activities of rhTNF, rhLT, and rhlFN-y in these studies were 4.6-

5.02x107 U/mg, 2x108 U/mg, and 2.5x107 U/mg, respectively. 

Binding experiments. Biologically active 125'-rhIFN-y and 1251_ 

rhTNF were prepared as described (pg. 38). The specific activities of both 1251_ 

labeled rhTNF and rhlFN-ycytokines ranged from 35,000 to 70,000 cpm/ng. 

Binding experiments with 125'-rhIFN-y or 1251-rhTNF were carried out as 

described (pg. 39). In ASPC-1 cells, maximal binding of 125'-rhIFN-yat 4°C 

occurred at 6 hours, whereas maximal binding of 1251-rhTNF at 4°C occurred at 

4 hours. Therefore, to determine IFN-y receptor number and affinity, cells were 

incubated at 4°C for 6 hours with 100,000 cpm of 125'-rhIFN-y (-2 ng/ml) in the 

presence of increasing amounts of the unlabeled rhIFN-y. To determine TNF 

receptor number and affinity, cells were incubated with increaSing 

concentrations of 1251-rhTNF at 4°C for 4 hours. In some experiments, cells 

were incubated with 250,000 cpm of 125'-rhTNF (-5 ng/ml) in the presence of 

increasing amounts of either unlabeled rhTNF or unlabeled rhL T. The binding 

data were analyzed by the method of Scatchard (135) using the LIGAND 

computer program (136), as described (pg. 39). 



Internalization of 1251-rhIFN-y in ASPC-1 cells was monitored as 

described (pg. 40) 

99 

To determine the effects of inhibition of RNA and protein synthesis on 

1251-rhIFN-y binding, ASPC-1 cells were incubated for 6 hours with actinomycin 

o (Act D) at 1 ug/ml and cycloheximide (CHX) at 10 ug/ml in the absence or 

presence of rhTNF. Act 0 inhibited the incorporation of 3H-uridine into 

trichloroacetic acid (TCA) precipitable moieties by approximately 80%, whereas 

CHX inhibited the incorporation of 3H-phenylalanine into TCA precipitable 

moieties by approximately 90%. Act 0, CHX, and TPA did not alter the viability 

of ASPC-1 cells over 6 hour incubations irrespective of the absence or 

presence of cytokines. 

Statistical analysis. Statistical analyses of binding data were carried 

out using ANOVA and Student's t test with the STATVIEW computer program on 

a Macintosh computer. 
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RESULTS 

Characteristics of 1251-rhTNF binding In ASPC·1 cells. ASPC-

1 cells possess single order high affinity receptors for both TNF and IFN-'Y, and 

are sensitive to the synergistic cytotoxic effects of TNF and IFN-'Y (pg. 43, ref. 

144). To determine if the synergistic effects of TNF and IFN-'Y partially may be 

attributed to the upregulation of TNF receptors in this cell line, I carried out 

binding studies with increasing concentrations of 12SI-labeled rhTNF in control 

and rhIFN-'Y treated cells. Scatchard analysis of these data revealed no 

significant alterations in the binding characteristics of 12SI-rhTNF following 

incubation with rhIFN-'Y (Table 9). 

TABLE 9 

Characteristics of 1251-rhTNF binding In ASPC-1 cells. Sx10S cells 
were seeded in 12 well plates and incubated in the absence or presence of 10 
ng/ml of rhIFN-'Y at 37°C for 24 hours. Equilibrium binding was then carried out 
as described in Materials and Methods. Data are the meanS±SEM of 3 
experiments. 

ADPITION 

CONTROL 

rhIFN-'Y (10 ng/ml) 

Kd (Mx1 0-11 ) 

4.6±0.1 

S.7±2.S 

SITES/CELL 

1,400±350 

1700±200 
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Characteristics of 1251-rhIFN-y binding In ASPC-1 cells. To 

determine if TNF alters IFN-y receptor expression in ASPC-1 cells, binding 

studies with 1251-labeled rhlFN-y were carried out in control and rhTNF treated 

cells. As can be seen in Figure 14, ASPC-1 cells readily bound and 

internalized 1251-rhIFN-yat 37°C. Maximal cell-surface binding occurred 

between 15 to 30 minutes of incubation and declined slightly thereafter. In 

contrast, internalized ligand steadily increased throughout the 180 minute time 

period of the experiment. Treatment of the cells with rhTNF (24 hours, 2.8 

ng/ml) resulted in a marked increase in both cell-surface and internalized 1251_ 

rhlFN-yradioactivity (Fig. 14). 
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Figure 14. Effects of rhTNF on surface bound and Internalized 1251-rhIFN-y 
radioactivity In ASPC-1 cells. 5x105cells were incubated for 24 hrs in the absence (open 
symbols) or presence (solid symbols) of 2.8 ng/ml of rhTNF. Cells were then washed and 
incubated ar 37°C with 200,000 cpmlml of 1251-rhIFN-y for the indicated times. Surface bound 
radioactivity (triangles and dashed lines) was determined by elution into pH 2.5 buffer. Cells were 
then solubilized in 0.5 N NaOH in order to determine internalized radioactivity (squares and solid 
lines). Data are the means±SEM of 3 experiments. 
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To determine whether the increase in 1251-rhIFN-y binding by rhTNF was 

due to a change in receptor affinity or capacity. binding experiments were 

carried out for 6 hours at 4°C with increasing concentrations of unlabeled 

rhlFN-y in the presence of a trace amounts of 1251-labeled rhlFN-y (100.000 

cpm/ml). Fig. 15A shows a representative competition-inhibition curve of 1251_ 

rhlFN-y in control and rhTNF treated cells. Scatchard analysis of the data from 

control cells revealed a single order of binding sites with a dissociation constant 

(Kct) of 1.16x1 0-1 0 M and 10,690 sites/cell (Table 10. Fig. 158). Pretreatment of 

the cells with a maximally effective concentration of rhTNF (2.8 ng/ml) caused a 

217% increase in 1251-rhIFN-y binding sites (Table 1. p<0.0001). without a 

significant change in receptor affinity (Table 10. Fig. 158). The rhTNF-mediated 

increase was apparent by 4 hours and maximal by 6 hours of incubation (data 

not shown). Actinomycin D (1 ug/ml) which did not alter basal binding. and 

cycloheximide (10 ug/ml) which decreased basal binding by 56%. completely 

blocked the rhTNF-mediated increase in 1251-rhIFN-y binding (Fig. 16). 

