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ABSTRACT 

The purpose of these studies was to determine whether 

lactogen-dependent Nb2-11c cells and lactogen-independent 

Nb2-SP cells differ with respect to morphology and autocrine 

growth control. To this end, the ultrastructural and sur

face morphology of both Nb2 cell lines was analyzed and the 

autocrine growth modulatory activity of Nb2 cell conditioned 

medium (Nb2-CM) was determined. The autocrine growth in

hibitory activity of Nb2-CM was biologically characterized 

and attempts were made to biochemically characterize and 

purify the Nb2 cell autocrine growth inhibitor as well as to 

determine its mechanism of action. 

Quantitative analysis of transmission electron micro

graphs reveals that the ultrastructural morphology of 

lactogen-dependent Nb2-11c cells differs from that of 

lactogen-independent Nb2-SP cells. Nb2-11c cells exhibit a 

greater incidence and volume density of nuclear pockets, 

whereas the incidence and volume density of lipid droplets 

is greater in the Nb2-SP cell line. Surface features of 

Nb2-11c and Nb2-SP cells, as examined with scanning electron 

microscopy, are indistinguishable. 

Nb2-11c and Nb2-SP cells share a common mode of growth 

control in the form of constitutive secretion of an 

autocrine inhibitory factor. Medium conditioned by either 
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Nb2-11c or Nb2-SP cells inhibits the growth of both cell 

lines. Nb2-CM-mediated growth inhibition is dose-dependent 

and reversible. Nb2-CM does not induce quiescence or cell 

death, but rather, causes a delay in the progression of 

cells through all phases of the cell cycle. Nb2 cell 

proliferation stimulated by a variety of mitogens is in

hibited by Nb2-CM. Nb2-CM also has the ability to inhibit 

the growth of normal rat splenocytes as well as MCF-7 human 

breast cancer cells. 

Biochemical analysis of Nb2-CM was equivocal: however, 

indirect evidence suggests that the autocrine growth in

hibitory factor produced by Nb2 cells may be a prostaglandin 

or another arachadonic acid metabolite since the growth in

hibitory activity of Nb2-CM is reduced when CM is prepared 

in the presence of indomethacin. Interestingly, levels of 

prostaglandin F1a are elevated in CM-treated culture super

natants. Examination of other signal transduction systems 

in Nb2 cells suggests that neither cAMP activation, 

polyamine biosynthesis, nor protein kinase C activation 

mediate or influence the inhibitory effect of Nb2-CM. 
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INTRODUCTION 

Growth Control of Normal Cells 

The Fundamental Process of Growth 

Growth is a fundamental process of all living 

organisms and the control of growth is essential for the de

velopment and maintenance of a normal organism. Mechanisms 

of growth control are not universal for all types of cells 

in an organism, nor is growth control constant. That is, 

the mechanisms that regulate growth are influenced by and 

are responsive to changes in the microenvironments of cells 

(Holley, 1975). 

Growth is a common feature of all tissues during the 

early stages of development in the embryo, fetus, and 

neonate. Although some cell types reach a differentiated, 

nonproliferative state in the adult, growth remains a vital 

feature of many tissues. Growth of adult tissues is 

manifest as regeneration of injured tissues (wound healing) 

and replacement of normally cycling tissues by division and 

maturation of pluripotent stem cells (i.e., intestinal 

epithelium, bone marrow). 

Tissue growth may result from either an increase in the 

size of a cell (hypertrophy) or an increase in the number of 

cells (hyperplasticity). Although hypertrophic responses 
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are essential for the maintenance of certain tissues because 

they frequently result in the production of extracellular 

material (i.e., bone, connective tissue proper), most cell 

biologists studying tissue growth have focused their atten

tion on the regulation of cell proliferation. 

Cells within any tissue vary with respect to their 

mitogenic competence and can be placed into one of three 

categories: 1) mature, fully differentiated cells which 

have attained the biochemical, physiological, and mor

phological characteristics of the adult tissue and are un

able to undergo division under any conditions (i.e., are 

postmitotic), 2) partially differentiated, mitotically ac

tive cells which are constantly undergoing division, provid

ing that the appropriate mitogenic stimulus is present, un

til they become fully differentiated or die, and 3) stem 

cells which are dormant, undifferentiated cells capable of 

re-entering the cell cycle and undergoing division given the 

proper stimulus: these stem cells are self-replicative and 

therefore provide a constant seed population for a particu

lar cell type (James and Bradshaw, 1984). 

The control of cell proliferation is dependent upon 

many factors, including hormones, cell-cell contact, 

nutrient status, extracellular matrix interactions, and 

neural elements (Bradshaw and Rubin, 1980: Rutter, 1978: 

Grinnell, 1983). In addition to these well-documented 
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mediators of cell proliferation, another group of regulatory 

agents collectively referred to as growth factors has 

received considerable attention in the past several years. 

The advent and refinement of cell and tissue culture tech

nology has nurtured an explosion in all aspects of growth 

control research and will undoubtedly continue to facilitate 

the elucidation of central regulatory mechanisms of normal 

and abnormal cell proliferation. 

The Cell Cycle 

Knowledge of eukaryotic cell division kinetics is basic 

to an understanding of growth control. A general model of 

cyclic cell proliferation arose from experiments using 

autoradiography to detect the amount of radioactive 

phosphorus incorporation into cellular deoxyribonucleic acid 

(DNA)" (Howard and Pelc, 1951). In this model, a cell pro

ceeds through four discrete phases of a cycle with each 

division. These phases have been designated G1 (Gap between 

mitosis and DNA synthesis), S (DNA synthesis), G2 (Gap be

tween DNA synthesis and mitosis), and M (Mitosis). The 

duration of each phase of the cell cycle, as well as the 

cell-cycle time itself, varies between cell types as well as 

among the individual cells of a particular type. 

Mitotically active cells are continually progressing 

through the four phases of the cell cycle, whereas most non-

------. "----- ----" 
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proliferating cells are usually arrested in the G1 phase. 

Cells may irreversibly exit the cell cycle in G1 and become 

fully differentiated, relinquishing the capacity to 

proliferate. On the other hand, cells may reversibly exit 

the cycle and become dormant. These undifferentiated stem 

cells can be stimUlated to re-enter the cell cycle at a 

later time, even years later, when specific mitogenic sig

nals are present in their microenvironment. Other cells re

versibly exit the cell cycle due to suboptimal growth condi

tions to become quiescent. Quiescent cells may re-enter the 

cell cycle if appropriate growth conditions are restored or 

they may die if suboptimal growth conditions persist. The 

point in G1 at which normal cell division is blocked is 

called the "restriction point" (Pardee, 1974). The restric

tion point has been localized at S phase minus 2 hours 

(Campisi and Pardee, 1984). Passage through the restriction 

point and subsequent commitment to division requires 

stimUlation of the cell by a specific mitogenic factor(s), 

which may be a low molecular weight nutrient or a macro

molecular serum factor. 

The "competence-progression" model of cell cycle 

regulation is a multi-stage modification of the restriction 

point model (Temin, 1971). This model proposes that a par

ticular growth factor will initiate events committing the 

cell to initiate DNA synthesis (competence), provided a sec-
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ond factor is available for the cell at a later period 

(progression). For example, the lectin phytohaemagglutin 

(PHA) causes a marked increase in size of human T 

lymphocytes and induction of interleukin-2 (IL-2) receptors. 

When PHA-stimulated cells are incubated with "IL-2, cells en

ter S phase (Maizel, et al., 1981) and induction of trans

ferrin receptor synthesis occurs. Binding of transferrin to 

its receptor is then required to complete S phase and pro

ceed through the cell cycle (Troubridge and Lopez, 1982). 

The receptivity of cells for mitogens during initiation of 

the cell cycle is thus dependent upon stimulation by 

specific competence factors which leads to the synthesis of 

receptors for specific progression factors (Paul, 1985). 

Growth Factors 

Normal animal cells in culture require serum for 

growth. Cell growth ceases when a final cell density is 

reached and cells become reversibly arrested in a G1-like 

phase of the cell cycle. This arrest has been attributed to 

contact inhibition by neighboring cells (Lipton, et al., 

1971). However, in many cultures mitotic arrest appears to 

be solely or in part due to depletion of essential serum 

growth factors and/or nutrients (Holley, 1975). For exam

ple, cells which are grown in suspension do not engage in 

direct cell-to-cell contact, yet growth slows and eventually 
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ceases when an upper limiting cell density is reached. When 

stationary cells are rinsed and fresh serum-containing me

dium is added to the cultures, re-entry into the cell cycle 

occurs and cells continue to grow to higher densities (Hol

ley and Kiernan, 1968). Thus, serum contains depletable 

factors that promote cell growth (Paul, et al., 1971). 

Alteration of cellular metabolism, including initiation 

of events leading to mitosis, has long been observed in vivo 

by blood-borne substances called hormones. The classical 

endocrine hormone doctrine states that these regulatory fac

tors are secreted by specific cell types and are transported 

to distant target cells by means of the bloodstream. It is 

also now accepted that growth regulatory factors can be 

released and travel by diffusion to neighboring target 

cells. Several examples of this paracrine mode of regula

tion exist in vivo (i.e. gastrointestinal hormones). Cul

ture of animal cells in vitro has also provided evidence of 

paracrine as well as autocrine growth factor stimulation of 

many cell types. Autocrine interactions, as described by 

Sporn and Todaro (1980), occur when the target cell is the 

same as that producing the growth factor. This concept of 

autostimulation is gaining credence as an important mechan

ism in the control of normal and neoplastic cell propaga

tion. 
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with respect to the classification of growth factors 

according to their mode of transport, the most novel concept 

is that of intracrine regulation. In this model, the target 

cell produces a factor which remains inside the cell and ex

erts its action intracellularly. Two recent studies suggest 

that this mechanism is plausible. Both studies involve mod

ification of the carboxy-terminus coding sequence of known 

growth factors, resulting in the retention of the protein 

product in the endoplasmic reticulum and golgi apparatus. 

While secretion of the protein growth factor is abolished in 

clones in which the modified growth factor gene sequences 

were introduced by retroviral gene transfer, cell growth 

continues and is independent of exogenous growth factor sup

plementation. For example, interleukin-3 (IL-3)-dependent 

hematopoietic cells expressing a mutated IL-3 gene (Dunbar, 

et al., 1989) and normal rat kidney (NRK) cells expressing a 

mutated p28 v-sis (a platelet-derived growth factor-PDGF

like mitogen) gene (Bejcek, et al., 1989) exhibit intracrine 

growth, whereby internal activation of growth factor recep

tors occurs. These novel studies are fascinating indeed, 

and suggest that autostimulation of growth, resulting from 

internal activation by retained growth factors, may be an 

important mechanism in the growth of normal and neoplastic 

cells. 
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There is no single biochemical definition of a growth 

factor. Substances which regulate cell growth include 

polypeptides as well as lipids (Le., steroids, 

prostaglandins). It is generally accepted, however, that 

nutrients (metabolic substrates or cofactors, such as amino 

acids or vitamins) are not included in the category of 

growth factors. Although most growth factors isolated to 

date promote growth, they may have other actions including 

inhibition of growth or promotion of differentiation. Im

portant properties of growth factors are that they interact 

with specific, membrane-bound glycoprotein receptors that 

function as transducers of the signal generated by these ef

fector sUbstances and that they are active at very low con

centrations, some in the picogram range (Gospodarowicz and 

Moran, 1977). 

Polypeptide growth factors have by far received the 

most attention from cell biologists; therefore, the litera

ture abounds with reports describing their biochemistry, 

potential mechanisms of action, and the cellular responses 

they induce. Most polypeptide growth factors have been 

classified or named according to original observations 

regarding their cell of origin (i.e., platelet-derived 

growth factor-PDGF), target cell (i.e., epidermal growth 

factor-EGF, nerve growth factor-NGF, fibroblast growth 

factor-FGF ), cellular effect (i.e., prolactin-Prl, trans-
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ferrin), or the ability to confer the malignant phenotype on 

non-neoplastic cells in culture (transforming growth 

factors-TGFs-a and P). These descriptive names of the 

polypeptide growth factors have been perpetuated in the lit

erature although they are actually misnomers since sub

sequent investigation has revealed that most of these 

regulatory factors are produced by and have effects on a va

riety of cell types and their physiological roles vary ac

cording to the specific cell type in question. 

Molecular characterization of polypeptide growth fac

tors has advanced considerably in the past decade. Analysis 

of amino acid sequences reveals families of polypeptide 

growth factors which are structurally related. A strong 

homology (33%) exists between the amino acid sequences of 

epidermal growth factor and transforming growth factor-a 

(Marquardt and Todaro, 1982) and the binding affinity of 

TGF-a and EGF for EGF receptors is strikingly similiar (As

soian, et al., 1984). When TGF-a interacts with the EGF 

receptor, it mimics the action of EGF in activating a 

receptor-associated kinase, suggesting that the mechanism of 

action of these peptides may be identical (Reynolds, et al., 

1981). Extensive structural homology and receptor cross

reaction also occur in the polypeptide hormone/growth factor 

families of insulin and insulin-like growth factors (IGFs) I 

and II (Rinderknecht and Humbel, 1978; Massaque and Czech, 
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1982) and growth hormone (GH) and Prl (Wallis, 1975). 

Mechanisms of Action of Growth Factors 

Information regarding the mechanisms by which polypep

tide growth factors deliver specific mitogenic signals to 

normal cells continues to emerge. A cascade of in

tracellular events eventually leading to mitosis is in

itiated by the interaction of growth factors with specific, 

high affinity membrane receptors. The subunit structure and 

molecular weights of the receptors for insulin (Pilch and 

Czech, 1980; Yip, et al., 1980), IGF I and II (Massague and 

Czech, 1982; Bhaumick, et al., 1981; Chernausek, et al., 

1981; Kasuga, et al. 1981; Massague, et al., 1981a), NGF 

(Massague, et al., 1981b), EGF (Das, et al., 1977; Hock, et 

al., 1979), PDGF (Glenn, et al., 1982), and TGF-a (Massague, 

et al., 1982) have been determined. All of these receptors, 

except those for insulin and the IGFs, are composed of 

single polypeptide chains. Growth factor receptors may be 

likened to allosteric enzymes that are in an inactive state 

until their ligand binds, which triggers functional activity 

of the receptor. 

Most peptide receptors exhibit three regions or 

domains: 1) the extracellular amino-terminal domain which 

participates in ligand binding, 2) the hydrophobic plasma

membrane spanning domain, and 3) the intracellular carboxy-
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terminal domain. Binding of the growth factor to the ex

tracellular domain induces conformational changes in the 

receptor which allosterically activate the intracellular 

domain, thus leading to changes in cellular metabolism which 

are involved in mitogenic signaling. The intracellular 

domains of several growth factor receptors, including EGF 

and TGF-a (Massague, 1983; Das, et al., 1977; Cohen, et 

al., 1982), PDGF (Glenn, et al., 1982; Heldin, et al., 

1983; Ek, et al., 1982), insulin (Massague, et al., 1980; 

Roth and Cassall, 1983), and IGF I (Perdue, et al., 1983), 

display tyrosine-specific protein kinase activity as a 

result of ligand binding. Modification of protein con

figuration by reversible phosphorylation results in a change 

in the functional state of the protein, which in some cases 

is as simple as turning on or off the enzymatic ability of 

the protein. Proteins phosphorylated during cellular ex

posure to growth factors are believed to be involved in 

events mediating mitosis. Although most cellular protein 

kinases phosphorylate serine or threonine residues in 

proteins, several kinases associated with growth factor 

receptors phosphorylate proteins on tyrosine residues. 

Since tyrosine kinase activity is generally uncommon in the 

cell, with less than 0.1% of protein-bound phosphate at

tatched to tyrosine (Sefton, et al., 1980), the stimulation 

of receptor tyrosine kinase activity by growth factors may 
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playa specific role in mitogenic signalling. 

Growth stimulation can also lead to transiently in

creased diacylglycerol levels (Rittenhouse, 1979) as a 

result of a general increase in phosphatidylinositol turn

over (Ristow, et al., 1980). Binding of certain growth fac

tors to their receptors enhances the kinase activity of 

these receptors. Phosphodiesterase activity increases due 

to phosphorylation, leading to the conversion of 

phosphatidylinositol 4,5-bisphosphate to inositol 

triphosphate and diacylglycerol, which act as second mes

sengers to stimulate calcium release from the endoplasmic 

reticulum and activation of protein kinase c, respectively 

(Nishizuka, 1984). Protein kinase C activation and calcium 

mobilization are common events in the stimulation of cell 

proliferation, suggesting again that phosphorylation of cel

lular proteins is an important step in the cascade of events 

leading to mitosis. 

Modulation of ion fluxes, particularly activation of 

amiloride-sensitive Na+/H+ exchange leading to intracellular 

alkalinization and increased intracellular Na+ concentra

tion, follows the binding of a variety of growth factors to 

their receptors (Grinstein and Rothstein, 1986; Moolenaar, 

1986; Seifter and Aronson, 1986). Other early consequences 

of growth factor-receptor interaction include a transient 

rise in cytoplasmic free calcium (Owen and Villereal, 1983; 
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Moolenaar, et al., 1984), stimulation of enzyme and other 

protein synthesis, alteration of gap-junction mediated in

tercellular communication (Madhukar, et al., 1989), and the 

temporary expression of several genes including actin, RNA 

polymerase II (Rossini, et al., 1980), a-feto protein 

(Arnold, et al., 1984), dihydrofolate reductase (Reich and 

Levine, 1984), and histones (Plumb, et al., 1983; De Lisle, 

et al., 1983). Further studies on mitogenic signalling are 

needed to determine which of the metabolic events induced by 

a specific growth factor are prerequisite for cell division. 

The biochemical and physiological actions of most of 

the growth factors currently under study have been dis

covered in cells cultured in vitro. However, the majority 

of growth factors, including EGF, PDGF, insulin and the 

IGFs, erythropoietin, NGF, and FGF were initially isolated 

from animal or human serum, urine, or tissues (Gospodarowicz 

and Moran, 1977). Because polypeptide growth factors are 

active at such low concentrations and they interact specifi

cally with cell surface receptors on selected cells, it is 

likely that these factors are physiologically significant, 

natural macromolecules that control the growth of mammalian 

cells in vivo (Holley, 1975). Therefore, clarification of 

the stimuli for growth factor synthesis as well as mechan

isms of action of growth factors in cultured cells will un

doubtedly have applications for the enhancement or restric-
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tion of cellular proliferation in the organism. 

Growth Regulation of Malignant Cells 

The Malignant Phenotype 

The proliferation of normal cells is regulated by vari

ous growth factors present in serum and intercellular fluids 

of the organism. In contrast, malignant cells escape 

normal, stringent growth control mechanisms (Holley, 1975). 

Malignant neoplasms, or cancers, differ from benign 

neoplasms in that they usually grow more rapidly, can invade 

and destroy adjacent normal tissue, and can metastasize 

through lymphatic or blood vessels to other tissues of the 

body (Rudden, 1987). Malignant transformation involves the 

conversion of normal cells to those exhibiting abnormalities 

in growth regulation and cellular appearance as well as the 

ability to produce invasive tumors in appropriate animal 

hosts. 

Malignant cells tend to grow to very high cell 

densities in culture whereas, under identical conditions, 

growth of their normal counterparts is limited by the supply 

of growth factors in the medium. In fact, some malignant 

cells seem to have lost their requirements for exogenous 

growth factors completely (Holley and Kiernan, 1968; Paul, 

et al., 1971; Rudland, et al., 1974) while others have 
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level than normal cells (Pollock, et al., 1971). 
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This decreased dependency of malignant cells in culture 

for serum or specific growth factors is accompanied by one 

or more of the following properties: 1) cytologic changes 

including increased cytoplasmic basophilia, increased number 

and size of nuclei, and an increase in the 

nuclear:cytoplasmic ratio (reflecting a poorly differentia

ted morphology), 2) the ability of cells to be passaged in 

culture indefinitely (immortality), 3) loss 'of density de

pendent inhibition, which may be a direct result of lower 

serum growth factor requirements, 4) loss of anchorage de

pendence and increased ability to grow in soft agar, 5) 

changes in cell membrane structure including increased ag

glutinability in response to plant lectins, alterations in 

the composition of cell surface glycoproteins and 

glycolipids, and the appearance of tumor-associated 

antigens, 6) alterations in enzyme levels including in

creased levels of certain proteases and enzymes involved in 

nucleic acid synthesis, and 8) production of certain growth 

factors, some of which are involved in autostimulation (Rud

don, 1987). 
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The Genetic Basis of Cancer: Oncogenes 

Origins of the Oncogene Hypothesis of Transformation 

Many cancer biologists seek to determine the causes of 

transformation of normal cells to malignant state. Genetic 

analysis indicates that most cancers arise from a single 

clone of cells (i.e., are monoclonal), the precursor of 

which has been transformed by a carcinogen (Nowell, 1976). 

Almost all cancers arise in renewing cell populations where 

pluripotent stem cells, capable of self-renewal, give rise 

to mature, differentiated end cells throughout the life of 

the host (i.e. bone marrow, intestinal epithelium) (Phil

lips, 1987). A model of carcinogenesis proposed by Moolgav

kar and Knudson (1981) suggests that mutagenesis of stem 

cells or transitional cells in renewing tissues gives rise 

to tumor stem cells, which are themselves capable of self

renewal as well as rapid proliferation and differentiation. 

Thus, tumors have their own seed population of malignant 

stem cells and therefore, they represent a deleterious 

renewing cell popUlation with high proliferative potential. 

Carcinogenic agents may be grouped into one of three 

categories: chemical, physical (radiation), and viral. All 

of these agents can cause genetic alterations in exposed 

cells (Ames, 1983). In some types of cancers a hereditary 

predisposition exists, and for nearly every type of common 
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malignancy familial clustering has been reported. In some 

cases, chromosomal instability and defects in DNA repair me

chanisms are characteristic of syndromes which predispose to 

malignancy. Characteristic nonrandom chromosomal changes 

involving chromosome number and specific gene loci have been 

described for over one hundred human cancers (Ruddon, 1987). 

These data suggest that carcinogenesis results from genetic 

mutation. 

In 1969, Huebner and Todaro proposed a theory which 

unified evidence suggesting that cancer was genetic in 

origin. They proposed that cellular genes responsible for 

regulation of normal growth and development could be 

altered, resulting in the aberrant growth which character

izes malignant cells. Such cancer causing genes were called 

oncogenes, and the oncogene hypothesis of transformation 

arose. 

Long before the oncogene hypothesis of transformation 

was conceived, the stage was 'set for oncogenic research by 

Peyton Rous's discovery of a cancer causing virus in 1911. 

Rous observed that cell-free filtrates of chicken sarcomas 

could induce sarcomas in other chickens, and these filtrates 

were later shown to contain viral material. The Rous sar

coma virus has become the prototype of RNA tumor viruses 

(retroviruses). In the 1930's, it was established that a 

single Rous sarcoma virus particle was capable of infecting 
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a normal cell, leading to transformation of ~he cell. Since 

these early studies, numerous retroviruses have been shown 

to induce malignant as well as nonmalignant diseases. 

Rous's pioneering work was honored in 1966 when he was 

awarded a Nobel prize. 

A pivotal discovery establishing the validity of the 

oncogene hypothesis also involved the Rous sarcoma virus and 

netted innovative investigators Drs. Michael Bishop and 

Harold Varmus a Nobel prize in Medicine and Physiology in 

1989. In 1976, they and their co-workers discovered that 

normal, uninfected, nonmalignant avian cells contain se

quences homologous to the transforming gene src of the Rous 

sarcoma retrovirus (Spector, et al., 1978). These normal 

gene sequences \>lere designated proto-oncogenes, and sub

sequently a number of vertebrate as well as invertebrate 

cells were shown to contain proto-oncogene sequences related 

to retroviral oncogenes. As defined by Bell (1988), a 

proto-oncogene: 1) is a eukaryotic gene that is highly con

served throughout evolution, 2) codes for a protein that 

plays an integral role in the networks which control normal 

growth and differentiation, and 3) upon mutation or dele

tion (i.e. conversion to an oncogene) contributes to the 

generation of malignancies. Although proto-oncogene expres

sion can occur in untransformed cells, expression usually 

occurs at a lower level and/or is more strictly regulated 
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than viral oncogene or proto-oncogene expression in malig

nant cells. simple overexpression of a proto-oncogene may 

be sUfficient for transformation, although other alterations 

such as structural mutation of the proto-oncogene protein 

product may be necessary. 

The transformation of normal cells by retroviruses oc

curs by reverse transcription of viral RNA and the sub

sequent integration of the foreign oncogenic DNA into the 

host genome. Since retroviral oncogenes share sequence 

homology with normal cellular genes (proto-oncogenes), it is 

hypothesized that during evolution RNA viruses incorporated 

normal cellular DNA that had been altered, perhaps by an ex

ogenous carcinogen, to produce oncogenic viruses. This 

hypothesis would explain the known sequence homology of 

viral oncogenes to cellular proto-oncogenes. This 

hypothesis would also yield a common denominator among the 

apparently dissimiliar mechanisms of transformation employed 

by retroviruses and physical or chemical agents; that is, 

transformation occurs via activation of oncogene exp"ression, 

whether by introduction of foreign oncogenic DNA into the 

cell by viruses or activation of latent endogenous cellular 

proto-oncogenes by chemical or radiation carcinogenesis. 

oncogene Families 

More than 20 oncogenes have been discovered and new on-
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cogene sequences continue to be identified and character

ized. Many of the known oncogenes exist as families of re

lated sequences that have been derived from a small number 

of ancestral genes. For example, the src gene family in

cludes the oncogenes mos, raf, erb-B, yes, and abl (Mark and 

Rapp, 1984). similiarly, a large family of ras-related on

cogenes including Harvey ras, Kirsten ras, neuroblastoma

derived ras, and rho appear to have diverged from a common 

ancestral gene hundreds of millions of years ago (Madaule 

and Axel, 1985). Along with the sequence homology of on

cogenes within a family, the products of familial oncogenes 

are also related with respect to function. For example, the 

products of the src oncogene family have tyrosine kinase ac

tivity. Growth factor-like activity is a common feature of 

sis family oncoproducts, while other products of oncogene 

families have growth factor receptor domains (erb-B), DNA

binding activity (myc and myb), RNA-binding activity (mil), 

or guanine-nucleotide-binding activity (ras) (Mark and Rapp, 

1984; Madaule and Axel, 1985). 

Activation of Cellular Oncogenes 

Among the mechanisms that could potentially lead to ac

tivation of cellular oncogene expression during car

cinogenesis are gene rearrangements, gene amplification, 

and mutation of cellular oncogene coding sequences. Dis-
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tinct chromosomal abnormalities are known to occur in a num

ber of human cancers. Characteristic, nonrandom gene rear

rangements occur in the pediatric B cell lymphoma, Burkitt's 

lymphoma. The cellular oncogene frequently translocated in 

Burkitt's lymphoma is mvc; the reciprocal translocation of 

chromosomes 8 and 14 moves mvc to a site near the constant 

region of the immunoglobin heavy-chain, thus leading to its 

derepression (Zech, et al., 1976). 

Cellular oncogene (c-onc) amplification (increase in 

gene copy number per cell) usually results in increased on

cogene transcription and increased protein product 

synthesis. Gene amplification may occur in normal cells in 

response to metabolic stresses, including the circumvention 

of inhibition by cytotoxic drugs during the development of 

drug resistance, or during certain stages of differentia

tion. The first reported oncogene amplification was for mvc 

in a cultured human promyelocytic leukemia cell line (Dalla 

Favera, et al., 1982) and subsequently this oncogene and 

others have been shown to be amplified in a number pf vari-' 

ous tumor cell types. In the case of neuroblastoma-derived 

c-mvc, the degree of amplification is correlated with the 

stage of the disease (Brodeur, et al., 1984), suggesting 

that cellular oncogene activation may be more related to 

tumor progression than to initiation. since most tumor cell 

biology is conducted in vitro, oncologists must take into 
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account the fact that cell culture conditions may select for 

tumor cells with amplified oncogenes since many oncogene 

products promote growth. 

Somatic mutations of cellular oncogene sequences by 

nucleotide point mutations such as substitutions, deletions, 

or insertions can result in the "turning on" of c-onc genes. 

Early reports that a single base change in the cellular 

Harvey-ras oncogene in a human bladder carcinoma cell line, 

resulting in a single amino acid sUbstitution in the ras 

protein product thus conferring transforming biological ac

tivity to the ras protein, provided the first evidence that 

a simple change in an oncogene sequence could be a mechanism 

of activation of a cellular oncogene or its product (Tabin, 

et al., 1982; Reddy, et al., 1982). Mutagenesis resulting 

in a single amino acid sUbstitution of an oncogene product 

may change normally inactive oncogene products into trans

forming proteins by altering the tertiary structure of the 

polypeptide, the binding affinity of the polypeptide to an 

extracellular or intracellular ligand, or the enzymatic ac

tivity of the polypeptide. Both chemical carcinogens and 

ultraviolet radiation can induce genetic mutations resulting 

in oncogene activation and the subsequent transformation of 

normal cells. 
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Mechanisms of Action of Oncogene Products 

As mentioned previously, oncogenes may be grouped into 

categories based on the biochemical function or location of 

their protein products. The four major categories of on~ 

cogene products are: 1) tyrosine-specific protein kinases, 

2) proteins with GTP-binding ability, 3) nuclear proteins 

with DNA-binding ability, and 4) growth factors and growth 

factor receptors. 

It has been known since the late 1970's that the src 

oncogene product is a plasma membrane-associated cAMP

independent kinase which specifically phosphorylates 

tyrosine residues of cellular proteins (Hunter and Sefton, 

1980). The oncogenic properties of v-src are dependent upon 

the enzymatic activity of this kinase. Although several 

cellular substrates for src protein kinase activity have 

been identified, it is not known which is (are) the key sub

strate(s) for the transforming activity of src. This is 

true for the products of other proto-oncogenes with tyrosine 

kinase activity, including abl, yes, fps,' fes, and' others 

(Burck, et al., 1988). The uncommon event of tyrosine 

phosphorylation of proteins by these oncogene products is 

shared by several growth factor receptors, thus providing a 

physiological link between these two groups of growth 

modulators. As elucidated below, the activation of several 

other intracellular events are shared by oncogene products 
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and growth factors, their receptors, or post-receptor sys

tems, suggesting that the stimulation of cellular prolifera

tion by growth factors and oncogenes is similar. 

Some oncogene products with tyrosine kinase activity, 

including src and ros, can stimulate the phosphorylation of 

phosphatidylinositol (sugimoto, et al., 1984; Macara, et 

al., 1984). In fact, oncogene products with growth factor 

(sis) or growth factor receptor activity (erb-B) as well as 

GTP-binding ability (ras) also regulate phospholipid turn

over. This is not surprising since phosphatidylinositol 

turnover is a common cellular response to hormones and 

growth factors which enhance proliferation and evidence sug

gests that oncogenes capitalize on normal cellular processes 

in their transforming activity. 

The ras family of oncogenes encode a group of closely 

related proteins that localize in the plasma membrane and 

bind guanine nucleotides, have guanosine triphosphate (GTP)

ase activity, and have amino-terminal sequence homology with 

G proteins involved in hormone and growth factor signal

transducing activity in a variety of tissues (Manne, et al., 

1985; Hurley, et al., 1984). Proteins that bind guanine 

nucleotides (G proteins) are involved in the transduction of 

mitogenic signals generated by neurotransmitters, hormones, 

and growth factors binding to their cell surface receptors 

(Birnbaumer, et al., 1987). The ras protein product, p21, 
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may also be involved in mitogenic stimulation since micro

injection of p21 induces DNA synthesis (Feramisco, et al., 

1984) A major class of G regulatory proteins is involved in 

the activation of adenylate cyclase and the subsequent 

formation of cAMP, an intracellular second messsenger which 

in turn can activate protein kinases. The ras p21 protein 

has the ability to activate adenylate cyclase in yeast, 

thereby providing an attractive hypothesis for the trans

forming activity of p21; but p21 does not activate mam

malian adenyl ate cyclase, suggesting that another mechanism 

is responsible for the transformation of mammalian cells by 

ras (Beckner, et al., 1985). 

The myc, myb, and fos oncogene products are located in 

the cell nucleus and may function as chromatin-activating 

proteins following mitogenic stimulation. For example, PDGF 

induces the rapid expression of c-myc and c-fos genes 

(Armelin, et al., 1984; Kruijer, et al., 1984). Expression 

of c-myc is also enhanced in resting Band T lymphocytes 

after exposure to appropriate mitogens (Kelly, et al.~ 

1983). Expression of these oncogenes is related to the cell 

cycle, suggesting that the products of these oncogenes are 

necessary for travers ion from G1 into the S phase of the 

cell cycle (Watt, et al., 1985; Thompson, et al., 1986). 

Much work remains to be done on the characterization of 

nuclear oncogene function and the regulation of cell growth 
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by these oncogenes. 

In 1983, two reports provided evidence that the simian 

sarcoma viral sis oncogene product shared sequence homology 

with PDGF and could directly stimulate cell proliferation 

(Doolittle, et al., 1983; Waterfield, et al., 1983). The 

cellular homologue of the v-sis oncogene is present in the 

human genome as a single gene and it is thus likely that the 

simian sarcoma virus (SSV) or one of its ancestors in

corporated the normal cellular gene encoding for PDGF. This 

discovery ignited and fueled the autocrine hypothesis of 

neoplastic transformation which suggests that continual pro

duction of and response to a growth factor-like oncogene 

product could account for the malignant phenotype induced by 

the activation of a cellular oncogene(s). SSV-transformed 

cells in culture do, in fact, satisfy currently established 

criteria for autocrine growth stimulation. Cell lysates or 

conditioned medium of cultured SSV-transformed cells contain 

a PDGF-like mitogenic factor (Deuel, et al., 1983; Huang, 

et al., 1984) that can be partially neutralized by anti-PDGF 

antibodies (Deuel, et al., 1983). This PDGF-like product 

binds to cells with PDGF receptors, this binding is competi

tive with PDGF, and anti-PDGF antibodies inhibit the growth 

of high-PDGF producing Ssv-transformed cell lines (Huang, et 

al., 1984) 

A second pivotal link between oncogenes and growth fac-
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tors came in 1984 when Downward and colleagues reported that 

a major portion of the EGF receptor protein was identical to 

the transforming protein of the erb-B oncogene of avian 

erythroblastosis virus. It is now widely accepted that the 

v-erb-B oncogene encodes a truncated EGF receptor, deficient 

in the cell surface domain associated with ligand binding 

but endowed with the transmembrane and cytoplasmic tyrosine 

kinase domains. Due to its unique structure, the v-erb-B 

oncogene could transform cells through chronic, constitutive 

receptor function in the absence of ligand binding, although 

the transforming activity of this protein is not yet estab

lished. 

In addition to the early discoveries of sis and erb-B, 

other oncogenes have also been found to encode growth 

factor-like or growth factor receptor-like proteins. Among 

these are mos, which has sequence homology with the precur

sor of EGF, pro-EGF (Baldwin, 1985), neu, which encodes for 

a glycoprotein sharing sequences with the erb-B protein and 

the EGF receptor (Schecter, et al., 1984), fros, the product 

of which is closely related to the receptor for macrophage 

colony stimulating factor, CSF-1 (Sherr, et al., 1985), and 

ros, the product of which is 30-40% homologous with the in

sulin receptor (Ullrich, et al.., 1985). The products of 

erb-B, neu, fms, and ros all possess tyrosine kinase ac

tivity, which may be involved in their mechanisms of trans-
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formation. Another family of oncogenes coding for proteins 

similiar to steroid hormone receptors, including the human 

glucocorticoid and estrogen receptors (v-erb-A) and thyroid 

receptors (human c-erb-A), is emerging and studies will un

doubtedly continue to determine whether these nuclear on

cogene products transform normal cells by mimicking the 

transcriptional enhancement action of normal cellular 

steroid hormone receptors in response to ligand binding 

(Green and Chambon, 1986). 

A small number of other growth factors produced by both 

normal and neoplastic cells could potentially be exposed as 

relatives of cellular oncogenes. TGF-a, for example, is an 

EGF-related polypeptide which has been shown to bind and ac

tivate EGF receptors. since TGF-a has been found in a vari

ety of virally transformed cells as well as in normal cells, 

it is tempting to postulate that overexpression of a TGF-a

like oncoprotein could lead to neoplastic transformation by 

autocrine stimulation of cells possessing EGF receptors. 

TGF-p, which differs in structure and function from TGF-a, 

can stimulate or inhibit growth depending on the cell type 

(Roberts, et al., 1985; Sporn, et al., 1986). This growth 

regulatory protein is also found in a variety of normal and 

neoplastic tissues. In cells whose growth is inhibited by 

TGF-p, loss of TGF-p action by mutation or dysfunction of 

genes encoding TGF-p or its receptor could contribute to 
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transformation by elimination of normal growth restriction. 

This scenario of transformation by inactivation of a 

hypothetical TGF-~ proto-oncogene would be analogous to the 

classic deletion of tumor suppressor genes which occurs in 

retinoblastoma (Dryja, et al., 1986). 

IL-2 is an autocrine and paracrine T lymphocyte growth 

factor produced by normal cells in response to plant lec

tins. Both normal and neoplastic T cells have receptors to 

IL-2 and can respond to exogenous IL-2 by proliferating 

(Smith, 1984). The tat gene from human T cell leukemia 

virus I promotes increased expression of both IL-2 and its 

receptor, presumably giving infected cells a growth ad

vantage. An IL-2-related protein may, therefore, be a prime 

candidate for an oncogene product involved in the genesis of 

T cell lymphomas or leukemias via an autocrine process. 

The majority of oncogene products, whether they are re

lated to growth factors or growth factor receptors or act 

intracellularly as components of normal second messenger 

systems, participate in normal cell growth mechanisms thqt 

have become aberrant. As the transformation from normalcy 

to malignancy occurs, cells appear to progress from a state 

of dependency on exogenous growth stimulatory signals to a 

state of automony, in which growth will be perpetual as long 

as basic nutrients are available. Although science has 

failed to create a perpetual clock, nature may have devised 
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an elegant self-sustaining system of regeneration in the 

malignant cell; ironically, the extraordinary neoplastic 

transformation that potentially guarantees the life of a 

cell and its progeny frequently results in the mortal demise 

of its host. 