TABLE 10 

Characteristics of 1251-rhIFN-y binding In ASPC-1 cells. 5x105 cells 
were seeded in 12 well plates and incubated in the absence or presence of 2.8 
ng/ml of rhTNF at 37°C for 6 hours. Equilibrium binding was then carried out as 
described in Materials and Methods. Data are the meanS±SEM of 3 
experiments. 

ADDITION 

CONTROL 

rhTNF (2.8 ng/ml) 

Kd (Mx1 0-1 0) 

1.2±0.3 

1.7±0.4 

a Statistically different from control p<0.0001 

._.------ - ._._- -_._-- ------ .-- .--

SITES/CELL 

10.700±400 

23.200±200a 
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Figure 15. Effects of rhTNF on 1251-rh I FN-r equilibrium binding In ASPC-1 
cells. 6x1 05 cells were seeded in 12 well plates and incubated at 37°C for 6 hours in the 
absence (open squares) or presence (closed squares) of 2.8 ng/ml rhTNF. Cells were then 
washed twice and incubated for 6 hours at 4°C with increasing amounts of unlabeled rhlFN-r in 
the presence of 100,000 cpm (2 ng/ml) of 1251-rhIFN-r. A. Competition plot of the binding data. 
B. Scatchard analysis of the binding data. Data are from a representative (of 3) experiment. B/F, 
Bound/Free. 
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Figure 16. Effects of actinomycin D and cycloheximide on 12SI-rhIFN-'Y binding 
In ASPC-1 cells. 3x105 cells were incubated for 6 hrs in the absence or presence of 2.8 ng/ml 
of rhTNF, actinomycin D (ACT D, 1 ug/ml), or cycloheximide (CHX, 10 ug/ml) as indicated. Cells 
were washed twice and then incubated for 6 hrs at 4°C with 200,000 cpmlml of 125/-rhIFN-'Y. 
Specific binding was determined as described in Materials and Methods. Data are the meanS±SD 
from a representative (of 3) experiment. 

._._---- -------
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Comparative effects of rhLT and rhTNF on 1251-rhIFN-'Y 

binding. Treatment of ASPC-1 cells with rhL T led to a time- and dose

dependent increase in 1251-rhIFN-'Y binding. As with rhTNF, rhL T maximally 

increased 1251-rhIFN-'Y binding by 6 hours of incubation (data not shown). 

However, the maximal upregulatory effect of rhL T (64% increase) never 

attained the maximal effect of rhTNF (108% increase) even at high ligand 

concentrations (Fig. 17). In addition, one-half maximal stimulation occurred at 

0.02 ng/ml and 2 ng/ml with rhTNF and rhLT , respectively, (Fig. 17). Thus, rhLT 

was 100-fold less potent that rhTNF in upregulating 1251-rhIFN-'Y binding. 

Nonetheless, as with rhTNF, the upregulatory effect of rhLT on 1251-rhIFN-'Y 

binding, was completely blocked by both actinomycin 0 and cycloheximide 

(data not shown). Further, the disparate potencies of rhTNF and rhL T in 

increasing 1251-rhIFN-'Y binding was not a peculiarity of ASPC-1 cells inasmuch 

as similar differences between rhTNF and rhL T were observed in WiDR human 

colorectal carcinoma cells (data not shown). 

To determine whether the disparate potencies of rhTNF and rhL T in the 

upregulation of 1251-rhIFN-'Y binding may relate to differential binding of these 

cytokines to the TNF/L T receptor, competition-inhibition binding studies were 

next carried out (Fig. 18). One-half maximal displacement of 1251-rhTNF 

binding was attained with 4.3±1.9 ng/ml of rhTNF and 43±10 ng/ml of rhLT 

(means±SEM, n=3). Thus, rhL Twas 10-fold less potent than rhTNF in 

displacing 1251-rhTNF binding. 

-----------------.. __ .... ---- .......... ~ ... , .. " 
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Figure 17. Comparative effects of rhTNF and rhL T on 1251-rhIFN-'Y binding In 
ASPC-1 cells. 5x105 cells were incubated in the absence or presence of increasing 
concentrations of rhTNF (closed squares) or rhl T (open squares) at 37°C for 6 hrs. The cells were 
then washed and incubated with 200,000 cpmlml of 1251-rhIFN-'Y at 4°C for 6 hrs. Specific 
binding was determined as described in Materials and Methods. Data are the means±SEM of 3 
experiments. 
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Figure 18. Inhibition of 1251-rhTNF binding by rhTNF, rhLT, and TPA In ASPC-1 
cells. 6x105 cells were incubated in the absence (squares) or presence (triangles) of TPA (1 uM) 
at 37°C for 6 hrs. The cells were washed and then incubated with 300,000 cpm'ml of 1251-rhTNF 
in the absence or presence of increasing concentrations of either unlabeled rhTNF (closed 
squares and triangles) or unlabeled rhL T (open squares) for 6 hrs at 4°C. Data are the means of 
duplicate determinations from a representative (of 3 for rhTNF and rhLT competition; of 2 for TPA 
effects) experiment. 
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Effects of 12-0-tetradecanoyl phorbol acetate (TPA) on 1251_ 

rhlFN-yand 1251-rhTNF binding. Treatment of ASPC-1 cells with TPA (1 

uM) for 6 hours did not alter basal 1251-rhIFN-y binding (Table 11). In contrast, 

TPA treatment completely blocked both the rhTNF- and rhL T-mediated increase 

in 125'-rhIFN-y binding (Table 11). 

TABLE 11 

Effects of TPA on 1251-rhIFN-y binding In ASPC-1 cells. 3x105 cells 
were incubated in the absence or presence of TPA (1 uM), rhTNF (3 ng/ml), or 
rhL T (120 ng/ml) for 6 hours at 37°C. Cells were washed, and then incubated 
for 6 hours at 4°C with 200,000 cpm of 1251-rhIFN-y. Specific binding was 
determined as described in Materials and Methods. Data are the means±SEM 
of 3 to 5 experiments. 

ADDITION 

NONE 

rhTNF 

rhLT 

TPA 

rhTNF+TPA 

rhLT+TPA 

1251-rhIFN-y SOUND (cpm) 

2416±89 

4844±328a 

3708±530a 

2568±159 

2592±209 

2505±137 

a Significantly different from all other groups, p<0.02. 

To determine whether the inhibitory effects of TPA were due to negative 

modulation of the TNF/L T receptor, 1251-rhTNF binding experiments were 

performed in control and phorbol ester treated cells. Treatment of ASPC-1 cells 

for 6 hours with TPA (1 ug/ml) decreased 1251-rhTNF binding by 49±13% 

(means±SEM of 3 experiments). Competition-inhibition binding studies in 

_______________ 0 __ _ _____ 0- ._ 



109 

control and phorbol ester treated cells (Fig. 18) revealed that the TPA-mediated 
«. 

decrease in binding was associated with a 48% decrease in binding sites 

(control, 730 sites/cell; TPA-treated, 380 sites/cell) and a 38% decrease in 

receptor affinity (control, 4.8x10-11 M, TPA-treated, 7.8x10-11 M). 
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,IlISCUSSION 

I have studied the modulation of TNF and IFN-y receptors in ASPC-1 

cells, a human pancreatic carcinoma cell line which is sensitive to the 

synergistic cy1otoxic effects of the two cytokines (pg. 43). Although rhlFN-y did 

not alter 1251-rhTNF binding, rhTNF produced a time- and dose-dependent 

increase in 1251-rhIFN-y binding in this cell line. The rhTNF-mediated increase 

in 1251-rhIFN~'Y binding was associated ~ith an increase in both surface-bound 

and internalized 1251-rhIFN-Y when binding was performed at 37°C. 

Furthermore, Scatchard analysis of binding data (performed at 4°C) revealed 

that the increase in binding was due to a 2-fold increase in receptor number 

without an alteration in receptor affinity. rhL T partially mimicked the 

upregulatory effect of rhTNF on 1251-rhIFN-'Y binding. The inductive effects of 

both cytokines were blocked by the transcriptional inhibitor actinomycin 0, and 

the protein synthesis inhibitor cycloheximide. Taken together, these results 

suggest that TNF and L T stimulate the synthesis and surface expression of 

IFN-'Y receptors in ASPC-1 cells. 

IFN-'Yexerts potent growth inhibitory effects in these cells during 

prolonged (7 day) incubation periods (pg. 65, ref. 160). In contrast, during 

shorter incubation periods (48 hours), IFN-y exerts a smaller inhibitory effect 

which is synergistically enhanced in the presence of TNF (pg. 43). In view of 

the absence of TNF receptor upregulation in these cells, it is possible that the 

increase in IFN-'Y receptors by TNF may account for the synergy of the two 

cytokines. 

Although human TNF and L T share limited (28%) amino acid sequence 

homology, they are believed 10 bind to the same cell surface receptor and 

-- -----------_.,--,-- -, ,,- ,. , 
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therefore mimic each other's actions (98). However. in certain instances. TNF 

and L T have quantitative and qualitative differences in their biological activities. 

Thus. TNF is 100-1.000-fold more potent than LT in suppressing the growth of 

certain tumor cells (161.162). inducing bone resorption by osteoclasts (63). 

enhancing endothelial cell adhesiveness for neutrophils and production of IL-1 

(56.163). promoting the mixed lymphocyte reaction (42). and stimulating class 1 

MHC antigen expression on T lymphocytes (164). Furthermore. TNF. but not 

LT. induces hematopoietic colony stimulating activity by endothelial cells (56). 

Conversely. LT. but not TNF. promotes inflammatory skin reactions (165). 

In the present study. L Twas 100-fold less potent than TNF at increasing 

1251-rhIFN-'Y binding and did not attain the maximal induction produced by TNF. 

These disparate potencies were not a peculiarity of ASPC-1 cells inasmuch as 

L T also was less potent than TNF with regard to this effect in WiDR human 

colorectal carcinoma cells. These differences may relate to differential binding 

properties of thesa cytokines in ASPC-1 cells inasmuch as rhL Twas 10-fold 

less potent than rhTNF in competing with 1251-rhTNF for binding to the receptor. 

Similar differences in competitive binding of the cytokines has been reported in 

HL-60 cells (166). T-cells (164). and endothelial cells (163). However. over

expression of the cloned TNF receptor in cells has resulted in both similar (93) 

and dissimilar (95) competitive displacement of 1251-rhTNF binding by TNF and 

LT. Taken together. these observations raise the possibility that certain cells 

may express TNF receptor subtypes that preferentially bind TNF. 

It also has been suggested that the differences in biological activity and 

binding of TNF and L T in T cells may relate to preferential recognition of a low 

----------_ .. _-_._, ..... _ .. -.......... - .. ,,, 
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affinity binding site by L T and a high affinity binding site by TNF (164). 

However, in ASPC-1 cells, I have identified only a single affinity TNF ~inding 

site (pg. 52, ref. 144). 