The Autocrine Hypothesis of Neoplastic Transformation 

The Relationship of Oncogenes to Growth Factors: 

Autostimulation of Growth 

Malignant cells usually exhibit a reduced requirement 

for or absolute independence from serum growth factors in 

vitro. As indicated above, the products of many oncogenes 

exploit established, normal, cellular growth stimulatory 

pathways as their mode of action. Thus, many oncogenes con

fer growth autonomy on transformed cells, enabling them to 

produce and respond to their own growth factors, growth fac

tor receptors, or intracellular mitogenic second messengers. 

In turn, a striking consequence of growth factor stimulation 

is induction of cellular oncogene expression (a vicious 

cycle?). The ability of cells to stimulate their own growth 

without reliance on exogenous growth stimulators is known as 

autostimulation, and the ability of cells to respond specif

ically to their own secreted growth factors is autocrine 

stimulation. Thus, autocrine growth stimulation, resulting 
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from production of oncogene-derived polypeptide growth fac

tors, would release cells from external regulation and is a 

hypothetical mechanism or co-mechanism of transformation. 

Evidence for the Involvement of Autocrine Processes in 

Transformation 

Research concerning autocrine growth regulation has ex

ploded over the past few years, providing much circumstan

tial and direct evidence to support the involvement of 

autocrine processes in transformation. Much of this re

search began earlier in the decade, but has been impeded due 

to the laborious tasks of polypeptide growth factor 

purification and the verification of simultaneous growth 

factor secretion and response. Nearly all autocrine regula

tion research begins with simple conditioning of serum-free 

medium by malignant cells grown in vitro. Prior to assaying 

for growth modulatory activity, this conditioned medium may 

be manipulated by concentrating, desalting, and/or frac

tionating. If conditioned medium does alter proliferation 

rate, proof must be established that the same cellsproduc

ing the growth factor possess functional receptors for the 

putative growth factor. Proteinaceous growth factors whose 

autocrine mechanism of action in cancer cells has been es

tablished are TGF-a, TGF-~, PDFG, and bombesin. These pep-



tides elicit a mitogenic response by binding to distinct 

membrane receptors, which in turn activates intracellular 

signal transduction 
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TGF-a was the first autocrine growth factor identified 

(Roberts, et al., 1983). The TGFs are small polypeptides 

that when added to untransformed cells induce anchorage

independent growth and a transformed phenotype (De Larco and 

Todaro, 1978a). The transforming ability of these growth 

factors is dependent upon culture conditions such as ex

ternal supply of growth factors (Assoian, et al., 1984) and 

extracellular matrices (Ignotz and Massaque, 1986). The 

TGFs are not the only class of growth factors that can in

duce the malignant phenotype; PDGF can also stimulate the 

anchorage-independent growth of nonmalignant cells in the 

presence of serum (Kaplan and Ozanne, 1983; Anzano, et al., 

1986). Furthermore, when EGF receptors are introduced into 

normal murine fibroblasts, they develop anchorage

independent growth and the ability to form tumors in nude 

mice when exposed to EGF or TGF-a (De Fiore, et al., 1987; 

Velu, et al., 1987). The observation that several growth 

factors produced by malignant cells can transform normal 

cells suggests that they play a role in the development and 

maintenance of the malignant phenotype via autocrine mechan

isms. 

TGF-a was initially isolated from extracellular media 
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of rat and mouse cells transformed by Moloney and Kirsten 

sarcoma viruses (De Larco and Todaro, 1978b; Ozanne, et 

al., 1980). Much data indicates that TGF-a is produced by 

several human tumor cell lines (Todaro, et al., 1980; Mar

quardt and Todaro, 1982; Halper and Moses, 1983; Richmond, 

et al., 1983) and the autocrine action of this growth factor 

plays an important role in the malignant behavior of these 

cells. As alluded to previously, TGF-a shares sequence 

homology with EGF and all of the actions of TGF-a are 

thought to be mediated through binding to the EGF receptor. 

Indirect evidence for the participation of TGF-a and EGF in 

the transformation of human kidney tissue exists from com

parisons of TGF-a and EGF receptor mRNA levels in normal and 

neoplastic kidney specimens (Mydlo, et al., 1989). In

creased levels of both TGF-a and EGF receptor mRNA in kidney 

tumors compared to normal kidney tissue suggests that an in

teraction between TGF-a and the EGF receptor plays a role in 

promoting proliferation and/or transformation in kidney 

neoplasms by an autocrine mechanism. EGF may itself act as 

an autocrine growth factor, since introduction and expres

sion of the EGF gene in murine fibroblasts leads to the dis

play of characteristics of transformed cells in culture in 

the absence of exogenous EGF as well as the ability to form 

tumors in nude mice (stern, et al., 1987). 

TGF-~ is far more ubiquitous than TGF-a, having been 
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identified in a variety of normal and neoplastic tissues 

both in vitro and in vivo. Like TGF-a, TGF-p is elevated in 

conditioned medium of murine sarcoma cells transformed by 

Moloney or Harvey viruses and has been purified to 

homogeneity from several neoplastic as well as nonneoplastic 

tissues (De Larco and Todaro, 1978b). TGF-p can act as ei

ther a stimulator or an inhibitor of growth, depending on 

experimental conditions and the cell type assayed. Most 

normal cells, especially epithelial cells, as well as many 

malignant cell types are inhibited by TGF-p whereas TGF-p 

acts as a mitogen in mesenchymal cells (Keski-oja, et al., 

1987). Chemically transformed mouse embryo-derived cell 

lines release a TGF-p-like polypeptide into serum-free me

dium and this peptide can also stimulate the growth of these 

same cells (Moses, et al., 1981). 

The hypothesis that TGF-p contributes to genesis of the 

malignant phenotype via autocrine mechanisms may be too 

simplistic since TGF-p is produced by normal cells and par

ticipates in the regulation of non-neoplastic conditions in

cluding wound healing, fibroblast chemotaxis, angiogenesis 

promotion, and production of connective tissue components 

(Keski-Oja, et al., 1987). Roberts, et al. suggest that the 

role of TGF-p in the growth and development of tumors is 

more likely related to its effects on surrounding cells 

rather than on the tumor cells themselves (1988). Alterna-
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tively, TGF-p could act synergistically with other growth 

factors to promote growth of the tumor tissue itself, since 

TGF-p requires TGF-a (or EGF) to stimulate normal rat kidney 

(NRK) cell growth in agar. 

The most compelling evidence linking the autocrine 

hypothesis of transformation with oncogenes comes from 

studies of cells infected with the simian sarcoma virus 

(SSV) (Leal, et al., 1985). The transforming oncogene pro

duct of SSV, p28, shares sequence homology with the beta 

chain of PDGF and is secreted by SSV-transformed cells 

(Waterfield, et al., 1983; Devare, et al., 1983; Johnsson, 

et aI, 1984). Addition of anti-PDGF antisera to SSV

transformed rodent tumor cells blocks receptor binding and 

cell growth; thus, the synthesis and response of SSV

transformed cells to PDGF appears to be a primary requisite 

in the malignant growth of these cells. This postulate is 

corroborated by the observation that the growth of SSV

transformed cells as xenografts in nude mice is correlated 

with the production and release of PDGF-related peptides; 

transformed cells that secrete high amounts of PDGF form 

large tumors whereas transformed cells that secrete low 

amounts of PDGF form small tumors (Deuel, et al., 1983). 

Evidence for the self-stimulation of cancer cell growth 

by PDGF has also been found in several other transformed 

cell lines. For example, the human osteosarcoma-derived 
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cell line U-20-S secretes a mitogenic peptide similiar to 

PDGF and the cells no longer require exogenous PDGF for 

growth in culture (Heldin, et al., 1980). Similiarly, PDGF 

has been found in medium conditioned by human glioma cells 

and rhabdomyosarcoma cells (Betzholtz, et al., 1983; 

Nister, et al., 1984). 

Bombesin is a small tetradecapeptide secreted by human 

small cell lung cancer cells (Moody, et al., 1981). These 

cancer cells have functional high affinity receptors for 

bombesin (Moody, et al., 1983), and monoclonal antibodies to 

this peptide inhibit the binding of bombesin to its receptor 

and inhibit the growth of small cell lung cancer cell lines 

in vitro as well as the growth of xenografts of these cells 

in nude mice (cuttitta, et al., 1985). 

The lymphokine IL-2 has been implicated in the 

autocrine growth of malignant immune cells. For example, 

the T cell lymphoma line IARC 301 constitutively synthesizes 

and secretes IL-2 and expresses high affinity cell surface 

receptors for IL-2. Monoclonal antibodies to either IL-2 or 

the IL-2 receptor bloc]c IARC 301 cell growth, suggesting 

that the proliferation of this tumor cell line requires 

autocrine secretion of IL-2 (Duprez, et al., 1985). Inter

estingly, another autocrine growth factor for transformed 

lymphoid cells may be tumor necrosis factor-p (TNF-P). The 

human lymphoblastoid B cell line RPMI-6410t secretes TNF-P 
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into its medium; addition of conditioned medium to this 

cell line stimulates cell growth whereas addition of 

antiserum to TNF-# abolishes the growth activity of this me

dium (Seregina, et al., 1989). 

Transferrin, an iron-transporting glycoprotein, may 

also elicit growth via autocrine mechanisms. Serum-free 

conditioned medium from dense cultures of the Reuber H-35 

rat hepatoma cell line exhibits potent growth stimulating 

activity in H-35 cultures plated at a low density. Trans

ferrin is immunoprecipitated from H-35 conditioned medium by 

antisera against rat serum transferrin and addition of anti

transferrin antibody decreases cell growth, suggesting that 

part of the autocrine growth promoting activity of H-35 con

ditioned medium is due to transferrin (Shapiro and Wagner, 

1989). 

Hormone-responsive breast cancers may also exhibit 

autocrine growth control. In response to estradiol, eleva

tion of IGF II mRNA in the breast cancer cell line T-47D oc

curs and exogenous IGF II is mitogenic for this cell line 

(Yee, et al., 1988). Production of TGF-a and IGF I in

creases in the human breast cancer cell line MCF-7 when 

estradiol is added to cell cultures (Dickson, et al., 1986). 

Serum-free conditioned medium obtained from MCF-7 cultures 

treated with estradiol induces tumor formation by MCF-7 

cells in nude mice, suggesting that a secreted autocrine 
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growth factor(s) is (are) able to replace estrogen itself in 

MCF-7 cell growth (Dickson, et al., 1986). Therefore, the 

mitogenic activity of estradiol may be mediated in part or 

entirely by hormone-induced autocrine growth factor "second 

messengers". 

Autocrine growth stimulation may occur by mechanisms 

other than enhancing the concentration of a growth factor 

released. For example, cellular responsiveness to a growth 

factor may be augmented by increases in the number or bind

ing affinity of the growth factor receptor. A SUbstantial 

proportion of epithelial tumors express increased numbers of 

EGF receptors on their cell membranes (Ozanne, et al., 1986; 

Cowley, et al., 1986; Gullick, et al., 1986). The 

epidermoid carcinoma cell line A431, for example, displays a 

population of EGF receptors with extremely high affinity for 

the ligand (Kawamoto, et al., 1983; Gregoriou and Rees, 

1984). These receptors are physiologically important, be

cause monoclonal antibodies to them inhibit the prolifera

tion of A431 cells in culture as well as their growth in 

vivo in athymic nude mice (Masui, et al., 1984). Also, 

cells which express the v-erb-B oncogene display truncated 

EGF receptors that no longer require ligand binding for ac

tivation (Downward, et al., 1984). Another example of an 

oncogene which codes for a protein similiar to a growth fac

tor receptor and may represent a permanently activated form 
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of that receptor is fms, whose product is similiar to the 

CSF-1 receptor (Wheeler, et al., 1986). Receptor ab

normalities may also be important in adult human T cell 

leukemias. Several reports suggest that unregulated expres

sion of receptors for IL-2 may contribute to leukaemogenesis 

(Gallo and Wong-Staal, 1982; Yodoi, et al., 1983; Wald

mann, et al., 1984). 

Autostimulation may also be manifest by malignant cell 

production of molecules involved in post-receptor signal 

transduction pathways that generate a mitogenic response. 

Those sets of oncogene products which are similar to G 

proteins or have tyrosine kinase activity are candidates for 

such mediators of autostimulation of malignant cells. 

Loss of Negative Autocrine Regulation in Malignant Cells 

Recent evidence suggests that cell growth can not only 

be stimulated by autocrine secretion, but can also be in

hibited. The most studied autocrine growth factor with the 

potential to exert growth inhibition is TGF-~. TGF-~ was 

first identified as a negative autocrine growth regulator in 

monkey kidney epithelial cells (Holley, et al., 1980; Tuck

er, et al., 1984a); confluent monkey kidney cells release 

TGF-~, have receptors for TGF-~ (Tucker, et al., 1984b), and 

respond to TGF-~ with an inhibition of growth. TGF-~ is 

also an autocrine growth inhibitor for lymphocytes; both B 



and T lymphocytes produce TGF-~, have TGF-~ receptors, and 

are inhibited by TGF-~ (Kerhl, et al., 1986a, 1986b). 
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Interestingly, some types of normal cells are inhibited 

by TGF-~ while their malignant counterparts are insensitive 

to TGF-~. TGF-~ mediated growth inhibition of normal cells 

may have arisen during evolution as a process designed to 

keep normal growth in check, whereas some neoplastic cells 

may have lost all or some of their responsiveness to this 

and other autocrine inhibitory factors. This loss of 

response could occur via several mechanisms: 1) loss of 

ability to produce autocrine inhibitors, 2) loss of ability 

to activate latent inhibitors, such as the activation of 

latent TGF-~ by acid, 3) loss of receptors to autocrine in

hibitors, and 4) disruptions in intracellular processes in

itiated by autocrine inhibitor binding to receptors. 

Normal keratinocytes are inhibited by TGF-~, whereas a 

squamous cell carcinoma cell line has lost its inhibitory 

response to this factor; thus, escape from TGF-~ inhibition 

could explain the enhanced proliferative potential of this 

malignant cell line (Shipley, et al., 1986). A549 lung car

cinoma cells secrete latent TGF-~ but do not activate it and 

are not inhibited by it even though the addition of ex

ogenously activated TGF-~ inhibits their growth (Wakefield, 

et al., 1987). Retinoblastoma cells, in contrast to normal 

retinal cells, lack TGF-~ receptors and are not inhibited by 
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TGF-# (Kimchi, et al., 1988). While TGF-# inhibits normal 

rat kidney (NRK) cell growth, it enhances the EGF-induced, 

serum-free monolayer growth of the tumorigenic NRK-PT14 cell 

line; this anchorage-independent growth is also shown to be 

dependent upon secreted TGF-# (Nugent, et al., 1989). These 

studies suggest that the autocrine transformation of NRK

PT14 cells by TGF-# may result directly from the acquisition 

of an altered sensitivity to this growth factor. 

Production of inhibitory TGF-# may be dependent upon 

exogenous growth modulation. For example, treatment of MCF-

7 human breast cancer cells in culture with the mitogen 

estradiol induces autocrine stimulatory growth factor pro

duction of TGF-a and IGF I, whereas treatment with anti

mitogenic antiestrogens such as tamoxifen induces production 

of the inhibitory autocrine factor, TGF-# (Dickson, et al., 

1986; Knabbe, et al., 1987). Hence, the inhibitory effect 

of tamoxifen may in part be mediated by TGF-#. 

As discussed above, transferrin may be an autocrine 

growth stimulatory factor. Research conducted on a T 

lymphoma cell line from a patient with Sezary syndrome indi

cates that these cells produce a transferrin-like autocrine 

growth stimulator that inhibits the growth of normal T 

lymphocytes (Morrone, et al., 1988). Thus, a novel mechan

ism conferring a growth advantage on malignant cells could 

be production of an autostimulatory factor which selectively 
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transformed cells. 
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The autocrine hypothesis of transformation which as

serts that excessive production, expression, and action of 

positive autocrine growth factors contributes to transforma

tion should be extended to include the impaired ability or 

complete failure of malignant cells to synthesize, express, 

or respond to negative autocrine growth factors. The loss 

of sensitivity to autocrine inhibitory growth factors could 

occur by several mechanisms including mutation or deletion 

of effector genes, failure to synthesize, process, or 

release the effector, defects or loss of receptors for the 

effector, and defects in the post-receptor signalling path

way (Sporn and Roberts, 1983). It is tempting to con

template that successful clinical therapy of malignant tumor 

growth in the future could involve restoration of growth 

control to malignant cells by replacement of a defective or 

deleted autocrine growth inhibitor, or better yet, reactiva

tion or hyperactivation of normal autoinhibitory growth sub

strates. 

Autocrine Regulation of Normal Cell Growth 

As indicated above, the autocrine mode of growth factor 

regulation is not limited to malignant cells. Normal cells 

which are a component of embryonic, rapidly growing, or in-
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jured tissues are also capable of autocrine secretion of 

growth factors. For example, during growth and tissue in

jury of vascular endothelium and vascular smooth muscle, 

autocrine secretion of PDGF-like molecules occurs (Bowen

Pope, et al., 1984). Exogenous TGF-a elevates DNA synthesis 

in hepatocytes in culture and also causes an elevation in 

TGF-a mRNA levels in hepatocytes in vitro as well as in vivo 

after partial hepatectomy. Since endogenous TGF-a is 

detected in the medium of cultured cells after exogenous 

TGF-a stimulation, this polypeptide may function as a 

physiological inducer of DNA synthesis during liver 

regeneration by means of an autocrine mechanism (Mead and 

Fausto, 1989). Autocrine secretion of IL-2 (Smith, 1984) as 

well as IL-1 (Tartakovsky, et al., 1988) has also been de

scribed for T lymphocytes. 

Ovarian thecal cells also represent a highly prolifera

tive adult cell population and indirect evidence for an 

autocrine interaction between TGF-a and the EGF receptor ex

ists in these cells. cultured theca cells from bovine 

ovaries produce an EGF-like substance, which may prove to be 

TGF-a since these cells express the TGF-a gene. Additional

ly, these cells contain high affinity EGF receptors and ex

ogenous TGF-a stimulates proliferation (Skinner and Coffey, 

1988). Taken together, these data suggest that TGF-a may be 

an autocrine growth stimulator of normal adult mesenchymal 
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cells, such as ovarian theca cells. 

Autocrine secretion of growth stimulatory factors is a 

mechanism by which normal cells can confer a growth ad

vantage upon themselves when challenged. In contrast, the 

pathological autocrine growth of malignant cells is charac

terized by inappropriate continual or enhanced positive 

autocrine growth factor expression, hypersensitivity to pos

itive autocrine growth factors by, for example, increased 

number or affinity of receptors for the growth factor, and 

decreased production of or sensitivity to negative autocrine 

growth factors. 