In contrast to the 10-fold difference in potency of TNF and L T that was 

observed in competition-inhibition binding studies, there was a 100-fold 

difference in potency with respect to IFN-Y receptor upregulation. It is possible 

that the post-receptor pathways that mediate the actions of TNF and L T on IFN-Y 

binding are quantitatively induced by TNF to a greater extent than by L T at 

various levels of receptor occupancy for each cytokine, such that a ten-fold 

difference in occupancy results in a much greater than ten-fold difference in 

post-receptor pathway induction. At receptor saturating concentrations, TNF still 

exerted a greater inductive effect on IFN-Y binding than LT. Therefore it is likely 

that only TNF is able to maximally activate these post-receptor pathways. 

In ASPC-1 cells, TPA treatment did not alter basal 1251-rhIFN-y binding 

but blocked both the TNF- and L T-mediated increases in 1251-rhIFN-y binding. 

These results suggest that activation of PKC negatively modulates TNF and L T 

effects in ASPC-1 cells. It has been previously shown that phorbol esters 

down regulate the surface expression of TNF receptors (108,109,166), and 

subsequently attenuate TNF-mediated biological activity (109). In ASPC-1 

cells, TPA treatment also decreased 1251-rhTNF binding. Thus, it is probable 

that the TPA-mediated block in the induction of 1251-rhIFN-Ybinding by TNF 

and LT is partially due to its effects at the level of the TNF/L T receptor. 

However, downregulation of TNF receptors by TPA is both transient (108,109) 

and incomplete (50 % residual binding of 1251-rhTNF in ASPC-1 cells). 

Therefore, it also is possible that TPA may inhibit the post-receptor pathways 

------.---- ._----- ----_ .. _ ... -
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that are coupled to the TNF receptor. Although the exact mechanism of the 

inhibitory effect of TPA on TNF and LT action in ASPC-1 cells is unclear, these 

findings suggest that a variety of signals that activate PKC may modulate TNF 

and L T action on IFN-y receptor upregulation. 

-- ... -... -
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CHAPTER SEVEN 

UPREGULATION OF GAMMA INTERFERON RECEPTOR 

EXPRESSION BY INTERLEUKIN·1 AND TUMOR NECROSIS 

FACTOR IN WIDR HUMAN COLORECTAL CARCINOMA CELLS: 

MODULATION BY Ca2+ AND PROTEIN KINASE C ACTIVATION 

-.--- ---- ----------------------- -.- ----- -- '---' ......... " .. 
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SUMMARY 

Tumor necrosis factor (TNF) and Interleukin-1 (IL-1) are cytokines that 

have distinct cell surface receptors but share many biological activities. In the 

present stUdy, I investigated the effects of recombinant human IL-1 (rhIL-1) and 

rhTNF on IFN-y receptor expression in WiDR cells. Like rhTNF (pg. 78,81), 

rhlL-1 produced a time and dose-dependent increase in 1251-rhIFN-y binding, 

and induced synergistic effects with rhlFN-y in the growth inhibition of WiDR 

cells. The increase in 1251-rhIFN-y binding mediated by either rhlL-1 or rhTNF 

was due to increased IFN-y receptor protein expression as detected by 

immunofluorescence with a monoclonal antibody specific for the human IFN-y 

receptor. The phorbol ester 12-0-tetradecanoyl phorbol-13-acetate (TPA) 

attenuated 39% and 16% of the rhTNF- and rhlL-mediated increases in 1251_ 

rhlFN-y binding, respectively. The Ca2+ ionophore A23187 blocked 70% of the 

rhTNF-mediated increase and 40% of the rhIL-1-mediated increase. These data 

suggest that both IL-1 and TNF enhance IFN-y receptor protein expression in 

WiDR cells, which may be involved in the synergistic effects of TNF/IL-1 and 

IFN-y. Further, the actions of IL-1 and TNF on IFN-y receptor expression in 

WiDR cells may be mediated by similar post-receptor signalling mechanisms 

that are negatively modulated by Ca2+, and to a lesser extent, by protein kinase 

C activation by TPA. 



INTROPUCTION 

Tumor necrosis factor (TNF) and interleukin-1 (IL~1) are two 

predominantly monocyte-derived cytokines that mediate or modulate many 
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. essential immunological processes (4). Although TNF and IL-1 are 

biochemically and immunologically distinct their broad biological activities are 

strikingly similar (39). Since IL-1 and TNF bind to different receptors (39), their 

overlapping biological activities may be due to the induction of similar post

receptor mechanisms. I previously demonstrated that TNF upregulates IFN-y 

receptors in WiDR cells, and that TNF and IFN-yexert synergistic cytotoxic 

effects in these cells (pg. 78,81). In the present study, I wanted to determine 

whether IL-1 mimicks the upregulatory effect of TNF on IFN-y receptor 

expression and the growth inhibition of WiDR cells. Further, I investigated the 

role of protein kinase C as a mediator and regulator of TNF and IL-1 action in 

WiDR cells. 

--- .-. ----.... -
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MATERIALS AND METHODS 

Cell culture. WiDR cells were cultured as described (pg. 73). 

Reagents. The following were purchased: histone H1 (type illS, lysine 

rich fraction), 1,2-diolein, phophatidylserine, mouse IgG antibody and 

fluorescein-conjugated goat anti-mouse IgG from Sigma Chemical Co. (St. 

Louis, MO); A23187 and 12-0-tetradecanoyl phorbol-13-acetate (TPA) were 

from Calbiochem (La Jolla). Recombinant TNF and IFN-ywere obtained from 

Genentech and had specific activities of 4.6-5.02x107 U/mg and 2-2.5x107 

U/mg, respectively. Recombinant human interleukin-1 alpha was obtained from 

Hoffman LaRoche (Nutley, NJ) and had a specific activity of 3x108 U/mg. 

Monoclonal antibody 177-1 raised against the human IFN-y receptor (167) was 

a generous gift of Dr. Menachem Rubinstein, The Weizmann Institute of 

Science, Israel. 

Growth inhibition assay. Cytostatic/cytotoxic effects of rhTNF and 

rhlFN-y were determined by using MTT, as described (pg. 37). 