Nb2 Rat Lymphoma Cell Culture 

origin of the Nb2 Rat Lymphoma Cell Culture 

The advent of normal and neoplastic cell culture sys

tems has provided a powerful tool by which growth regulatory 

mechanisms, as well as other biological responses of cells, 

can be studied. Nb2 rat node lymphoma cell cultures have 

been utilized to study the mechanisms of lactogenic hormone

stimulated mitogenesis as well as a sensitive and specific 

bioassay for serum levels of lactogenic hormones in a vari

ety of mammalian species. The development of lactogen

independent variants of the parent cell line has also pro

vided a valuable tool by which the progression of malignant 
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studied. 
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Permanent suspension cultures of Nb2 rat lymphoma cells 

were established by Drs. P.W.Gout, R.L.Noble and C.T.Beer in 

the Department of Cancer Endocrinology of the Cancer Control 

Agency of British Columbia (Gout, et al., 1980a; Noble, et 

aI, 1980). During their study of tumor incidence in un

treated Noble (Nb) rats and Nb rats treated for prolonged 

periods with steroid hormones in 1972, an enlarged, malig

nant node lymphoma designated Nb2 arose in an estrogenized 

male rat (Noble, et al., 1985; Noble, 1982). The Nb2 node 

lymphoma was maintained by serial transplantation in 

estrogenized Nb rats. Over years of transplantation, some 

transplants underwent a progression toward hormonal indepen

dency and the transplants grew, albeit more slowly, in non

estrogenized female, as well as male, rats. ~hose 

transplants which retained hormone-dependency by serial 

transplantation in estrogenized hosts curiously grew more 

rapidly in non-estrogenized animals concurrently bearing 

pituitary tumor transplants which arose in donor rats after 

prolonged estrone treatment. (Noble, et al., 1980; Noble, 

et al., 1985). These pituitary tumor transplants released 

very high amount of Prl, and in some cases also GH, into the 

peripheral blood of the host as shown by radioimmunoassay. 

To eliminate the inherent complexities of studying cell 
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and tumor growth regulation in whole animals and to facili

tate investigations of the cellular and molecular mechanisms 

responsible for proliferation, cell cultures of Nb2 rat 

lymphomas were established. Development of culture condi

tions and definition of the major hormonal requirements of 

Nb2 lymphoma cells was performed in 1978 by Dr. P.W.Gout 

(Gout, et al., 1980a; Gout, et al., 1980b). Single cell 

suspensions of Nb2 cells grew rapidly in Fischer's Medium 

for Leukemic Cells of Mice supplemented with 0.1 roM 2-

mercaptoethanol, 10% horse serum (HS), and 10% fetal bovine 

serum (FBS). Cell growth was proportional to the FBS con

centration over a range of 0.5-10%. The cultures became 

quiescent if FBS was entirely omitted; that is, although 

cell division ceased, the cells remained viable for a few 

days and could be stimUlated to re-enter the cell cycle by 

the addition of FBS. Therefore, cell proliferation was de

pendent upon a growth stimulatory factor present in FBS but 

not in HS. 

Quiescent cell cultures could be used to detect and as

say lymphoma cell growth-promoting activity in FBS as well 

as sera from other sources. When sera from untreated and 

estrogen-treated Nb2 rats was assayed, both had significant 

growth-stimulating activity. However, serum from 

estrogenized rats had ten-fold the growth stimUlatory ac

tivity of serum from untreated rats. Serum from rats bear-



64 

ing pituitary tumors was very active, inducing cell growth 

greater than that of estrogen-treated rat serum (Noble, et 

al., 1980). Relative growth rates of serum-treated cells in 

culture paralleled those of tumors in rats assigned to the 

various treatment protocols, indicating that Nb2 lymphoma 

cells grown in vitro retained characteristic properties of 

original tumor tissue in vivo. In fact, cultured cells can 

be injected into Nb rats and subsequently give rise to 

tumors with properties similiar to the parent lymphomas; 

these tumors can, in turn, be reestablished in culture 

(Gout, et al., 1980a). 

Elucidation of Nb2 Cell Growth Factor Requirements 

Although growth of tumors in vivo could be stimulated 

by subcutaneous implantation of estrogen pellets, estrogens 

failed to reinitiate the growth of quiescent cultures in 

vitro, indicating that estrogens were stimulating tumor 

growth via an indirect mechanism. The critical hypothesis 

that estrogen-stimulated growth of Nb2 lymphoma tumors in 

vivo was mediated by a pituitary gland-derived substance was 

based on the observations that tumors grew rapidly in 

animals bearing transplanted pituitary tumors, sera from 

nonestrogenized pituitary tumor-bearing rats stimulated 

growth in vitro, and sera from estrogenized, hypophysec

tomized rats did not stimulate cell growth in vitro (Noble, 
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et al., 1980). Also, it is well known that estrogens can 

stimulate the secretion of Prl by the pituitary gland. 

After assaying a variety of pituitary hormones for growth

promoting activity, only Prl stimulated proliferation of 

cultured cells. Prl-stimulated growth was dose-dependent 

over a concentration range of 10 to 1000 pg/ml (Gout, et 

al., 1980a). Human growth hormone (hGH), which has lac

togenic activity, also stimulates the proliferation of Nb2 

cells, with maximum stimulation of RNA, protein, and DNA 

synthesis occuring 2-3 hrs, 12 hrs, and 18 hrs, respective

ly, after hGH addition to stationary cultures (Emoto, et 

al., 1987) 

Studies utilizing chemically-defined, serum-free medium 

show that cell proliferation is dependent upon supplementa

tion of the medium with Prl, transferrin, and insulin (Gout, 

1984). Cell lysis occurs in the absence of either PrIor 

transferrin, whereas insulin supplementation appears criti

cal only for long term growth (greater than 3 days). The 

Prl-induced generation of ' transferrin receptors in Nb2 cells 

appears to be a critical event in mitogenesis (Gout, et al., 

1988). Although HS contains transferrin and insulin, it is 

deficient in Prl; thus, addition of this specific polypep

tide growth factor to quiescent cells in HS-supplemented me

dium is vital for activation of intracellular growth 

stimulatory mechanisms. 



66 

Recently, the T cell lymphokine IL-2 was shown to 

stimulate the proliferation of Nb2 lymphocytes (Rayhel, et 

al., 1988a). Rat IL-2 and human recombinant IL-2 stimulate 

proliferation to the same degree as hGH (Croze, et al., 

1988). Monoclonal antibodies to the rat IL-2 receptor in

hibit the actions of IL-2 but not those of hGH, whereas a 

hGH antagonist inhibits the hGH-stimulated growth of Nb2 

cells but not that caused by of IL-2 (Rayhel, et al., 1988ai 

Croze, et aI, 1988). Nb2 cells thus appear to have retained 

a key T cell characteristic in the ability to respond to IL-

2. 

The stimulatory effect of ovine Prl on Nb2 cells is 

synergistically enhanced by a non-lactogenic factor in human 

serum (McNeilly and Friesen, 1985). This factor is heat 

stable, has a molecular weight greater than 8 kD, and pos

sesses no growth-stimulatory activity of its own. The au

thors suggest that the growth-enhancing activity of human 

serum could be due to the presence of a somatomedin-like 

factor, since insulin acts synergistically with Prl to en

hance Nb2 growth (McNeilly and Friesen, 1985). In fact, 

recently the Prl-stimulated mitogenesis of Nb2 cells was 

shown to be enhanced by IGF I, which on its own has no ef

fect on growth (Russell and Laird, 1989). 
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The Nb2 Cell Bioassay for Lactogenic Hormones 

Since the growth response of Nb2 lymphoma cells to Prl 

is dose-dependent, the use of Nb2 cultures as a convenient 

bioassay system for serum levels of prolactin and related 

lactogenic hormones was tested (Tanaka, et al., 1980). 

These tests proved that Nb2 cell growth was highly specific 

for lactogenic hormones (pituitary and placental) of a vari

ety of species (rat, ovine, bovine, porcine, human) as well 

as hGH. The Nb2 bioassay for lactogenic hormones is con

venient and more sensitive than radioimmunoassays (Tanaka, 

et al., 1980; Lawson, et al., 1982), and has thus gained 

immediate attention and popularity among scientists 

quantitating lactogenic hormone concentrations in sera, 

studying the mitogenic potential of variant forms of Prl 

(Markoff, et al., 1988), and seeking to determine which 

specific fragments of the prolactin molecule are critical 

for activity. 

Biochemical and Biophysical Studies of Nb2 Cells 

The density of Nb2 cell surface receptors specific for 

lactogenic hormones is high (12,000 per cell) and these 

receptors have a higher affinity (Kd = 6.5 x 10-11 M) for 

Prl than receptors in either liver or mammary tissue (Shiu, 

et al., 1983). Only 35% of these receptors need to be oc-
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cupied before the maximal growth rate is achieved. 

Antibodies to the Prl receptor mimic the mitogenic activity 

of Prl, stimulating growth in the absence of Prl itself; 

thus, entry of Prl into the cell is not necessary for growth 

promotion (Shiu, et al., 1983). 

When lactogenic hormones are withdrawn from exponen

tially growing cultures, Nb2 cells enter a quiescent phase 

of growth. Flow cytometric analysis of quiescent cultures 

reveals an accumulation of cells in the G1 phase of the cell 

cycle with corresponding decreases in the proportions of 

cells in the S, G2 , and M phases, compared to logarithmical

ly growing cultures (Richards, et al., 1982; Gout, 1984). 

A high proportion of growth-arrested cells are viable and 

retain their responsiveness to Prl, thus brief mitogen 

deprivation serves as a mechanism to synchronize Nb2 cells 

in the G1 phase of the cell cycle. 

possible Mechanisms of Action of Growth Factors in Nb2 Cells 

The mechanism by which Prl stimulates the growth of Nb2 

cells is not completely understood. Early studies revealed 

a correlation between growth rate and intracellular 

ornithine decarboxylase (ODC) activity, with a rapid eleva

tion of ODC to levels IOO-fold greater than those in sta

tionary cultures occuring 6 hours after Prl addition 

(Richards, et al., 1982). Prolonged suppression of ODC ac-
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tivity by DL-alpha-difluoromethylornithine (DFMO), an irre

versibe ODC inhibitor, attenuates the lactogen-stimulated 

growth of Nb2 cells, indicating that growth is dependent, in 

part, upon ODe activity (Elsholtz et al., 1985). Ornithine 

decarboxylase is the rate-limiting enzyme in the 

biosynthesis of polyamines, which are required for cell 

replication (Pegg and McCann, 1982). Addition of putres

cine, the ODC product, or the polyamines spermine and 

spermidine to DFMO-inhibited cultures restores growth to 

normal levels (Elsholtz, et al., 1985). Interestingly, the 

hormone-independent variant, Nb2-SP (see below), is two 

times more resistant to the growth suppressive effects of 

DFMO than the hormone-dependent Nb2 cells. Although the ac

tivity of ODC often correlates with the proliferative status 

of cells, the means by which ODC levels rise in the face of 

a mitogen and the role of polyamines in proliferation is not 

fully known. 

When extracts of quiescent cells are added to extracts 

of lactogen-stimulated log-phase cells, ODC activity of the 

latter is inhibited. The ODe inhibitory activity is due to 

the presence of an antizyme-like polypeptide in quiescent 

cell extracts (Richards, et al., 1986). Accumulation of 

this ODC inhibitor in stationary cells may be responsible 

for the drop in ODe activity which occurs shortly after lac

togen removal. It is unknown whether this ODC inhibitor is 
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lactogen-stimulated cell growth. 
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Growth stimulation and ODe induction in the hormone

dependent Nb2 clone (Nb2-11c) by hGH, ovine Prl, or IL-2 is 

enhanced by the tumor promoter 12-0-tetradecanoyl-phorbol-

13-acetate (TPA) (Gertler, et al., 1985; Buckley, et al., 

1986; Croze, et al., 1988; Pines, et al., 1988). When 

added alone to quiescent cultures or to cultures of the 

hormone-independent variant Nb2-SP, TPA has no effect on 

growth. Phorbol diesters directly stimulate or enhance 

mitogen-dependent proliferation of many cell types in cul

ture and they induce intracellular biochemical events in

cluding changes in protein, polyamine, and lipid 

biosynthesis, and phosphorylation of specific cellular 

proteins (Blumberg, 1980). The principle biochemical action 

of TPA is activation and/or translocation of protein kinase 

C, the phorbol ester receptor, from the cytosol to the mem

brane (Kikkawa, et al., 1983) In doing so, TPA mimics 

diacylglycerol, a product of phospholipase C hydrolysis of 

phosphat idyl inositol (Kraft and Anderson, 1983; Nishizuka, 

1984). Thus, the lactogen-stimulated mitogenesis of Nb2 

cells may be linked to the phosphat idyl inositol cycle and 

protein kinase C activation. Indeed, inhibitors of protein 

kinase C (H-7, polymyxin B, gossypol, quercetin, tamoxifen) 

inhibit human Prl-stimulated mitogenesis of Nb2 cells (Too, 
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et al., 1987a} as well as ovine Prl-stimulated ODe induction 

and proliferation (Buckley, et al., 1986; Russell, et al., 

1987). Activation of phospholipase e occurs very rapidly 

after hormone stimulation in many systems, leading to an ac

celeration of phosphoinositide metabolism (Farese, 1984; 

Hirasawa and Nishizuka, 1985). Since phosphoinositide turn

over is slow in cells stimulated by either hGH alone or hGH 

with TPA, it is unlikely that the mitogenic action of hGH or 

its enhancement by TPA are mediated by an immediate increase 

in phosphoinositide metabolism (Gertler al~ Friesen, 1986). 

Investigations of the role of the cAMP signal transduc

tion pathway in mitogenesis reveal diametrically opposed 

growth responses to cAMP or its derivatives depending on the 

cell type analyzed. Intracellular levels of cAMP are not 

modified when hGH is added to Nb2 cultures, nor is the 

lactogen-enhanced phosphorylation of intracellular proteins 

cAMP-dependent (Kornberg and Liberti, 1989). Addition of 

the cAMP analogue 8-bromoadenosine-3',5'-cyclic 

monophosphate (8-Br-cAMP) toNb2 cell cultures inhibits 

lactogen-stimulated growth and ODe activity (Buckley, et 

al., 1986; Pines, et al., 1988; Larsen and Dufau, 1988) 

while addition of the phosphodiesterase inhibitor methyl

xanthine inhibits both Prl- and IL-2-stimulated mitogenesis 

(TOO, et al., 1989). Brief exposure to low concentrations 

of cholera toxin, a bacterial toxin which stimulates adeny-
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late cyclase by ADP ribosylation of the stimulatory guanine 

nucleotide binding protein (Gs ) of adenyl ate cyclase, also 

inhibits growth of the Prl-dependent Nb2-11c cell line as 

well as the autonomous Nb2-SP cell line in a dose-dependent 

manner (Pines, et al., 1988; Larsen and Dufau, 1988). This 

inhibition is dependent upon penetration of the toxin into 

the cell (subunits A and B are required) and results 

primarily from a doubling of the lag phase of the first 

mitosis. TPA augments the cholera toxin-stimulated rise in 

cAMP levels but attenuates the cholera toxin-stimulated in

hibition of proliferation, suggesting that TPA and cAMP ex

ert their effects by phosphorylating different substrates 

that trigger opposite growth control pathways (Pines, et 

al., 1988). 

Another bacterial toxin, pertussis toxin, inactivates 

the inhibitory guanine nucleotide binding protein (Gi), 

which inhibits adenyl ate cyclase via ADP ribosylation. Ad

dition of pertussis toxin (islet-activating protein) to Prl

stimulated Nb2 cultures results in enhancement of growth at 

low doses and inhibition of growth at high doses (Larsen and 

DUfau, 1988; Pines, et al., 1988; Too, et al., 1989). 

Pertussus toxin is only weakly inhibitory to cells stimu

lated by IL-2, suggesting that Prl and IL-2 function through 

different intracellular regulatory mechanisms (Too, et al., 

1989). TPA enhances Prl-stimulated mitogenesis at either 
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dose of pertussis toxin, but does not completely reverse the 

inhibition of growth caused by high toxin concentrations. 

The differential, concentration-dependent effects of 

pertussis toxin could be due to either graded degrees of ADP 

ribosylation, the presence of two toxin substrates with op

posing actions on growth in which one may influence a cAMP

independent pathway, or concentration-dependent growth 

regulation by cAMP (Larsen and Dufau, 1988). In contrast to 

the ability of these two toxins to affect Prl-regulated Nb2 

growth, Prl itself has a direct effect on the ability of the 

membrane bound Gs and Gi proteins to be ADP ribosylated by 

these toxins. That is, Prl reduces the ADP ribosylation of 

a 41.5 kD membrane protein sensitive to cholera toxin and 

increases the ADP ribosylation of a 38 kD membrane protein 

sensitive to pertussis toxin (Barkey, et al., 1988). This 

is the first study to demonstrate a direct effect of Prl on 

G proteins, suggesting that they are involved in the signal 

transduction mechanism of the Prl receptor. The binding of 

Nb2 cell mitogens is also coupled to G proteins since the 

binding of hGH or IL-2 to their receptors is decreased in a 

dose-dependent manner by GTP, GDP, and GTP-gamma-S (TOO, et 

al., 1989). 

Human Prl stimulates a Na+/H+ antiporter in Nb2 cell 

plasma mambranes, resulting in intracellular alkalinization 

with a concomitant extracellular acidification (TOO, et al., 
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1987b) This Na+/H+ exchange, as well as the lactogen

stimulated mitogenesis, is inhibited by amiloride and its 

analogs. The tumor promoter TPA also induces an amiloride

sensitive Na+/H+ exchange system when added either alone or 

with lactogenic hormones to Nb2 cultures (Too, et al., 

1987a). Since TPA alone has no significant growth 

stimulatory activity, activation of Na+/H+ exchange or 

protein kinase C are probably requisite, but not sufficient, 

to trigger proliferation in Nb2 cells. 

TGF-p is a bifunctional regulator of cell growth which 

primarily exerts negative growth control in immune cells 

(Sporn, et al., 1986). In response to both lactogens and 

IL-2, TGF-p inhibits Nb2 lymphoma cell proliferation 

(Rayhel, et al., 1988b). Inhibition of growth by TGF-p is 

not manifest until the second or subsequent cell cycles, 

with delayed replication and decreased cell size occuring. 

Moreover, the effect of TGF-p is more potent in IL-2-

stimulated cells. 

The immunosuppressive cyclopeptides cyclosporine and 

didemnin A inhibit Prl-stimulated ODe activity and 

proliferation of Nb2 cells (Russell, et al., 1987). In this 

report, cyclosporin A exhibited a dose-dependent inhibition 

of 125I-prl binding, suggesting an adverse role for 

cyclopeptides on Prl-responsiveness at the level of the Prl 

receptor, but a conflicting report found no evidence of an 
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effect of cyclosporin A on Prl binding (Varma and Ebner, 

1988). The ability of cyclosporine A to inhibit transplant 

organ rejection may be related to its ability to competi

tively inhibit Prl binding to its receptor (Russell, et al., 

1984; Russell, et al., 1985). Evidence from Nb2 cells cor

roborates the hypothesis that Prl may play a role in im

munomodulation, thus adding to the wide range of biological 

effects ascribed to this molecule. However, the mechanism 

of action of these cyclopeptides in Nb2 lymphoma cells 

remains unclear. 

Mitogenic polypeptides (EGF, PDGF, IL-2) and phorbol 

esters have been shown to stimulate prostaglandin synthesis 

in both normal and neoplastic cells (Levine, 1981; Levine, 

1982; Levine and Xiao, 1985). Indomethacin, a 

cyclooxygenase inhibitor, enhances the activation of ODC by 

Prl but has no effect on proliferation at either physiologi

calor pharmacological concentrations. Two products of 

cyclooxygenase, prostaglandins E1 and E2 , inhibit the growth 

of Nb2 cells in response to either lactogens or IL-2, with 

no effect on viability (Rayhel, et al., 1988b; Hafez and 

Costlow, 1989). In these studies, indomethacin completely 

reversed the inhibition of lactogen-stimulated cell growth 

by TGF-p, suggesting that activation of prostaglandin 

synthesis may be an important mechanism by which TGF-p in

hibits Nb2 cell growth. Nordihydroguaiaretic acid, a 
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but enhances ODC activity (Russell, et al., 1987). 
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Addition of Prl to Nb2 cells causes a rapid turnover of 

phosphatidylethanolamine(PE} with the major initial product 

of turnover being phosphoet:lanolamine, suggesting the Prl 

activates membrane bound phospholipase C (Hafez and Costlow, 

1989). Arachadonic acids are the potential products of PE 

turnover, and rapid but transient increases in 

prostaglandins E2 and F 2a are detected after Prl addition. 

When added to stationary cultures, arachadonic acids are 

able to induce growth in Nb2 cells. When prostaglandins El 

or E2 are added to cultures supplemented with PrIor 

arachadonic acids, growth is inhibited. However, 

prostaglandin F 2a enhances Prl- or arachadonic acid

stimulated mitogenesis but has no effect on growth when 

added alone to cultures (Hafez and Costlow, 1989). These 

results suggest that while arachadonic acids alone stimulate 

growth, production of some arachadonic acid metabolites 

(prostaglandins of the E series) inhibits lactogen

stimulated Nb2 cell growth while others (prostaglandin F 2a ) 

enhance proliferation. 

Addition of hGH to stationary cultures induces expres

sion of the c-myc oncogene, with levels of transcript reach

ing a maximum of 25-fold 3 hrs after hormone addition (Flem

ing, et al., 1985). withdrawal of hormone 4 hrs after addi-
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tion results in a failure of cells to proliferate, which is 

accompanied by a 20-fold decline in c-myc transcript levels. 

Thus, growth stimulation of Nb2 cells by hGH is associated 

with the induction of c-myc expression, but the early rise 

in c-myc transcript levels is not sufficient to maintain 

progression through the cell cycle when their mitogen is 

withdrawn; hGH is required for sustained levels of both c

myc expression and cell proliferation (Fleming, et al., 

1985). Both c-myc expression and DNA synthesis in response 

to Prl are inhibited in a dose-dependent manner by the puta

tive intracellular calcium antagonist, TMB-8 (Murphy, et 

al., 1988). Calcium uptake or efflux is not affected by 

Prl. These results suggest that the release of an in

tracellular pool of calcium mediates the early actions of 

Prl, including initiation of c-myc transcription. 

Levels of c-fos mRNA rapidly, but transiently, increase 

after lactogen stimulation (Keefer, et al., 1989). 

Antisense c-fos oligodeoxynucleotide dramatically inhibits 

lactogen-stimulated Nb2 growth, causing a decline in cell 

viability with no effect on the increase in cell diameter 

caused by Prl. Cellular fos expression, therefore, appears 

to be required for cell viability as well as progression 

through the cell cycle during growth. 

Progression of Nb2 Cells from Hormone Dependency to Autonomy 



78 

As alluded to previously, Nb2 lymphoma tumors progress 

from hormone dependency to a relative state of autonomy 

after a series of transplantations. Progression of cells to 

hormone-independency also occurs in vitro when the con

centration of Prl in the medium is lowered in a step-wise 

manner to zero (Gout, 1984). At low Prl concentrations, 

many cells lyse, whereas others continue to proliferate, 

suggesting the existence of a heterogeneous population of 

cells with different Prl requirements for survival and 

proliferation. 

A continuous line of autonomous Nb2 lymphoma cells 

designated Nb2-SP (Spontaneously Proliferating) which 

proliferates in HS-supplemented medium devoid of Prl has 

been developed by Dr. H.G.Friesen's laboratory (Walker, et 

al., 1987). The lactogen-dependent Nb2-11c clone and the 

lactogen-independent Nb2-SP variant display lactogen recep

tors which are identical in number, structural properties, 

and binding affinity (Ashkenazi, et al., 1987). Nb2-SP 

cells have a higher binding capacity than do Nb2-11c cells, 

which results from down-regulation of lactogen receptors in 

Nb2-11c cells in the presence of lactogen. Binding of a hGH 

antagonist to the lactogen receptors of Nb2-SP cells does 

not affect their growth. On the basis of these receptor 

studies, the spontaneous proliferation of the Nb2-SP line in 

the absence of lactogen is most likely due to an alteration 
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in a post-receptor event rather than at the receptor itself. 

Cytological and Morphological Features of Nb2 Cells 

TheNb2 lymphoma has been histologically characterized 

as a moderate-to-well differentiated reticulum cell tumor 

(Noble, et al., 1985; Noble, et al., 1982). Im

munocytochemical and enzymatic studies of cultured Nb2 

lymphoma cells suggest that the original tumor arose from a 

thymocyte at an intermediate stage of differentiation (Flem

ing, et al., 1982). Further evidence that the Nb2 lymphoma 

cell line is of the T-cell lineage has been given by detec

tion of mRNA for the alpha and beta chains of the T-cell 

receptor and phenotypic analysis employing antibodies to 

various cell-surface determinants (Cox, et al., 1989). 

Potential Role of Autocrine Secretion in Nb2 Cell Growth 

Regulation 

As discussed previously, positive and negative 

autocrine growth factor secretion is gaining acceptance as a 

common mechanism of growth control in normal and neoplastic 

cells. Many different types of cells have been shown 

directly or indirectly to secrete autocrine growth 

stimulators or inhibitors. This means of growth control in 

the Nb2 lymphoma cell line has only been explored with 

respect to potential autocrine secretion of established Nb2 
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mitogens such as Prl and IL-2. For example, Nb2 cells are 

able to respond in an autocrine manner to Prl; when cells 

are transfected with mouse Prl cDNA, cells synthesize and 

secrete mouse Prl and conditioned medium as well as cell ex

tracts from these cultures stimulate Nb2 cell proliferation 

(Davis and Linzer, 1988). Although Nb2 cell growth is 

stimulated by IL-2, Nb2 cells apparently do not secrete this 

lymphokine, since conditioned medium prepared by incubating 

Nb2 cells in FCS- or hGH-supplemented medium for 72 hrs does 

not stimulate rat Concanavalin A blasts in the standard IL-2 

assay (Cox, et al., 1989). 

A critical question is whether positive or negative 

autocrine secretion plays a role in the growth control of 

lactogen-dependent or independent Nb2 cell lines. Informa

tion in this regard would contribute significantly to the 

body of data concerning mechanisms of mitogenic action of 

Prl and growth regulation of these cell lines in general. 

It would also have potentially important implications for 

the Nb2 bioassay of lactogenic hormones, the growth control 

of normal or neoplastic cells which are phenotypically 

similar to Nb2 cells, and the differential growth regulation 

of hormone-dependent and independent Nb2 cell lines. 

For example, autocrine growth regulation of Nb2 cells 

could alter the specificity and/or sensitivity of the Nb2 

bioassay for lactogenic hormones. Extrapolation of Prl con-
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centrations in sera from growth rates of serum-stimulated 

Nb2 cells has proven to be a popular and convenient lac

togenic hormone bioassay system. Production of autocrine 

growth stimulatory or inhibitory factors could enhance or 

attenuate, respectively, the growth rate of Nb2 cells during 

bioassays; therefore, estimates of true serum lactogen 

levels would be tainted, appearing elevated or depressed 

relative to the actual concentrations of lactogens in the 

sera. 

Alterations in a number of culture conditions that 

could influence autocrine growth factor synthesis and secre

tion, thereby affecting bioassay results, include: 1) the 

composition of horse serum; some serum components may in

fluence autocrine secretion and serum composition frequently 

varies from lot to lot; 2) pH of the medium may playa 

role in autocrine growth factor activation or inactivation 

once the factor has been secreted into the extracellular me

dium; 3) passage number of the cells used in the bioassay; 

high passage number cells experience slower growth compared 

to their younger counterparts, suggesting that they may 

secrete (more of) a negative autocrine growth factor or less 

of a positive autocrine growth factor; 4) the state of 

growth (logarithmic vs. quiescent) which cells are experi

encing when the bioassay is set up; cells experiencing ex

ponential growth may be secreting stimulatory autocrine fac-
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tors whereas quiescent cells may not; 5) the batch or 

clone of cells used; Nb2 cells for bioassay may be obtained 

from several different laboratories. Some of these batches 

are clones of lactogen-dependent cells (i.e. Nb2-11c clone) 

whereas others are samples of the original population of Nb2 

cells which are heterogeneous with respect to lactogen re

quirements. The greater the proportion of lactogen

independent cells in a population, the greater the 

likelihood that secretion of autocrine stimulatory factors 

is occuring. 

The Nb2 lymphoma cell lines are excellent systems in 

which autocrine growth regulation can be studied because of 

the potential applications of the results of such research 

to other malignant cells in cul~ure as well as in the 

organism. Elucidation of autocrine growth mechanisms in Nb2 

cells could yield data applicable to growth control of ei

ther normal or neoplastic cells which are mitogenically 

stimulated by PrIor IL-2 (i.e. mammary epithelium, 

lymphocytes). Additionally, the understanding of immune 

cell (normal lymphocyte and neoplastic lymphoma cell) growth 

could be enhanced by studies of autocrine regulation in Nb2 

cells. Perhaps methods devised to attenuate positive 

autocrine secretion or enhance negative autocrine secretion 

in Nb2 cells could be applied in the future during cancer 

therapy to restrict the growth of malignant cells responsive 
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to PrIor 11-2 and/or cells of the immune system. 

A formidable problem in the chemotherapy of hormone

responsive cancers is the slow escape from growth inhibition 

by anti-mitotic hormone antagonists. Once malignant cells 

progress from hormone-dependency to independency, 

chemotherapeutic agents which originally inhibited 

proliferation by either competing with the hormone for 

receptor binding, allosterically modifying the hormone and 

rendering it unable to bind to its receptor, or binding to 

and blocking hormone receptors are no longer effective. Re

search concerning the progression from hormone-dependency to 

relative autonomy in the Nb2 cell line may reveal autocrine 

growth stimulatory factor(s) secretion as a mechanism of 

conversion to autonomy; blocking the synthesis, secretion, 

and/or action of such growth stimulators could cause revers

ion back to the hormone-dependent state, thus restoring 

sensitivity to and growth control by hormone antagonists. 

In summary, the elucidation of the role of autocrine 

growth factor secretion in Nb2 cell proliferation may have 

important implications for the Nb2 bioassay of lactogenic 

hormones, the growth control of related cell types, and the 

progression of malignant cells from hormone-dependency to 

relative autonomy. Therefore, both positive and negative 

autocrine growth control mechanisms should be explored in 

both the lactogen-dependent and independent cell lines. 
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STATEMENT OF THE PROBLEM 

Malignant transformation may involve acquisition of the 

ability to undergo autostimulation, whereby cells con

comitantly synthesize their own growth factors and growth 

factor receptors. In addition to autocrine stimulation, 

growth autonomy of malignant cells may arise as a result of 

the impaired ability of cells to synthesize, secrete, or 

respond to autocrine growth inhibitory factors. Elucidation 

of the positive and negative autocrine growth regulatory me

chanisms in transformed cells may lead to new approaches in 

cancer therapy for the control of tumor cell proliferation. 

The aims of this study were to determine whether lactogen

dependent and lactogen-independent Nb2 rat lymphoma cells 

exert autocrine growth regulation and to biologically char

acterize the growth modulatory activity of Nb2 cell condi

tioned medium. Studies were also performed to determine 

whether lactogen-dependent Nb2 cells differ from lactogen

independent cells in ultrastructural and surface morphologi

cal features. 

The specific questions adressed in this study are: 

1. Do lactogen-dependent Nb2-11c cells differ from 

lactogen-independent Nb2-SP cells with respect to 

ultrastructural or surface morphology? 

2. Does medium conditioned by Nb2-11c or Nb2-SP cells 



display autocrine growth inhibitory activity? 

3. Is the autocrine growth inhibitory activity of 

Nb2-CM modified by: 
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a. the proliferative status of cells conditioning 

the medium? 

b. the time period of conditioning? 

c. the specific mitogen available to the cells? 

4. Is the autocrine growth inhibitory effect of 

Nb2-CM reversible? 

5. Does autocrine growth inhibition by Nb2-CM alter 

normal cell cycle distribution? 

6. Is the growth inhibitory activity of Nb2-CM 

specific for Nb2 cells? 

7. What is the biochemical nature of the putative 

autocrine growth inhibitory factor in Nb2-CM? 

8. Is the mechanism of action of autocrine growth 

inhibition by Nb2-CM related to one of the 

following Nb2 cell signal transduction pathways: 

a. pOlyamines? 

b. cAMP? 

c. protein kinase C? 

d. prostaglandins? 
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Chapter 1 

Comparative Ultrastructural and Surface Morphology of 

Lactogen-dependent and Lactogen-independent Nb2 Rat Lymphoma 

Cells 

Abstract 

Nb2-llc rat lymphoma cells require lactogenic hormones 

for proliferation whereas a variant of the Nb2 cell line, 

Nb2-SP is relatively autonomous and proliferates in the ab

sence of lactogenic hormones. The purpose of the present 

study was to compare and contrast the ultrastructural mor

phology and surface features of the lactogen-dependent Nb2-

llc cell line and the lactogen-independent Nb2-SP cell line 

using transmission and scanning electron microscopy. Both 

Nb2-llc and Nb2-SP cells were characterized by a relatively 

small cytoplasmic volume, an abundance of free ribosomes, a 

moderate number of mitochondria, a few primary lysosomes, 

and a scarcity of Golgi complexes and rough endoplasmic 

reticulum. The large nuclei of the Nb2 cells displayed 

pleomorphism with respect to nuclear contour and usually 

contained one or more prominent nucleoli. Heterochromatin 

was primarily distributed subjacent to the nuclear envelope. 

Cells averaged between 6 and 8 ~m in diameter. These Nb2 
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lymphoma cells lines were similar with respect to mean 

volume density of cytoplasm, nuclei, and mitochondria but 

were dissimilar with respect to mean volume density of lipid 

droplets,lysosomes, and nuclear pockets. The mean number 

of lipid droplets per cell bearing lipid droplets was sig

nificantly greater in the Nb2-SP cell line compared to the 

Nb2-11c cells line. These cell lines were also significant

ly different with respect to mean incidence of nuclear pock

et profiles, wherein nuclear pockets were a common feature 

of Nb2-11c cells but were absent in Nb2-SP cells. Thus, 

lipid droplets and nuclear pockets are morphological fea

tures by 1t.rhich hormone-dependent and hormone- independent Nb2 

cell lines c&n be distinguished. Nb2-11c and Nb2-SP cells 

display similar surface morphological features. 

Introduction 

Single cell suspension cultures of Nb2 lymphoma cells 

were established from a node lymphoma which developed in an 

estrogenized Noble rat in 1972 (Gout, et al. 1980). Im

munocytochemical and enzymatic studies indicate that the 

tumor arose from a thymocyte at an intermediate stage of 

differentiation to a T lymphocyte (Fleming, et al. 1982). 

Proliferation of the Nb2 lymphoma cell line is stimulated by 

lactogenic hormones (prolactin, human growth hormone) in a 
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dose-dependent manner (Gout, et ale 1980) and cultures have 

been used routinely as a highly specific in vitro bioassay 

for lactogenic hormones in a variety of species (rat, ovine, 

bovine, porcine, human) (Tanaka, et ale 1980; Lawson, et 

ale 1982). The Nb2 cell line has also been used as a model 

system for studying the cellular-molecular mechanisms by 

which prolactin exerts a mitogenic action (Elsholtz, et al., 

1985; Too, et al., 1987a, 1987b; Gertler, 1986; Too, et 

al., 1989; pines, et al., 1989; Larsen and Dufau, 1989; 

Barkey, et al., 1988; Rayhel, et al., 1988b). The Nb2 cell 

line also represents a potential in vitro model system for 

studies on tumor cell progression from hormone dependency to 

independency. Lactogen-dependent Nb2 cells progress toward 

relative autonomy when cells are subcultured in medium in 

which the lactogen concentration is lowered to zero in a 

stepwise fashion (Noble et ale 1985) or by frequent passag

ing (Walker, et ale 1987). 

Tumor progression from hormonal dependency to autonomy 

has major implications for the clinical management of such 

tumors, yet the biochemical mechanisms by which this prog

ression occurs are poorly understood. It is likely that 

tumors consist of heterogeneous cell subpopulations with 

variable dependency upon hormonal stimulation; changes in 

the hormonal milieu of tumor environments may result in the 

domination of particular subpopulations capable of 
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proliferating under the changed conditions (Nowell 1976). 

Assessment of the biochemical, physiological, and mor

phological characteristics of tumor cell subpopulations with 

variable dependency upon hormonal stimulation will provide 

valuable information applicable to the treatment of 

endocrine responsive tumors in the clinic. 

The aims of the present study were 1) to compare and 

contrast the ultrastructural morphology of hormone-dependent 

and automomous Nb2 lymphoma cells by transmission and scan

ning electron microscopy, and 2) to determine whether the 

cell lines differ with respect to number of ultrastructural 

morphometric parameters. 

Materials and Methods 

Nb2 Cell Culture 

The lactogen-dependent Nb2 rat lymphoma cell clone Nb2-

11c and the spontaneously proliferating lactogen-independent 

Nb2-SP cell line were generously provided by H.G.Friesen 

(Department of Physiology, University of Manitoba, Winnipeg, 

Manitoba, Canada). Nb2-11c cells were maintained in 75 cm2 

Falcon tissue culture flasks (Baxter Scientific, McGaw Park, 

IL) in Fischer's Medium for Leukemic Cells of Mice (FM) 

(Grand Island Biological Co., Grand Island, NY) supplemented 

with 10% fetal bovine serum (FBS) as a source of lactogens, 
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10% lactogen-deficient horse serum (HS), 0.1 roM 2-

mercaptoethanol (2-ME), penicillin (50 units/ml) and strep

tomycin (50 ug/ml) in an atmosphere of 5% C02-95% air at 

37°C. Nb2-SP cells were similarly maintained, except growth 

medium was devoid of FBS. Forty-eight hours prior to fixa

tion, cells were pelleted (1000 RPM, 7 min), rinsed with FM, 

and resuspended in fresh growth medium at a concentration of 

0.3 x 106 cells/mI. 

Lactogen content of HS was determined to be below that 

detectable by the Nb2-11c lymphoma cell bioassay (i.e. less 

than 10 pg/ml). Sera and antibiotics were obtained from Ir

vine Scientific (Santa Ana, CA); 2-ME was purchased from 

Sigma Chemical Co. (st. Louis, MO). Cell numbers were 

determined using an electronic counter (Coulter Electronics, 

Hialeah, FL). 