Binding experiments. Binding experiments using biologically active 

125,-labelled rhlFN-y were carried out in 24 well plates that were seeded with 

3x105 cells/well, as described (pg. 38,74). 

Binding of anti-IFN-'Y. receptor monoclonal antibody and 

ylsuallzatlon by fluorescence actlyated cell sorting. 5x105 cells in 12 

well plates were incubated in the absence or presence of either rhTNF or rhlL-1 

(250 U/ml, and 2,000 U/ml, respectively) for 6 hours at 37°C. All subsequent 

incubations were carried out at 4°C in phosphate buffered saline (PBS) pH 7.3, 

~--~--- -~ --~ ------ .. ----~- .------ .-._- .-- . -
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containing 3% bovine serum albumin (BSA). Cells were first incubated for 20 

minutes with 200 ul of non-specific mouse IgG antibody (10 ug/ml) diluted in 

PBS/BSA. Cells were washed 5x with PBS/BSA and then incubated for 1 hour 

with 200 ul of either PBS/BSA or a 1 to 100 dilution of mouse ascites fluid 

derived from anti-IFN-Y receptor monoclonal antibody hybridoma 177-1 (167). 

Cells were washed 5x and then incubated for 30 minutes with 200 ul of a 1 to 

200 dilution of fluorescein-conjugated goat anti-mouse antibody (Sigma). Cells 

were then washed 6x with PBS/BSA and fixed in 1 % paraformaldehyde. Anti

IFN-y receptor antibody stained cells were then analyzed by fluorescence 

activated cell sorting (FACSCAN, Becton Dickinson, Mtn. View, CA). 

PKC assay. The PKC assay was carried out as described (168), with 

modifications. Briefly, 1 x1 07 cells were incubated with drugs, washed 2x in 

solubilization buffer (buffer A: 20 mM Tris-HCI, pH 7.5, 2 mM EDT A, 0.5 mM 

EGTA, 50 mM 2-mercaptoethanol, 1 mM benzamidine HCI, 1 mM 

phenylmethylsulfonylfluoride, 0.01 % WN soybean trypsin inhibitor, 0.01 % WN 

leupeptin), scraped into 1.5 ml of buffer A, and sonicated (3 x10 sec bursts). 

Cell extracts were centrifuged at 100,000xg for 45 min and the supernatant was 

saved as the cytosolic (soluble) fraction. The membrane pellet (particulate 

fraction) was solubilized for 1 hr with vigorous vortexing in buffer A containing 

1 % nonident P-40. The particulate extract was again centrifuged at 100,000xg 

for 45 min. The supernatant was applied to a Sephadex G-25 column 

equilibrated with buffer A (without leupeptin), and 30 drop fractions were eluted 

with more buffer A (without leupeptin). Protein determinations were carried out 

with the Bio-Rad protein reagent with BSA as a standard. The peak protein 

containing fractions were saved to assay for PKC activity . 

. ----- ... -.-- ._-----
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The PKC activity was determined by the transfer of 32p from ('Y-32p) ATP 

to histone H1 substrate. The standard reaction mixture contained 20 mM Tris-CI 
> 

pH 7.5,30 ug of protein from cell extracts, 10 mM MgCI2, 25 ug histone H1, 20 

ug of phophatidylserine, 2 ug of 1,2-diolein, with and without 2 mM CaCI2 in a 

final volume of 250 ul. The reaction was initiated by the addition of 5 ul of (1-

32p) ATP and stopped 5 min later by the addition of 250 ul of ice cold 20% 

Trichloroacetic acid (TCA) and carrier BSA. The precipitates were pelleted by 

centrifugation for 15 min at 2,500 g and washed 3x with TCA. The pellets were 

solubilized in 1 N NaOH, neutralized, and incorporated radioactivity was 

determined by scintillation counting. PKC-specific activity was determined by 

subtracting the amount of radioactivity incorporated into histone in the absence 

of CaCI2 from that in the presence of CaCI2. Data are expressed as cpm/30 ug 

of protein/5 min. 

Statistical analysis. Statistical analyses of binding data were carried 

out as described using ANOVA and Student's t test using the STATVIEW 

computer program on a Macintosh computer. Cellular viability data was 

anal}zed by a dose-effect analysis computer program (138). 

- --_._._-_. -------------------_._--_.- .. _-----" .. '-'--'- ...... -.-........ -----. -- .. _-..... --._ ........ _ ... ---
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RESULTS 

Synergistic growth Inhibition of WIDR cells by rhlL-1 and 

rhIFN-y. To determine the growth inhibitory effects of rhlL-1 and rhlFN-y in 

WiDR cells, cells were incubated for 48 hours at 37°C with various 

concentrations of either rh1L-1 , rhlFN-y or with various concentrations of rhlL-1 

and rhlFN-y in a 1 to 1 ratio of each. Both rhlL-1 and rhlFN-y induced slight 

growth inhibitory effects in WiDR cells, giving 19% and 30% growth inhibition, 

respectively, at concentrations of 1 ,000 U/ml (Fig. 19). In contrast, the 

combination of rhlL-1 and rhlFN-y exerted synergistic growth inhibitory effects 

over a wide range of concentrations (Fig. 19), as determined by analysis of the 

data with a dose-effect analysis computer program (138). 
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Figure 19. Growth Inhibitory effects of rhlL-1 and rhlFN-y In WIDR cells. 25,000 
cells were Incubated for 48 hours at 37°C with various concentrations of rhll-1, rhIFN-y, or rhll-
1 +rhIFN-y in a 1 to 1 ratio of each cytokine. Growth Inhibitory effects were determined by the MIT 
assay. Data are the means±SEM of 3 experiments. 