Transmission Electron Microscopy 

Log-phase cells were pelleted (1000 RPM, 8 min) and 

resuspended in 0.1 M phosphate buffer (216 mOsm, pH 7.2). 

Cells suspended in ~~ffer were then pelleted in micro

centrifuge tubes (1500 RPM, 1 min). Pellets were fixed in 

3% gluteraldehyde in 0.1 M phosphate buffer (500 mOsm, pH 

7.2) for 1 hr at room temperature. Cell pellets were then 

rinsed in buffer 3x for 10 min per rinse. Cells were then 

post-fixed in 2% osmium tetroxide in phosphate buffer for 1 
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hr at room temperature. Pellets were then rinsed in 50% 

ethanol followed by 70% ethanol, placed in 1% p

phenylenediamine (Ledingham and Simpson, 1980) in 70% 

ethanol for 30 min, and dehydrated in a series of graded 

ethanols. Pellets were rinsed with propylene oxide and 

suspended in propylene oxide/Epox (1:1) overnight and sub

sequently embedded in Epox (E.F.Fullam). sections were cut 

with a diamond knife at approximately 600 angstroms, mounted 

on 200 mesh grids, and stained with uranyl acetate and lead 

citrate. Specimens were examined at 80 Kv on a JEOL 100CX 

electron microscope. 

Morphometric Analysis 

One hundred cells from each line were photographed on 

the electron microscope at a magnification of x4800 and all 

negatives were printed on 8 inch x 10 inch sheets of photog

raphic paper at a print factor of 2.7. Intact cells were 

included in the analysis if their nuclei were cut in a mid

line or near-midline plane of section. Quantitative mor

phological data was collected from the sections and analyzed 

using PCS (Particle Counting Software) System II (Pentcheff 

and Bolender, Dept. Biological Structure, Univ. of Washing

ton). 
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Scanning Electron Microscopy 

Log-phase cells were pelleted (1000 RPM, 10 min) and 

resuspended in phosphate-buffered saline (PBS) to a final 

concentration of 2.0 x 106 cells/mI. Glass coverslips were 

soaked in 0.1% solution of poly-L-Iysine (Tsutsui, et al., 

1976) in PBS for 10 min and were then rinsed in PBS to 

remove excess polycationic molecules. One or two drops of 

cell suspension was immediately placed on each coverslip. 

After 10 min, the coverslips were washed in PBS and cells 

adhering to the coverslips were fixed in 3% gluteraldehyde 

in 0.1 M phosphate buffer (500 mOsm, pH 7.2) for 1 hr at 

room temperature. The coverslips were then rinsed 2x with 

phosphate buffer for 10 min per rinse and specimens were 

post-fixed with 2% osmium tetroxide in phosphate buffer for 

1 hr at room temperature. Specimens were then rinsed 3x 

with phosphate buffer for 5 min per rinse, dehydrated in a 

series of graded ethanols, and critical-point dryed from 

liquid carbon dioxide. Coverslips were then sputtered with 

a thin layer of gold (approximately 30 nm) and examin~d at 

20 Kv on an ETEC scanning electron microscope. 

statistical Analysis 

statistical differences between means were determined 

by Student's T-test analysis. Differences were considered 



to be statistically significant at the 95% or above con

fidence level (P < 0.05). 

Results 
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General Ultrastructural Features of Nb2-11c and Nb2-SP 

Rat Lymphoma Cells. Lactogen-dependent Nb2··11c cells (Fig

ures 1 and 2) and lactogen-independent Nb2-SP cells (Figures 

3 and 4) shared many ultrastructural features. These in

cluded a relatively small cytoplasmic volume, numerous 

mitochondria, abundant free ribosomes, and a variable number 

of lipid droplets in the cytoplasmic compartment. Profiles 

of rough endoplasmic reticulum, Golgi bodies, and lamellar 

bodies were sparse but present in some of these cells. The 

nuclei of both Nb2-11c cells and Nb2-SP cells were large 

with irregular contours and usually contained one prominent 

nucleolus. Heterochromatin was distributed along the 

nuclear membrane as well as scattered throughout the 

nucleoplasm. 

Although lipid droplets appeared in the cytoplasmic 

compartments of both cell lines, the Nb2-SP cell population 

examined appeared to contain a greater number of cells dis

playing lipid droplets as well as a greater number of lipid 

droplets per cell compared to the Nb2-11c cell population. 
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Also, nuclear pockets appeared to be a common feature of the 

Nb2-11c cell line, whereas none of the Nb2-SP cells examined 

displayed nuclear pockets. 

Ultrastructural Morphometric Analysis of Nb2-11c and 

Nb2-SP Cells. with the exception of nuclear pocket pro

files, the ultrastructural features of the Nb2-11c and -Nb2-

SP cell lines appeared to be similar upon routine examina

tion. Therefore, the Nb2 cell lines were quantitatively an

alyzed to determine whether the lactogen-dependent Nb2-11c 

and lactogen-independent Nb2-SP cell lines are morphologi

cally distinct. 

The volume densities (expressed as mean profile volume 

in cm3/mean cell volume in cm3 ) of the cytoplasm, nucleus, 

lipid droplets, mitochondria, lysosomes, and nuclear pockets 

of 100 cells from each line were quantitated. The volume 

density of nuclear pockets (mean nuclear pocket volume in 

cm3/mean nuclear volume in cm3 ) was also assessed (Table 1). 

Nb2-11c and Nb2-SP cells were morphologically similar with 

respect to cytoplasmic, nuclear, and mitochondrial volume 

density. However, Nb2-SP cells exhibited a 6-fold greater 

lipid droplet volume density as well as a 2-fold greater 

lysosomal volume density. None of the 100 Nb2-SP cells sur

veyed displayed nuclear pockets, whereas greater than 1% of 
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the nuclear volume of Nb2-11c cells was occupied by nuclear 

pocket material. 

In addition to volume density, lipid droplets, 

mitochondria, lysosomes, and nuclear pockets were also ana

lyzed for numerical parameters including the sum (total num

ber of profiles in 100 cells), the percent (percent of cells 

displaying the profile), the mean (mean number of pro

files/cell with one or more profiles), the standard devia

tion of the mean, and the percent coefficient of variance 

(Table 2). Whereas 95% of all Nb2-SP cells examined dis

played one or more lipid droplets, only 57% of Nb2-11c cells 

featured lipid droplets. Furthermore, the mean number of 

lipid droplets in Nb2-SP cells was 3.6525 compared to only 

1.9298 for Nb2-11c cells. Whereas a high frequency and 

abundance of lipid droplets is a characteristic Nb2-SP 

cells, nuclear pockets appear to be a distinct feature of 

Nb2-11c cells. None of the Nb2-SP cells examined displayed 

nuclear pocket profiles, whereas nuclear pockets were pres

ent in 40% of Nb2-11c cells. Furthermore, the mean number 

of nuclear pockets per Nb2-11c cell displaying this profile 

was 1.8250. Both lipid droplets and nuclear pockets 

represent statistically significant morphological dis

similarities between the Nb2-11c and Nb2-SP cell lines. 

These cells were statistically similar with respect to 

mitochrondrial and lysosomal profiles. 



96 

General Surface Features of Nb2-11c and Nb2-SP Rat 

Lymphoma Cells. Lactogen-dependent Nb2-11c cells (Figures 

5-7) and lactogen-independent Nb2-SP cells (Figures 8-10) 

are similar with respect to cell shape, size, and surface 

organization. Both Nb2-11c and Nb2-SP cells are 6-8 Mm in 

diameter, are round or spherical in shape, and display 

numerous microvilli on their surface. Cells from both lines 

also frequently display cytoplasmic extensions which are 

manifest either as smooth-surfaced elongations (Figure 7) or 

shorter, microvilli-bearing nubs (Figure 9). The pair of 

cells in Figure 10 are likely to be completing mitosis; al

though microvilli and cytoplasmic extensions are absent in 

these cells, their surfaces are irregular rather than 

smooth. 

Discussion 

Nb2 rat lymphoma cells are undifferentiated 

lymphoblasts of thymic origin (Fleming, et al., 1982). Ex

amination of the ultrastructural morphology of the lactogen

dependent Nb2-11c clone and the lactogen-independent Nb2-SP 

variant reveals several features shared by these cell lines. 

Both Nb2-11c and Nb2-SP cells were characterized by a rela

tively small cytoplasmic volume, an abundance of free 

ribosomes, a moderate number of mitochondria, a few primary 
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lysosomes, and a scarcity of Golgi complexes and rough 

endoplasmic reticulum. The large nuclei of the Nb2 cells 

displayed pleomorphism with respect to nuclear contour and 

usually contained one or more prominent nucleoli. 

Heterochromatin was primarily distributed subjacent to the 

nuclear envelope. Cells averaged between 6 and 8 Mm in 

dia~eter. These features are consistent with previous 

reports describing the ultrastructure of lactogen-dependent 

Nb2 cells (Fleming, et al., 1982), normal lymphoblasts in 

the outer cortex of the thymus (Hwang, et al., 1974), and 

lymphoblasts of acute lymphocytic leukemia (Dickersin, 

1987). 

When comparing and contrasting the morphology of the 

lactogen-dependent Nb2-11c cells and the lactogen

independent Nb2-SP cells, two interesting ultrastructural 

differences were noted: 1) although cells from both lines 

contained lipid droplets, they appeared to be more abundant 

in the lactogen-independent Nb2-SP cell line, and 2) 

nuclear pockets were present in lactogen-dependent Nb2-11c 

cells, but not in Nb2-SP cells. To confirm these initial 

observations and to determine whether the Nb2 cell lines are 

morphometrically distinct, several cytoplasmic and nuclear 

parameters were quantitated. 

Although lipid droplets are occasionally found in the 

cytoplasm of normal cells, they are marked increased in num-
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bers in malignant cells (Apffel and Baker, 1964). Accumula

tion of lipid droplets is believed to arise from metabolic 

changes within malignant cells (Wright, 1968) caused by 

their high proliferative rate (Cooper, et al., 1966). 

Payne, et al. (1987) found a significant correlation between 

the number of lipid droplets and mitochondria in the cells 

from patients with Burkitt's lymphoma (lipid content 

decreased as mitochondrial content increased), and postu

lated that cells with a high content of mitochondria could 

effectively oxidize the fatty acids contained within the 

lipid droplets resulting in a low content of stored lipid. 

Although no correlation between the numbers of lipid 

droplets and mitochondria was found in Nb2 cells and al

though SP and 11c cells proliferate at a similar rate, the 

abundance of lipid droplets in the SP cell line suggests 

that these cells are metabolically different from 11c cells. 

For example, the rates of lipid biosynthesis and/or degrada

tion may differ in these cell lines. 

No SP cells displayed nuclear pockets, whereas 40% of 

11c cells exhibited this feature. Nuclear pockets charac

teristically project from the nuclear surface into the 

cytoplasm and are a type of pseudoinclusion containing 

cytoplasm that is surrounded by the inner and outer nuclear 

membranes (Senoo, et al., 1984). Nuclear pockets have been 

observed in African and non-African Burkitt's lymphoma as 
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well as Burkitt's-like lymphoma cells (Epstein and Achong, 

1965; Dehner, 1977; Grogan, et al., 1982; Payne, et al., 

1987). That large numbers of nuclear pockets are seen in 

lymphomas and leukemias is of value in the differential 

diagnosis of tumors with electron microscopy (Ghadially, 

1980). Nuclear pockets have also occasionally been seen in 

normal human (Smith and O'hara, 1967) and animal (Weber, et 

al., 1980) leukocytes. Although the presence of nuclear 

pockets has been postulated to correlate with viral infec

tion (Payne, et al., 1987), the significance of these un

usual nuclear features is unknown. Nuclear inclusions were 

not observed in the parent Nb2 cell line (Fleming, et al., 

1982); therefore, nuclear pockets may be a unique feature 

of the Nb2-11c clone. 

Both Nb2-11c and Nb2-SP cells are round to spheroid in 

shape and display numerous microvilli, a characteristic of 

lymphocytes (Kelly and Nockolds, 1977; Hattori, 1972). Nb2 

lymphoma cells also display a variable number of long, 

smoo~h-surfaced or short, microvilli-bearing cytoplasmic 

projections. Since the number and frequency of microvilli 

and cytoplasmic extensions is highly variable within a cell 

line and since cell size and shape are similar between the 

two cell lines, it is not possible to distinguish Nb2-11c 

cells from Nb2-SP cells based on surface features alone. 



Table 1. Quantitation of Ultrastructural Volume Densities in Nb2-11c and Nb2-SP Rat 
Lymphoma Cells 

Ultrastructural parameter 

Cell volume 
cytoplasm 
nucleus 
lipid droplets 
mitochondria 
lysosomes 
nuclear pockets 

Nuclear volume 
nuclear pockets 

11c cells 

0.5389 
0.4027 
0.0053 
0.0430 
0.0043 
0.0057 

0.0140 

SP cells 

0.5336 
0.3723 
0.0304 
0.0558 
0.0080 
0.0000 

0.0000 

Volume density is expressed as mean profile volume in cm3/mean cell or nuclear volume 
in cm3 . 

I-' 
o 
o 



Table 2. Quantitative Ultrastructural Features of Nb2-11c and Nb2-SP 
Rat Lymphoma Cells 

Ultrastructural profile Sum ~ 
0 Mean ± SD 

Lipid droplets 
11c 110 57 1.9 ± 1.1* 
SP 347 95 3.6 ± 2.3 

Mitochondria 
11c 1268 98 12.9 ± 7.0 
SP 1520 97 15.7 ± 8.2 

Lysosomes 
11c 151 72 2.1 ± 1.1 
SP 295 82 3.6 ± 2.7 

Nuclear pockets 
11c 73 40 1. 8 ± 1. 0* 
SP 0 0 0 

Sum total number of profiles in 100 cells. 

% % of cells with one or more profiles. 

Mean ± SD = mean number of profiles/cell with one or more profiles ± 
standard deviation. 

* P < 0.05 for the means. 
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Figure 1. Transmission electron micrograph of Nb2-11c 
cells. Nuclear pockets (arrows) are visible as pseudo
inclusions containing cytoplasm that is surrounded by the 
inner and outer nuclear membranes. There are no lipid 
droplets in these cells. x 9000. 
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Figure 2. Transmission electron micrograph of a Nb2-11c 
cell. Nuclear pockets are indicated by large arrows. Lipid 
droplets (LD) are also present in this cell. x 12,000. 
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Figure 3. Transmission electron micrograph of Nb2-SP cells. 
Arrows indicate lipid droplets in the cytoplasmic compart
ment of the cells. Nuclear pockets are absent. x 7560. 
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Figure 4. Transmission electron micrograph of a Nb2-SP 
cell. Arrows indicate lipid droplets in the cytoplasmic 
compartment of the cell. Nuclear pockets are absent. 
x 8990. 
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Figure 5. Scanning electron micrograph of a Nb2-11c cell. 
Bar indicates 1 ~m. 
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Figure 6. scanning electron micrograph of a Nb2-11c cell. 
Bar indicates 1 ~m. 
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Figure 7. scanning electron micrograph of a Nb2-11c cell. 
Bar indicates 1 ~m. 



Figure 8. Scanning electron micrograph of a Nb2-SP cell. 
Bar indicates 1 ~m. 
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Figure 9. Scanning electron micrograph of a Nb2-SP cell. 
Bar indicates 1 ~m. 
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Figure 10. scanning electron micrograph of a Nb2-SP cell. 
Bar indicates 1 ~m. 
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Chapter 2 

Effects of Nb2 Lymphoma Cell Conditioned Medium on Growth: 

Evidence for Constitutive Secretion of an Autocrine Growth 

Inhibitory Factor by Lactogen-dependent and -independent 

Nb2 Lymphoma Cells 

Abstract 

Medium conditioned (CM) by lactogen-dependent Nb2-llc 

cells and lactogen-independent Nb2-SP cells was assayed for 

growth modulatory activity in both cell lines. Both llc-CM 

and SP-CM were shown to inhibit the growth of either cell 

line. Nb2-l1c and Nb2-SP cells appear to constitutively 

secrete similar amounts of a common Nb2 cell autocrine 

growth inhibitory factor into their medium, since the growth 

inhibitory potential of either serum-containing or serum

free CM is directly related to the number of cells from ei

ther cell line conditioning the medium and the conditioning 

time period. The inhibition of llc cell growth by Nb2-CM is 

dose-dependent and reversible. Nb2-CM is not cytotoxic and 

most likely causes growth inhibition by delaying the prog

ression of cells through all phases of the cell cycle, rath

er than causing blockage and accumulation of cells in a 

specific cell cycle phase. When Nb2-11c cells are stimu-
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lated by FBS, optimal and supraoptimal concentrations of 

hGH, or suboptimal, optimal, and supraoptimal concentrations 

of Prl, CM causes growth inhibition. Growth is minimally 

affected by CM in the absence of Prl and is not affected by 

CM at suboptimal hGH concentrations. Possible mechanisms of 

action of the putative Nb2 cell autocrine growth inhibitory 

factor and the potential role of this factor in the regula

tion of Nb2 cell growth are discussed. 

Introduction 

C311 proliferation is regulated by a variety of 

polypeptide growth factors (Holley, 1975). Factors which 

stimulate or inhibit growth have been purified from both 

normal and neoplastic tissues, serum, and tissue culture me

dium (Gospodarowicz and Moran, 1977). Malignant cells 

generally display reduced requirements for exogenous growth 

factors compared to their normal counterparts, suggesting 

that cellular transformation may involve enhanced synthesis, 

secretion, and or sensitivity to autocrine growth 

stimulatory factors (Sporn and Roberts, 1985). Conversely, 

diminished autocrine growth inhibitory factor synthesis, 

secretion, and/or sensitivity could relieve the cell's need 

for high concentrations of exogenous growth factors. 

Polypeptide growth factors such as TGF-a, TGF-~, PDGF, bom-
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besin, and others have been identified in tissue culture me

dium conditioned by a variety of neoplastic cell types 

(Goustin, et al., 1986). While many of these autocrine fac

tors stimulate growth, some such as TGF-p can attenuate 

growth. TGF-p has been shown to inhibit the growth of many 

types of normal and neoplastic cells of fibroblastic or 

epithelial origin (Roberts, et al., 1985) as well as Band T 

lymphocytes (Kerhl, et al., 1986a, 1986b). Malignant trans

formation may cause cells to produce or secrete decreased 

levels of autocrine growth inhibitory factors or become less 

sensitive to these factors, thus quantitatively lowering 

their requirements for exogenous mitogens and enabling 

neoplastic cells to proliferate under conditions which do 

not support normal cell growth, such as restricted mitogen 

availability. 

Growth of the Nb2 rat lymphoma cell line is stimulated 

by lactogenic hormones (Prl, hGH, placental lactogens) in a 

concentration-dependent manner (Gout, et al., 1980a). Nb2 

cell cultures have been used to bioassay the level of human 

GH in serum and the levels of Prl in serum from a variety of 

species (Tanaka, et al., 1980; Lawson, et al., 1982). The 

lactogen-dependent Nb2 clone, Nb2-11c, has also been studied 

with respect to the cellular and molecular mechanisms 

responsible for Prl-stimulated mitogenesis (Too, et al., 



1987a, 1987b, 1989; Barkey, et al., 1988; Larsen and 

Dufau, 1988; Pines, et al., 1988) 
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When lactogens are withdrawn from the culture medium, 

Nb2 cells become quiescent, accumulating in the G1 phase of 

the cell cycle; restoration of Prl in the culture medium 

stimulates cells to re-enter the cell cycle (Richards, et 

al., 1982; Gout, 1984). When Nb2 cells experience Prl 

deprivation for prolonged periods of time, most cells un

dergo lysis while some slowly but steadily continue to 

proliferate. After acclimation to Prl-deficient medium, 

this subpopulation of Prl-independent cells will achieve a 

growth rate equivelant to that of the original lactogen

dependent cultures grown in lactogen-supplemented medium. 

Nb2 cells can, therefore, progress from a state of hormone

dependency to one of relative autonomy when challenged by 

Prl deprivation. This progression may involve qualitative 

or quantitative changes in the patterns of autocrine growth 

factor secretion or response, resulting in relaxed growth 

factor requirements in the autonomous cells compared to the 

hormone-dependent cells. 

The aims of the present studies were to determine: 1) 

whether medium conditioned by either lactogen-dependent or 

lactogen-independent Nb2 cells affects the growth of either 

cell line and if so, whether the effect is growth stimula

tion or inhibition, 2) whether the activity of eM is 
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modified by the proliferative status of cells conditioning 

the medium or the time period of conditioning, 3) whether 

CM promotes cell growth, induces quiescence, or causes cell 

death and whether these effects of CM result in changes in 

cell cycle distribution, 4) whether the effect of CM on 

growth is reversible, and 5) whether the effect of CM on 

Nb2-llc cell growth is dependent upon the specific mitogen 

(Prl, FBS, or hGH) available to the cells. 

Materials and Methods 

Nb2 Cell Cultures 

The lactogen-dependent Nb2 rat lymphoma cell line, Nb2-

llc, and the lactogen-independent Nb2-SP cell line were gen

erously provided by Dr. H.G.Friesen, Dept. of Physiology, 

University of Manitoba. Nb2-llc cells were maintained in 

suspension culture in 75 cm2 Falcon tissue culture flasks 

(Baxter Scientific, McGaw Park, IL) in Fischer's medium (FM) 

(Grand Island Biological Co., Grand Island, NY) supplemented 

with 10% FBS as a source of lactogens, 10% lactogen

deficient HS, 0.1 roM 2-mercaptoethanol (2-ME), penicillin 

(50 units/ml) and streptomycin (50 ~g/ml) at 37°C in an at

mosphere of 5% CO2-95% air. Nb2-SP cells were similarly 

maintained, except growth medium was devoid of FBS. 
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Two days prior to the experiments, cells were washed 

and resuspended in fresh growth medium to establish exponen

tial growth; on the day of each experiment, cells were 

washed prior to resuspension in treatment medium. In most 

experiments using Nb2-11c cells, purified ovine Prl was used 

instead of FBS to stimulate growth. In experiments using 

Nb2-SP cells, growth was stimulated by 10% HS (similiar to 

culture maintenance conditions). 

Lactogen content of HS was determined to be below the 

content detectable by the Nb2-11c lymphoma cell bioassay 

(i.e. less than 10 pg/ml). Sera and antibiotics were ob

tained from Irvine Scientific (Santa Ana, CA); 2-ME, FM, 

and oPrl (31 I.U./mg) were purchased from Sigma Chemical Co. 

(st. Louis, MO). Cell nUmbers were determined using an 

electronic counter (Coulter Electronics, Hialeah, FL). 

Preparation and Bioassay of Conditioned Medium 

Conditioned medium was usually prepared by washing 

exponentially-growing cultures with serum-free medium and 

resuspending cells in FM. However, in some experiments, FM 

was supplemented with HS, FBS, and/or oPrl during the con

ditioning period. Conditioning time periods lasted for ei

ther 48, 72, or 96 hrs. At the end of the conditioning pe

riod, cell suspensions were centrifuged (10 min at 1500 RPM) 

and cellular debris was removed from the supernatants by 
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filtration through a 0.22 ~m pore size filter (Millipore: 

Gelman Sciences). In most experiments, this CM and uncondi

tioned FM were supplemented with sera, oPrl or hGH (NIDDK

HIH, Lot AFP-4793B, Bethesda, MD), antibiotics, and 2-ME and 

applied directly to pellets of washed, exponentially-growing 

cells for a final cell concentration of 0.3 x 106 cells/mI. 

Cells suspended in supplemented FM or CM were aliquoted into 

12 or 24 well culture plates. Growth of untreated or CM

treated cells was then assayed by counting the cells in 

duplicate wells to obtain the mean cell number for each 

group on each day of the experiment. 

In other experiments, FM and CM were desalted and con

centrated by ultrafiltration prior to assaying for growth 

modulating activity. Serum-free FM or CM (1 L) was con

centrated in a sterile 500 ml Amicon unit (Amicon Corpora

tion, Lexington, MA) using a UM05 (500 D pore size) 

ultrafiltration membrane. Concentrated CM was then rinsed 

with a two-fold volume of deionized-distilled water to as

sure adequate desalting. After FM or CM had been con

centrated to approximately 1/100th the original volume (os

molality of approximately 30 mOsm/kg water), it was lyophil

ized. FM and CM were then reconstituted in fresh medium to 

1/100th the original volume. Exponentially-growing cells 

were washed and resuspended in fresh, supplemented medium at 

a concentration of 0.3 x 106 cells/ml and then aliquoted 
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into 12 or 24 well culture plates. Concentrated CM was 

added to each culture well at final dilutions of 1:10 and 

1:100. Growth of untreated or CM-treated cells was assayed 

by counting cells in duplicate wells to obtain the mean cell 

number for each group on each day. 

Analysis of Cell Viability 

The trypan blue dye exclusion test was employed to 

determine the viability of untreated and CM-treated cells. 

Nb2-11c cells were cultured in fresh FM or CM supplemented 

with 10% HS, 1 ng/ml oPrl, 2-ME, and antibiotics for 5 days. 

An aliquot of cells was then taken from each treatment group 

on day 5 and trypan blue dye (GIBCO) was added for a final 

concentration of dye equal to 0.067%. Cell counts were per

formed using a hemacytometer (Levy counting chamber with 

double Neubauer ruling, VWR Scientific) and the percentages 

of live cells (cells that did not retain dye) and dead cells 

(cells that retained dye) in the total population were cal

culated. 

Reversibility of CM-mediated Growth Inhibition 

To determine whether the inhibitory effect of Nb2-CM 

was reversible, llc cells were incubated in 10% HS and 1 

ng/ml oPrl supplemented CM for 72 hrs (during which time 

growth inhibition occured compared to untreated cultures). 



120 

Cultures were then washed and resuspended in fresh supple

mented FM at 72 hrs. These cells were then counted at 96 

and 120 hrs, and the number of cells in the washed, CM

treated cultures resuspended in FM was compared to the num

ber of cells in the unwashed, CM-treated cultures. 

Flow Cytometry 

For flow cytometric analysis, exponentially-growing 

Nb2-11c cells were washed and resuspended in either FM or 

serum-free 11c-CM, both of which were supplemented with 10% 

HS, 1 ng/ml oPrl, 2-ME, and antibiotics. cultures were in

cubated for six days, and on each day cell counts were per

formed followed by fixation of cells from both groups for 

DNA analysis. On days 2 and 4, both untreated and CM

treated cultures were washed and resuspended in fresh FM or 

freshly prepared CM, respectively, supplemented with serum 

and/or Prl and subcultured 1:1 if cell densities were high. 

This step was necessary to assure that cell cycle character

istics were not affected by nutrient or growth factor deple

tion and/or cell crowding at high densities during the 

prolonged assay period. For those cells that were subcul

tured, subsequent cell counts were corrected by mUltiplying 

by the subculture factor. 

For DNA analysis, cell suspensions were centrifuged and 

pellets of 106 cells were resuspended in 0.5 ml of serum-
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containing medium. Fresh, cold methanol:acetic acid (3:1) 

was added to cell suspensions and samples were stored in a 

-10oC freezer for a maximum of 1 week. Cells were then 

rehydrated by 3 washes with medium, resuspended to 1 ml, and 

treated with heat-inactivated RNAase (0.1 mg/ml final con

centration) for 30 min at room temperature. Finally, cells 

were stained with propidium iodide (100 ~g/ml final con

centration) (Sigma) and samples were protected from direct 

light. Samples were run on a FACStar flow cytometer and an

alyzed for fluorescence above 620 nm with an excitation fil

ter of 488 nm. Fluorescence from at least 10,000 cells was 

accumulated for each sample. The percentage of cells in the 

G1 , M, and G2 + M phases of the cell cycle for each sample 

was determined by a DNA software program (Becton-Dickinson), 

which used the sum of broadened rectangles model to calcu

late the number of cells in each phase. 

statistical Analysis 

statistical differences between means were determined 

by one-way analysis of variance with post-hoc comparisons 

made by the least significant differences test. Differences 

were considered to be statistically significant at the 95% 

or above confidence level (P < 0.05). 
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Results 

Dose-dependent Inhibition of Nb2-llc Cell Growth by 

Nb2-llc and Nb2-SP Conditioned Medium. The lactogen (1 

ng/ml oPrl)-stimulated growth of Nb2-11c cells is inhibited 

in a dose-dependent fashion by both 11c-CM and SP-CM (Figure 

11, Table 3). Increasing the percentage of serum-free CM in 

the incubation medium results in a steady decline in the 

growth rate. When 11c cells are incubated in 20% 11c-CM/80% 

FM, growth is inhibited by 12%; inhibition rises to 39% 

when cells are incubated in 100% 11c-CM. A similiar dose

dependent inhibition of 11c growth occurs when cells are in

cubated in SP-CM; growth is slightly inhibited when the in

cUbation medium contains 20% SP-CM (8% inhibition) but is 

strongly inhibited when cultured in 100% SP-CM (45% inhibi

tion). Significant inhibition of 11c cell growth occurs 

when 40%, 60%, 80%, and 100% of the incubation medium is 

11c-eM and when 60%, 80%, and 100% of the incubation medium 

is SP-CM. 

Effects of Nb2-llc and Nb2-SP Conditioned Medium on 

FBS-stimulated llc Cell Growth. To determine whether Nb2-CM 

could inhibit FBS-stimulated Nb2-11c growth, cells were in

cubated in 11c-CM or SP-CM supplemented with 1%, 5%, 10%, or 

20% FBS in addition to 10% HS, 2-ME, and antibiotics. In 
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these studies, eM was prepared by incubating 11c cells (0.5 

or 1.5 x 106 cells/ml) or SP cells (0.5 x 106 cell/ml) in FM 

supplemented with 10% HS for 72 hrs. During this incubation 

period, 11c cells became stationary and SP cells 

proliferated in a logarithmic manner. 

The growth response of 11c cells to FBS was dose

dependent, as evidenced by the slight gradient in control 

cell number over the FBS concentration range of 1 to 20% at 

96 hrs (Table 4). Both 11c-eM and sp-eM inhibited the 

growth of FBS-stimulated 11c cells. The inhibitory poten

tial of sp-eM was dependent upon the percentage of FBS in 

the culture medium; that is, as the percent of FBS in

creased, inhibition by sp-eM decreased. Inhibition of cell 

growth by sp-eM was highest at the lowest concentration of 

FBS assayed. Inhibition of cell growth by 11c-eM was not 

dependent upon FBS concentration nor was it as great as the 

inhibition exerted by sp-eM. The difference in inhibitory 

activity of 11c-eM and sp-eM is correlated with the rate of 

growth of cells and/or number of cells conditioning the me

dium; 11c cells remained stationary during the conditioning 

time period whereas SP cells underwent exponential growth. 

Inhibitory activity was low or absent when eM was prepared 

using 0.5 x 106 11c cells/ml but was significant when a 

greater concentration of cells (1.5 x 10 6 cells/ml) was used 

to condition the medium. 
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Relationship of Growth Rate of Cells Conditioning Me

dium to the Growth Inhibitory Activity of Conditioned Me

dium. This experiment was performed to quantify the growth 

inhibitory potential of conditioned medium produced by cells 

undergoing different rates of growth. As shown in Tables 3 

and 4, medium conditioned by 11c or SP cells inhibits the 

growth of 11c cells stimulated either by PrIor FBS. Table 

5 shows that both 11c-CM and SP-CM can also inhibit the 

growth of SP cells. 

To further sUbstantiate that the growth inhibitory ac

tivity of CM is related to the rate of proliferation or num

ber of cells conditioning the medium, 11c and SP cells were 

incubated in medium supplemented with various combinations 

of sera and/or Prl at an initial concentration of 0.3 x 10 6 

cells/mI. After a 72 hr conditioning period, cell counts 

were performed, the percent change in cell number for each 

eM group was calculated, and eM was harvested and bioas

sayed. The degree of inhibition of both 11c and SP cell 

growth by either CM was directly related to the growth rate 

of cells conditioning the medium (Table 5). The greatest 

percents of inhibition of 11c or SP cell growth by 11c-eM 

occured when eM was prepared in the presence of 10% HS and 1 

ng/ml oPrl or 10% FBS, both of which are mitogenic. The 

lowest percent of inhibition of growth by 11c-eM was exerted 

by serum- and Prl-free eM, in which growth was arrested. 
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SP-CM inhibitory activity was also highest in CM prepared by 

incubating cells in FM with 10% RS, which stimulated growth. 

Conversely, growth inhibition by SP-CM was lowest when CM 

was prepared from FM alone. In fact, both llc and SP cells 

conditioning unsupplemented FM underwent a slight decline in 

cell number during the 72 hr conditioning period. 

Relationship of Conditioning Time Period to the Growth 

Inhibitory Activity of Conditioned Medium. To determine 

whether the length of the conditioning time period was re

lated to the inhibitory activity of CM, llc and SP cells 

were incubated in fresh growth medium (FM supplemented with 

10% RS, 2-ME, and antibiotics for SP cells; also with 1 

ng/ml oPrl for llc cells) at an initial concentration of 0.3 

x 106 cells/ml and cultured for 48, 72, or 96 hrs. At the 

end of each conditioning time period, cell counts were per

formed, the percent increase in cell number was calculated, 

and CM was harvested as described in Materials and Methods. 

These CMs were then assayed for growth inhibitory activity 

in both cell lines. The inhibitory activity of both CMs was 

directly related to the conditioning time period, with in

hibition of growth of both llc and SP cells being lowest 

when incubated in medium conditioned for 48 hrs and highest 

when incubated in medium conditioned for 96 hrs (Table 6). 

As the length of the conditioning time period increased, the 
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percent increase in the number of cells conditioning the me

dium was augmented, again correlating CM inhibitory poten

tial to cell number and/or growth rate. 

Viability, Reversibility of Inhibition, and Flow 

Cytometric Analysis of Nb2-11c Cells Treated with llc-CM. 

To determine whether CM was exerting a negative influence on 

Nb2-11c cell growth via cytostatic or cytotoxic mechanisms, 

cell viability and cell cycle distribution were analyzed. 

After 5 days of inCUbation in SP-CM or 1Ic-CM, an average of 

86% or 84%, respectively, of cells were viable compared to 

88% viability for untreated cultures. When CM-treated cells 

were washed and resuspended in fresh, supplemented FM at 72 

hrs, growth resumed compared to unwashed CM controls. Cells 

which were maintained in 100% CM for 120 hrs were inhibited 

by 39% and 45% for 11c-CM and SP-CM, respectively (Table 3), 

whereas 11c-CM and SP-CM treated cells that were washed and 

resuspended in unconditioned medium were only inhibited by 

4% and 18%, respectively~ at 120 hrs (Figure II). 

To determine whether CM caused blockage of Nb2 cells in 

the G1 phase, flow cytometry was performed on CM-treated and 

untreated cells. As shown in Figure 12, 11c-CM inhibited 

the growth of 11c cells over a 6 day period. In this exper

iment, medium was changed on days 2 and 4. Cells were also 

subcultured if high densities were reached. These steps 
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were implemented to alleviate possible artifacts in cell 

cycle distribution arising from nutrient and/or growth fac

tor depletion and cell overcrowding which might occur over 

the prolonged assay period, possibly masking the effects of 

CM. Cell cycle distribution was analyzed every 24 hrs. The 

percentages of cells in each phase of the cell cycle were 

nearly identical for untreated and CM-treated cells on each 

day (Table 7). 

Effects of Nb2-11c Conditioned Medium on Prl-stimulated 

Nb2-11c Cell Growth Over a Concentration Range of 0-100 

ng/ml Prl. When llc cells are incubated in 11c-CM or SP-CM, 

the growth of cells stimulated by 1 ng/ml oPrl is inhibited. 

To determine whether this inhibitory effect of CM occurs at 

suboptimal and supraoptimal Prl concentrations, the effects 

of 11c-CM on 11c growth over a concentration range of 0-100 

ng/ml oPrl were studied. In this study, lOa-fold con

centrates of FM or 11c-CM were added at 1:10 (la-fold final 

concentration) and 1:100 (l-fold final concentration) dilu

tions to wells containing cells suspended in FM supplemented 

with 10% HS, 2-ME, antibiotics, and appropriate concentra

tions of oPrl. On day 3, medium was changed and cells were 

subcultured if high densities were reached. Individual 

pairs of growth curves for untreated and concentrated FM and 

CM-treated 11c cells at each oPrl concentration assayed are 
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illustrated in Figure 13. CM at either 1-fold or 10-fold 

concentrations caused steady growth inhibition over the 

bioassay period in the presence of 0.01, 1.0, or 100.0 ng/ml 

oPrl. Inhibition of cell growth was directly proportional 

to the final concentration of CM in the growth medium (Table 

8). In the absence of oPrl, control cultures became quies

cent. cultures exposed to 10-fold concentrates of CM dis

played slightly but significantly lower cell densities 

throughout the experiment compared to their untreated 

counterparts, although in the absence of oPrl, the degree of 

inhibition of growth by CM was much less than that exerted 

in the presence of oPrl. 

Effects of Nb2-11c Conditioned Medium on hGH-stimulated 

Nb2-11c Cell Growth. Human GH stimulated the growth of Nb2-

11c cells in a dose-dependent manner (Table 9, Figure 14). 

The magnitude of growth stimulation by hGH was much lower 

than that of Prl at similar concentrations (i.e. 1 ng/ml), 

suggesting that hGH is the weaker of the two Nb2-11c 

mitogens or that the particular lot of hGH employed had un

usually low growth stimulating activity. Medium conditioned 

by Nb2-11c cells inhibited the growth of 11c cells stimu

lated with 1.0 and 10 ng/ml hGH but not 0.1 ng/ml hGH. The 

greater the rate of growth induced by hGH in control cul

tures, the greater the degree of inhibition of hGH-
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stimulated growth in CM-treated cultures. CM appears to ef

fect growth by slowing the rate of cell division rather than 

inducing quiescence or causing cell death: CM-treated cul

tures display continuous, slow growth throughout the assay 

period rather than no change in cell number or an abrupt 

decline in cell number below initial seeding densities. 