------------------ --.--.--



121 

Effects of rhlL-1 on 1251-rhIFN-y binding. Treatment of WiOR 

cells with rhlL-1 produced a time- and dose-dependent increase in 1251-rhIFN-y 

binding when binding was carried out at 4°C (Fig. 20). The rhIL-1-mediated 

increase in 1251-rhIFN-y binding was evident by 4 hours of incubation and was 

maximal by 6 hours of incubation. The upregulatory effect of rhlL-1 persisted for 

24 hours of incubation, at which time it was slightly below maximal induction 

levels (Fig. 20A). The increase in binding was significant at 10 U/ml of rhlL-1 

and maximal (-100% increase) at 600 to 2,000 U/ml (Fig. 208). The 

transcriptional inhibitor actinomycin 0 (Act 0, 1 ug/ml) completely blocked the 

rhIL-1-mediated increase in 1251-rhIFN-y binding, without significantly altering 

basal binding (Table 11). 

rhlL-1 and rhTNF Increase IFN-y receptor protein expression. 

To confirm that the increases in 1251-rhIFN-y binding mediated by rhlL-1 and 

rhTNF were due to enhanced expression of IFN-y receptors, I labeled control 

and either rhlL-1 or rhTNF treated cells with an anti-IFN-y receptor monoclonal 

antibody, and analyzed the antibody stained cells by fluorescence activated cell 

sorting. As can be seen in figure 21, rhTNF and rh1L-1 treatment induced a 79% 

and 53% increase, respectively, in the mean fluorescence intensity of IFN-y 

receptor positive cells. Thus, both rh1L-1 and rhTNF induced an increase in the 

density of IFN-y receptor protein expressed among the cell populations. 
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Figure 20. Effects of rhlL-1 on 1251-rhIFN-'Y binding In WIDR cells. A. 3x105 cells 
were incubated at 37°C with 2,000 U/ml of rh1L-1 for the indicated times. Cells were then washed 
twice and incubated for 6 hrs at 4°C with 200,000 cpmtml of 125J-rhIFN-'Y. Specific binding was 
determined as described in Materials and Methods. Data are the meanS±SEM of 3 experiments. 
B. 3x105 cells were incubated for 6 hrs at 37°C with the indicated concentrations of rhIL-1. 1251_ 
rhIFN-'Ybinding was then determined as in A. Data are the meanS±SEM of 3 experiments. 
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Figure 21. Flow cytometrlc analysis of the rhTNF and rhIL-1-medlated 
modulation of IFN-Y receptor expression In WIOR cells. Cells were Incubated In the 
absence (dotted lines) or presence (solid lines) of either 250 U/ml of rhTNF (A), or 2,000 U/ml of 
rhlL-1 (8) for 6 hrs at 37°C. 10,000 cells were then analyzed for IFN-Y receptor expression as 
described in Materials and Methods. 
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TABLE 12 

Effects of actinomycin D (Act D) on the rhIL-l-medlated Increase In 
1251-rhIFN-y binding. 3x105 cells were incubated for 6 hours with or without 
rhlL-1 (2,000 U/ml) in the absence or presence of Act 0 (0.5 ug/ml). Cells were 
washed and then incubated for 6 hours at 4°C with 200,000 cpm/ml of 1251_ 
rhIFN-y. Specific binding was then determined as described in Materials and 
Methods. Data are the meanS±SEM of 3 experiments. 

ADDITION 

NONE 

ActO 

rhlL-1 

rhlL-1 +Act 0 

1251-rhIFN-y. BOUND (<<pm) 

4204±181 

3189±36 

8138±1111 a 

3104±29 

a Significantly different from all other groups p<0.01, by ANOVA. 

Effects of the combination of rhlL-1 and rhTNF on 1251_ 

rhlFN·y binding. Incubation of WiDR cells with suboptimal concentrations of 

both rhlL-1 (200 U/ml) and rhTNF (25 U/ml), resulted in an increase in 1251_ 

rhlFN-y binding over that seen with suboptimal concentrations of either cytokine 

alone (p<0.02) (Fig. 22A). In contrast, rh1L-1 did not increase the effect 

produced by a maximal concentration off rhTNF (250 U/ml), however, rhTNF 

enhanced the effect produced by a maximal concentration of rhlL-1 (2,000 U/ml) 

(p<0.02) (Fig. 22). 

-------- ---------- __ 0·- __ _ 
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Figure 22. Combined effects of rhTNF and rhlL·1 on 125,-rhIFN-Y binding In 
WIOR cells. 3x105 cells were incubated with the indicated concentrations of rhTNF, rhIL·1. or 
rhTNFHhIL-1 for 6 hrs at 3"?OC. Cells were washed and then incubated for 6 hrs at 4°C with 
200.000 cpmlml of 125,-rhIFN-Y. Data are the means±SEM of 3 experiments. *p<0.05. when 
compared to rh1L-1 (200 U/ml). and rhTNF (25 U/ml) in panel A; and when compared to rh1L-1 
(2.000 U/ml) in panel B. 
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TNF does not activate PKC In WIDR cells. To determine if the 

upregulation of IFN-y receptors by TNF involves activation of PKC, PKC 

phosphorylation assays were performed in both soluble (cytoplasmic) and 

particulate (membrane) cell compartments following TNF treatment. As can be 

seen in Table 13, treatment of cells with TNF for either 5 or 30 min did not alter 

the PKC activity found in either the soluble or particulate compartments. In 

contrast, TPA caused a marked increase in PKC activity in the particulate 

compartment and a loss of activity in the soluble compartment (Table 13). Thus, 

TNF did not activate PKC in WiDR cells. 

TABLE 13 

Effects of TNF and TPA on PKC activity In WIDR cells. 1x107 cells 
were incubated for the indicated time in the absence or presence of rhTNF (250 
U/ml) or TPA (1 uM) at 37°C. Cytosolic (soluble) and membrane (particulate) 
extracts were made and PKC phosphorylation assays were carried out as 
described in Materials and Methods. Data are from a representative (of 3) 
experiment and are expressed as cpm/30 ug protein/5 min. 

CELLULAR FRACTION 

IBt;ATM!;~I SOLUBLE ~ABIIQUI..AIE 
NONE 7,098 1,094 

rhTNF 5 min 7,858 59 

30 min 7,658 100 

TPA 15 min 3,266 108,446 

------_ .. - ... -. 
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Effects of the calcium lonophore A23187 on 1251-rhIFN-'Y 

binding. To elucidate the role of intracellular Ca2+ on IFN-'Y receptor 

expression, I tested the effects of the calcium ionophore A23187 1251-rhIFN-'Y 

binding in WiDR cells. Treatment of WiDR cells with A23187 (1 uM) did not 

alter basal 1251-rhIFN-'Y binding, but markedly attenuated both the rh_IL-1- and 

rhTNF-mediated increases in 1251-rhIFN-'Y binding, inhibiting 49% (p<0.001) 

and 70% (p<0.001) of the inductive effects of rh1L-1 and rhTNF. respectively 

(Fig. 23A). 

Effects of the phorbol ester 12-0-tetradecanoyl phorbol-13-

acetate (TPA) on 1251-rhIFN-'Y binding. To determine the effects of PKC 

activation on IFN-'Y receptor expression, I examined the effects of TPA on 1251_ 

rhIFN-'Y binding. Treatment of WiDR cells with TPA (1 uM) slightly enhanced 

(19%) basal 1251-rhIFN-'Y binding. The same concentration of TPA attenuated 

16% of the rhIL-1-mediated increase in 1251-rhIFN-'Y binding (p<0.02) and 40% 

of the rhTNF-mediated increase (p<0.001) (Fig. 23B). The combination of 

A23187 and TPA did not significantly increase either the inhibitory effects of 

A23187 alone on rhlL-1 or rhTNF action, nor did the combination alter the TPA

mediated enhancement of basal binding (data not shown). 

----- ------------- -_.-_.--
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Figure 23. Effects of A23187 and TPA on rhlL·1 and rhTNF·medlated Increases 
In 125'-rhIFN-'Y binding In WIDR cells. A. A23187. B. TPA. 3x105 cells were Incubated 
for 6 hrs at 37°C in absence or presence of rh1L-1 (2,000 Ulml), rhTNF (250 Ulml), A23187 (1 uM), 
and TPA (1 uM) as indicated. Cells were washed twice then Incubated at 4°C for 6 hrs with 
200,000 cpmlml of 1251-rhIFN-'Y. Specific binding was then determined as described in Materials 
and Methods. Data are the meanS±SEM of 5 to 13 experiments. *, p<0.0 01 when compared to 
rhlL-1 In panel A; **, p<0.001 when compared to rhTNF in panel A; *** p<0.02 when compared to 
control In panel B; ****, p<0.001 when compared to rhlL-1ln panel B; *****, p<0.001 when 
compared to rhTNF In panel B. 
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DISCUSSION 

IL-1, TNF, and IFN-yare immunoregulatory cytokines that initiate their 

biological actions by binding to specific cell surface receptors (21,84,169). IL-1 

and TNF, although distinct cytokines, share many biological activities and often 

interact with IFN-y in these effects (39). Modulation of receptors may be an 

initial regulatory mechanism in the biological actions of these cytokines. In this 

report, I demonstrate that IL-1, like TNF, produced a time- and dose-dependent 

increase in IFN-y binding in WiOR human colorectal carcinoma cells. The 

upregulatory effects of rhlL-1 and rhTNF on cell surface 1251-rhIFN-ywas due to 

increased IFN-y receptor protein expression as determined by 

immunofluorescence with an IFN-y receptor specific monoclon~1 antibody. 

Taken together with the observation that the upregulatory effects of both rhlL-1 

(Table 12) and rhTNF (pg. 83) on IFN-y receptor expression were blocked by 

actinomycin 0, these findings suggest that these cytokines increase the 

synthesis and expression of IFN-y receptors. 

Previously I demonstrated that TNF upregulates IFN-y binding in WiOR 

cells and exerted synergistic cytotoxic effects with IFN-y in this cell line 

(pg.78,81, ref. 158). Therefore, I also wanted determine whether rhlL-1 could 

exert synergistic growth inhibitory effects with rhIFN-y. In WiDR cells, rhlL-1 

induced only a small growth inhibitory effect, whereas rhlFN-yexerted a greater 

inhibitory effect. However, the combination of rh1L-1 and rhlFN-yinduced 

synergistic growth inhibitory effects. In view of the fact that upregulation of 1251_ 

rhlFN-ybinding persists for at least 24 hours, it is possible that the rhIL-1-

mediated upregulation of 1251-rhIFN-y binding may accelerate and/or enhance 

the inhibitory mechanisms induced by rhIFN-y. Such a mechanism could 
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conceivably contribute to the synergistic effects of rhlL-1 and rhlFN-yin WiDR 

cells. 

Receptor-mediated activation of PKC has been implicated in the signal 

transduction mechanisms of several peptide hormones (3). Although TNF has 

been shown to activate PKC in some leukemic and monocytic cell lines (105). 

rhTNF did not alter PKC activity in WiDR cells. Therefore. it is probable that the 

TNF-mediated upregulation of IFN-y receptors does not involve direct activation 

of PKC. 

Activation of PKC with TPA enhanced basal 1251-rhIFN-y binding. but 

attenuated the rhTNF-mediated increase by 40% and the rhIL-1-mediated 

increase by 16% in WiDR cells. Activation of PKC with phorbol esters has been 

shown to downregulate TNF receptors (108.109) and to attenuate TNF

mediated effects in certain tumor cell lines (109). It is possible that activation of 

PKC by TPA may attenuate the upregulatory effects of rhTNF and rhlL-1 by 

downregulating their respective receptors. TPA does in fact partially 

downregulate TNF receptors in ASPC-1 cells and completely blocks the 

upregulatory effects of rhTNF on IFN-y receptors in this cell line (pg. 107.108). 

However. since TNF receptors are rapidly regenerated following TPA-mediated 

downregulation (108.109). and downregulation of IL-1 receptors by TPA has not 

been demonstrated. it is likely that the inhibitory effects of TPA are also 

mediated at the post-receptor level. 

In contrast to the moderate inhibitory effects of TPA. A23187 had a much 

larger inhibitory effect on both TNF and IL-1 action in WiDR cells. A23187 

induces biological effects by causing fluxes in intracellular Ca2+ levels. thus 

suggesting that TNF and IL-1 action in WiDR cells may involve Ca2+-sensitive 

------ - -_ .. _---- ---..• -- -- - -
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pathways. The fluxes in Ca2+ levels can regulate primarily two Ca2+

dependent enzyme pathways. One pathway is through modulation of PKC 

activity at the basal level of Ca2+ (3), and the second is through modulation of 

Ca2+ and calmodulin-dependent kinases (170). It is possible that the greater 

inhibitory effect of A23187 may be due to activation of both PKC-dependent and 

-independent pathways involved in TNF and IL-1 action. It will be of interest to 

examine the effects of Ca2+ depletion and calmodulin inhibitors on TNF and IL-

1 action in WiDR cells. 

The modulation of both IL-1- and TNF- mediated upregulation of IFN-y 

receptors by Ca2+ and protein kinase C activity suggests that TNF and IL-1 may 

be activating similar post-receptor pathways in WiDR cells. Suboptimal 

concentrations of TNF and IL-1 were additive in their effects on the upregulation 

of 1251-rhIFN-y binding. However, IL-1 could not enhance the upregulatory 

action of a maximally effective concentration of TNF, whereas TNF could 

increase the upregulatory action of a maximally effective concentration of IL-1. 

Further, TPA only slightly attenuated the IL-1 mediated upregulation of binding 

(16%) whereas it had a greater inhibitory effect on TNF action (40%). Taken 

together, these results suggest that there are qualitative differences in the 

mechanisms activated by TNF and IL-1 in WiDR cells that result in the 

upregulation of 1251-rhIFN-y binding. 

Overall, these results suggest that the upregulation of IFN-y receptors by 

TNF and IL-1 may be a novel mechanism of immunoregulation induced by 

these cytokines and provides a model system to study the receptor and post

receptor mechanisms involved in TNF and IL-1 action. 

---.. -.------ -_._ .. _--- .. 
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APPENDIX A 

TUMOR NECROSIS FACTOR AND GAMMA INTERFERON 

RECIPROCALLY UPREGULATE EACH OTHERS RECEPTORS IN 

COLO 357 HUMAN PANCREATIC CARCINOMA CELLS. 

TNF and IFN-y exert synergistic cytotoxic effects in COLO 357 cells (pg. 

43). To determine if receptor modulation' may contribute to the synergistic 

effects of the cytokines in this cell line, the expression of TNF and IFN-y 

receptors were studied following incubation with rhTNF, rhIFN-y, and the 

combination of rhTNF+rhIFN-y, using 1251-labeled rhTNF and rhlFN-yas 

described (pg. 39,75). Table 14 demonstrates that rhTNF significantly 

increases the number of IFN-y receptors in COLO 357 cells and that IFN-y 

significantly increases the number of TNF binding sites. 

TABLE 14 

Binding characteristics of 1251-rhIFN-y and 1251-rhTNF In COLO 
357 cells following cytoklne treatment. 5x105 cells were seeded in 12 
well plates and incubated in the absence or presence of 250 U/ml rhTNF or 
rh IFN-y for 24 hours. Equilibrium binding studies for both ligands then were 
performed as described (pg. 39). Data are the meanS±SEM of 3 experiments. 

1251-rhIFN-y BINDING SITES 

Kef (xl 0-11 Ml siles/cell 

CONTROL 1.32±0.32 3,200±600 

rhTNF 

rhlFN-y 

2.2S±O.27a S,800±1400a 

a p<0.05 as compared with respective control. 

-_ ..... --

1251-rhTNF BINDING SITES 

Kd (x1 0-1 OM). 

1.23±O.10 

1.05±0.05 

sjtes/cell 

1,100±200 

1,S00±200a 
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APPENDIX A (cont.) 

Table 15 demonstrates that following a 6 hour incubation with the 

homologous ligand, neither the TNF nor the IFN-y receptors are down regulated 

and in fact are slightly upregulated. Further, during incubation with both 

cytokines, both the TNF and IFN-y receptors are upregulated, suggesting that 

the upregulation of the receptors may contribute to the mechanisms involved in 

the synergistic cytotoxic effects of rhTNF and rhlFN-yin COLO 357 cells. 

TABLE 15 

Effects of homologous and combined cytoklne treatment on 1251_ 
rhlFN-y and 1251-rhTNF In COLO 357 cells. 3x105 cells were incubated 
for 6 hours in the absence or presence of rhTNF (250 U/ml), rhlFN-y (250 U/ml), 
or rhTNF+rhIFN-y (250 U/ml of eaCh). Cells were washed at 4°C and incubated 
at 4°C for 5 minutes in buffer containing 135 mM NaCI, 5 mM KCI, 5 mM 
CH3COOH (pH 2.5) to remove surface bound unlabeled ligand. Cells were 
then washed again at 4°C and incubated with 200,000 cpm/ml at 4°C for either 
4 (1251-rhTNF) or 6 hours (1251-rhIFN-y). Data are the meanS±SD of 2 to 6 
experiments indicated by the number in parentheses. 

1251-rhTNF BOUND 1251-rhIFN-y BOUND 

ADDIIIO~ tmml ADDITION !m!JJl 
None 1 ,656±1 08 (6) None 4,140±151 (6) 

rhTNF 1,927±58 (5) rhTNF 6,651±78 (2) 
rhlFN-y 2,489±443 (2) rhlFN-y 5888±258 (5) 

rhTNF+rhIFN-y 3,126±172 (3) rhTNFHhIFN-y 6653±402 (3) 

---------------------------------------------------------------------------------------------------------.--

--------------------
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