Discussion 

The rate of cell division and the cessation of cell 

division which occurs when an upper limiting density is 

reached are potentially influenced by one or more of the 

following factors: 1) cell to cell contact-mediated growth 

arrest, 2) depletion of growth factors in the culture me

dium, and 3) accumulation of inhibitory products in the me

dium (steck, et al., 1979). Cells which grow in monolayer 

may experience contact-mediated inhibition as confluence is 

approached, due either to direct cell-to-cell interactions 

or diminishing surface area for attatchment. Since Nb2 

cells are maintained in suspension culture, direct inter

cellular contact is uncommon and cell division is not depen

dent upon sUbstratum attatchment. Therefore, it is unlikely 

that the growth rate of Nb2 cells or the quiescence in 

proliferation that occurs at high cell densities are in

fluenced by direct cellular interactions. 
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Depletion of mitogenic factors and/or co-factors proba

bly occurs in Nb2 cultures as these factors bind to cell 

membranes and are internalized, triggering the chain of 

events which drive proliferation. If depletion of serum 

growth factors or medium nutrients occurs as proliferation 

ensues, addition of fresh serum or medium should re

stimulate growth. By the same token, if eM inhibits cell 

growth in the absence of fresh serum and medium, but has no 

effect on growth in the presence of fresh serum and/or me

dium, the inhibitory activity of the eM is most likely due 

to depletion of essential serum or meqium nutrients by cells 

during the conditioning period. However, eM assayed in the 

presence of fresh serum (and Prl) inhibits the growth of Nb2 

cells, and cells cultured in FM supplemented with serum (and 

Prl) to which small amounts of concentrated eM are added 

display reduced rates of growth compared to cells cultured 

in supplemented FM devoid of eM. Therefore, it is likely 

that the inhibitory activity of eM is due to the presence of 

a soluble inhibitori factor(s) rather than growth factor or 

nutrient depletion of eM. 

Medium conditioned by either lactogen-dependent Nb2-11c 

cells or lactogen-independent Nb2-SP cells inhibits the 

growth of both cell lines (Pelletier and Blask, 1989). 

Thus, although the mechanisms of growth stimulation of these 

cell lines differ, they appear to share a common mode of 
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growth restriction in the secretion of an autocrine growth 

inhibitory factor(s). The degree of inhibition of Nb2 cell 

growth by either llc-eM or sp-eM is directly related to the 

number of cells conditioning the medium. Three lines of 

evidence support this conclusion: 1) when the medium being 

conditioned is supplemented with serum or Prl such that 

growth is stimulated and cell number increases, the in

hibitory activity of the eM is great compared to medium con

ditioned by quiescent or slowly proliferating cells (Tables 

2 and 3), 2) as the conditioning time period increases and 

the number of cells conditioning the medium increases, the 

growth inhibitory activity of eM increases (Table 6), and 3) 

when eM is prepared by non-proliferating cells at low and 

high densities, significant growth inhibitory activity is 

only present in the high cell density eM (Table 4). This 

third line of evidence not only indicates that eM inhibitory 

activity is dependent upon cell number, but also that cell 

division per se is not critical for inhibitory factor 

synthesis and/or secretion~ Since eM prepared in the ab

sence of exogenous mitogens exhibits inhibitory activity, it 

is likely that autocrine inhibitory factor secretion by Nb2 

cells is constitutive, and the magnitude of growth inhibi

tion by eM is therefore proportional to the absolute number 

of cells secreting this factor into the medium. In routine 

culture, autocrine inhibition probably contributes to the 



growth arrest that occurs as high cell densities are ap

proached since inhibitory activity is proportional to the 

number of cells secreting the inhibitor. 
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Growth inhibition of 11c cells by either serum-free 

11c-CM or SP-CM supplemented with fresh serum and Prl is 

dose-dependent (Table 3, Figure 11). That is, dilution of 

CM with FM results in a step-wise decline in the percent in

hibition of cell growth. The response of 11c cells to CM is 

roughly linear in the range of 60% to 100% CM. These 

results support the argument against depletion of serum 

growth factors as the mechanism of growth inhibition by CM 

since all dilutions of CM/FM were supplemented with identi

cal concentrations of serum and Prl. 

The degree of growth inhibition exerted by 11c-CM and 

SP-CM at any dilution assayed is not significantly dif

ferent; thus, 11c and SP cells secrete similar amounts of 

growth inhibitor into their medium. Although SP cells have 

progressed from lactogen-dependency to independency, it is 

interesting that thes~ relatively autonomous cells are 

capable of synthesizing and secreting virtually the same 

amount of autocrine growth inhibitory factor(s) as 11c 

cells. SP cells incubated in HS-supplemented medium 

proliferate at a rate almost equivelant to 11c cells in HS 

and Prl-supplemented medium, as illustrated by the percent 

increase in cell number of either cell line at conditioning 
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time periods of 48, 72, and 96 hrs (Table 6) .. When the in

hibitory activity of these CMs is assayed, not only are 11c 

and SP cells inhibited to the same degree by llc-CM, but SP

CM also inhibits the growth of both cell lines to virtually 

the same degree as 11c-CM. In as much as the responses of 

each cell line to its own CM and CM produced by the other 

cell line are quantitatively similar, it is possible that 

both cell types secrete the same amount of a single, common 

Nb2 cell growth inhibitor. 

Not only do 1Ic-CM and SP-CM inhibit the Prl-stimulated 

growth of 11c cells (Table 8, Figure 13), but they both also 

inhibit growth stimulated by high concentrations of hGH 

(Figure 14) and by FBS in a concentration range including 1, 

5, 10, and 20% FBS (Table 4). The differential effects of 

the CMs tested on FBS-stimulated llc cells are due to dif

ferences in the numbers of cells conditioning the medium, 

which is in turn dependent upon the initial number of cells 

incubated and the growth-stimulatory potential of the medium 

being conditioned. Additionally, these results suggest that 

during growth, Nb2 cells release more inhibitory factor than 

when they are dormant. In fact, when SP cells are incubated 

in FM alone and are not proliferating (Table 3), the in

hibitory potential of their conditioned medium is almost 

half of that produced by dividing cells (Table 4). 
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Although the degree of inhibition of cell growth by 

11c-eM is not dependent upon the percent of PBS in the me

dium, the inhibitory activity of sp-eM is inversely related 

to the concentration of PBS added to the eM. Three possible 

causes of decreased growth inhibition by sp-eM in the face 

of increasing PBS concentrations can be postulated: 1) as 

the PBS concentration increases, the inhibitor is diluted, 

resulting in lower inhibition at higher PBS concentrations, 

2) as PBS concentration increases, an increasing amount of 

inhibitory factor becomes bound to a serum protein and is 

functionally inactivated, thus lowering the inhibitory ac

tivity of the eM, and 3) increasing the concentration of 

PBS increases the amount of lactogen (and perhaps other 

growth factors or co-factors) available to the cells, 

providing a stronger mitogenic signal against which the eM 

inhibitor had to compete. 

Although cultures treated with eM have lower numbers of 

cells than untreated cultures, eM is not cytotoxic and its 

effects on cell growth are reversible. Thus, eM either in

duces quiescence by arresting cells at some point in the 

cell cycle or impedes progression through all phases of the 

cell cycle, enabling cell division to proceed but at a 

slower rate than that of untreated cells. Removal of eM and 

resuspension of cells in supplemented unconditioned medium 

frees cells from the growth restraints of the eM inhibitory 
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factor, allowing cells to resume their progression through 

the cell cycle and to divide. 

Many cell lines exhibit a redistribution within the 

cell cycle when deprived of essential growth factors and be

come quiescent; a simultaneous increase in the proportion 

of cells in the G1 phase of the cell cycle and decrease in 

proportions of cells in the other phases occurs. This 

phenomenon occurs in Nb2-11c cells when they are deprived of 

lactogens; cells become stationary and accumulate in the G1 

phase of the cells cycle. Addition of lactogens to the cul

ture medium stimulates cells to resume division (Richards, 

et al., 1982; Gout, et al., 1984). Similar percentages of 

CM-treated cells and untreated cells are present in each 

phase of the cell cycle over a six day incubation period, 

although cell number is reduced in CM-treated cultures com

pared to FM controls (Table 7). Thus, the inhibitory factor 

in Nb2-CM appears to induce a general lag in progression 

through all phases of the cell cycle, rather than causing 

blockage and accumulation of cells in one particular phase. 

CM-mediated growth inhibition becomes apparent after 

the first round of cell division and the degree of inhibi

tion generally increases with time (Figure 12). The latter 

characteristic of growth inhibition by CM may be related to 

a net increase in the concentration of the inhibitor in the 

medium with time, resulting from a summmation of the 
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original concentration of inhibitor in the CM being assayed 

with inhibitor produced by the target cells during the in

cUbation period. The lag to first appearance of growth in

hibition as manifest by cell counts may be due to the nature 

of the inhibitor as a general cell cycle retardent. For ex

ample, if the CM inhibitor caused arrest in a particular 

phase of the cell cycle such as G1 , division would cease 

within a day if doubling time was less than 24 hours. Also, 

growth would be practically null throughout the incubation 

period unless escape from cell cycle arrest occured. It ap

pears that Nb2 cells continue to divide in the presence of 

CM, but at a slower rate than untreated cells, and inhibi

tion is therefore not apparent until 48 or 72 hr time 

points. 

Several mechanisms of action could be proposed for the 

putative Nb2-CM growth inhibitory factor. The inhibitor 

could be acting at the level of the Prl receptor to slow 

growth by competing with Prl for binding sites or physically 

blocking Prl receptors and interfering with Prl binding. 

since SP cells, which are not specifically stimulated by 

lactogens, are also inhibited by Nb2-CM, it is unlikely that 

the CM inhibitor is acting at the level of the Prl receptor 

to attenuate growth. It is more likely that the CM in

hibitor binds to its own cell surface receptor which leads 

to a cascade of intracellular events mediating growth in-



137 

hibition. Activation of intracellular second messengers 

such as protein kinases is a common feature of both growth 

stimulatory and inhibitory factors. The Nb2-CM inhibitor 

could cause accumulation of a second messenger (anti

mitogenic) which acts in opposition to a second messenger 

(mitogenic) stimulated by an exogenous growth stimulatory 

factor. Conversely, the CM-induced second messenger(s) 

could deactivate a critical component of the mitogenic sec

ond messenger system, thereby attenuating mitogenic stimula

tion. Lastly, the second messenger activated by the Nb2-CM 

inhibitor and Nb2 mitogens could be one in the same, leading 

to IIdown regulation ll of second messenger levels by decreased 

synthesis or increased degradation after an initial burst in 

activation. This last hypothesis is supported by evidence 

that incubation of Nb2 cells in CM can lead to an initial 

stimulation of growth followed by a latter inhibition of 

growth (Table 7, Day 1). 

In summary, medium conditioned by either lactogen

dependent Nb2-11c cells or labtogen-indendent Nb2-SP cells 

inhibits the growth of either cell line. The growth in

hibitory activity of Nb2-CM appears to be due to the 

presence of an autocrine inhibitory factor which is con

stitutively secreted by both cell lines. The growth in

hibitory potential of either serum-containing or serum-free 

CM is directly related to the number of cells conditioning 
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the medium. with respect to the Nb2-11c cell line, the in

hibitory effect of CM is dose-dependent, cytostatic, and re

versible. Nb2-CM does not cause phase-specific cell cycle 

arrest, but rather, causes a general delay in the progres

sion of cells through all phases of the cell cycle. Nb2-CM 

inhibits the growth of llc cells stimulated by either FBS, 

oPrl, or hGH. 



Table 3. Dose-dependent Inhibition of Nb2-11c Cell Growth by Conditioned Medium 

Mean cell number x 106/ml ± SE at 120 hrs 

CM (%) 11c-CM+ SP-CM+ 

0 2.000 ± 0.200 1.825 ± 0.075 
20 1. 750 ± 0.150 1.675 ± 0.075 
40 1.700 ± 0.100* 1.550 ± 0.050 
60 1.625 ± 0.025* 1.525 ± 0.025* 
80 1. 525 ± 0.025* 1. 250 ± 0.050* 
100 1.225 ± 0.075* 1. 000 ± 0.100* 

Percent inhibition 
of cell growth by CM 

11c-CM 

12 
15 
18 
24 
39 

SP-CM 

8 
15 
16 
32 
45 

+ CM was prepared by incubating 1.5 x 106 cells/ml in FM for 48 hrs. 

* P < 0.05 compared to controls (0% CM). 

I-' 
W 
\D 



Table 4. Effects of 11c and SP Conditioned Medium on FBS-stimulated llc Cell Growth 

Percent inhibition 

Mean cell number x 106jml ± SE at 96 hrs 
of growth by CM 

compared to controls 

% 
FBS Control 11c-CMa+ 11C-CMb++ SP-CM+++ llc-CMa 11c-CMb SP-CM 

1 2.000 ± 0.058 2.000 ± 0.090 1.725 ± 0.075* 0.450 ± 0.029* 0 14 

5 2.054 ± 0.029 1.975 ± 0.025 1.550 ± 0.087* 0.800 ± 0.000* 4 24 

10 2.112 ± 0.058 1.900 ± 0.000 .1. 500 ± 0.115* 0.975 ± 0.048* 0 29 

20 2.216 ± 0.029 1.800 ± 0.091 1.825 ± 0.048 1.050 ± 0.029* 2 18 

+ CM prepared by incubating 0.5 x 106 11c cells/ml in FM with 10% HS for 72 hrs. 
++ CM prepared by incubating 1.5 x 106 11c cells/ml in FM with 10% HS for 72 hrs. 
+++ CM prepared by incubating 0.5 x 106 SP cells/ml in FM with 10% HS for 72 hrs. 

* P < 0.05 compared to controls. 

77 

61 

54 

53 

f-' 
.t:> 
o 



Table 5. Relationship of Growth Rate of Cells Conditioning Medium to the Growth 
Inhibitory Activity of Conditioned Medium 

Cell line 

11c FM 
11c FM, 
11c FM, 
11c FM, 
11c FM, 

SP FM 
SP FM, 
SP FM, 

Conditioned medium 

Composition 

10 % HS 
1 ng/ml oPrl 
10% RS, 1 ng/ml oPrl 
10% RS, 10% FBS 

1 ng/ml oPrl 
10% RS 

Percent change in cell number 
after 72 hr conditioning period 

-17 
+33 

+100 
+373 
+483 

-17 
o 

+250 

* P < 0.05 compared to controls. 

Percent inhibition 
of cell growth 

by CM at 100 hrs 

11c SP 

22* 5 
17* 15* 
31* 25* 
43* 44* 
66* 61* 

23* 16* 
27* 25* 
42* 44* 

f-' 
~ 

f-' 



Table 6. Relationship of conditioning Time Period to the Growth Inhibitory Activity 
of Conditioned Medium 

Cell line 

llc 
11c 
11c 

SP 
SP 
SP 

Conditioned medium + 

Conditioning 
time period (hrs) 

48 
72 
96 

48 
72 
96 

Percent increase 
in cell number 

233 
467 
600 

233 
483 
617 

Percent inhibition of 
growth by CM at 96 hrs* 

11c SP 

26 28 
61 63 

70 71 

26 30 
63 67 
68 72 

+ 11c-CM was prepared by 'incubating 0.3 x 106 11c cells/ml in PM su~plemented with 
10% HS and 1 ng/ml oPrl. Sp-CM was prepared by incubating 0.3 x 10 SP cells/ml in 
PM with 10% HS. 

* all values P < 0.05 compared to controls. 

I-' 
.,j:>. 

tv 



Table 7. Inhibition of Nb2-11c Cell Growth by 11c-CM and the 
Distribution of FM Control and CM-treated Cells in the Cell Cycle 

Mean cell number x 106jml ± SE 
% of cells in each phase 

of the cell cycle 
% change in growth 
of CM-treated cells 

Day FM Control CM compared to controls control CM 

1 0.593 ± 0.021 0.715 ± 0.013* +21 G1 : 64 61 
S: 32 35 
G2M: 4 5 

2 1.811 ± 0.034 1.032 ± 0.030* -43 G1 : 63 61 
S: 29 35 
G2M: 8 4 

3 3.470 ± 0.031 1.160 ± 0.008* -67 G1 : 59 NjD 
S: 33 
G2M: 8 

4 5.717 ± 0.238 1.895 ± 0.057* -67 G1 : 64 61 
S: 29 36 
G2M: 8 3 

5 7.540 ± 0.104 2.756 ± 0.132* -63 G1 : 56 NjA 
S: 34 
G2M: 10 

6 8.659 ± 0.069 4.368 ± 0.034* -50 G1 : 64 63 
S: 33 30 
G2M: 3 7 

* P < 0.05 compared to controls. I-' 
,!::. 

W 



Table 8. Effects of 11c-CM on Prl-stimulated 11c Cell Growth Over a Concentration 
Range of 0-100 ng/ml Prl 

Treatment o ng/ml oPrl 

Control 0.422 ± 0.008 

FM 1x 0.380 ± 0.011* 

CM 1x+ 
(10) 

0.409 ± 0.004 
(3) 

FM lOx 0.379 ± 0.005* 
(10) 

CM lOx 0.355 ± 0.015* 
(16) 

Mean cell number x 106/ml ± SE at 120 hrs 
(% inhibition of growth compared to control) 

0.1 ng/ml oPrl 1.0 ng/ml oPrl 100 ng/ml oPrl 

1.981 ± 0.008 4.289 ± 0.016 4.834 ± 0.011 

1. 889 ± 0.006* 4.184 ± 0.004* 4.729 ± 0.014* 
(5) (2) (2) 

1.312 ± 0.020* 2.553 ± 0.018* 2.767 ± 0.011* 
(34 ) ( 40) (43) 

1.762 ± 0.014* 3.923 ± 0.015* 4.446 ± 0.019* 
( 11) (8) (8) 

1.228 ± 0.019* 1.824 ± 0.007* 2.364 ± 0.016* 
(38) (57) (51) 

+ CM was prepared by incubating 1.5 x 106 cells/ml in FM for 48 hrs. FM and CM were 
desalted and concentrated 100-fold and added at a dilutions of 1:10 and 1:100 to 11c 
cells in fresh, 10% HS supplemented medium containing oPrl over the concentration 
range assayed. 

* P < 0.05 compared to controls. 

I-' 
,!>. 
,!>. 



Table 9. Effects of 11c-CM on hGH-stimulated Nb2-11c Cell Growth 

Mean cell number 
x 106/ml ± SE at 96 hrs 

Mitogen concentration Control 11c-CM+ 

1.0 ng/ml oPrl 2.275 ± 0.125 1.175 ± 0.075* 

0.1 ng/ml hGH 0.475 ± 0.025 0.475 ± 0.025 

1.0 ng/ml hGH 0.825 ± 0.075 0.725 ± 0.025 

10.0 ng/ml hGH 2.025 ± 0.025 1.100 ± 0.000* 

Percent inhibition 
of growth by CM 

compared to controls 

48 

0 

12 

46 

+ CM was prepared by incubating 1.5 x 10 6 11c cells/ml in FM for 48 hrs. 

* P < 0.05 compared to controls. 
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Figure 11. Reversible dose-dependent inhibition of Nb2-11c cells growth by 11c
eM and Sp-eM. Nb2-11c cells were incubated in FM alone (0% eM), eM alone (100% 
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Chapter 3 

Inhibition of Normal Rat Splenocyte and MCF-7 Human Breast 

Cancer Cell Growth by Nb2 Lymphoma Cell Conditioned Medium: 

Evidence for Non-Cell Type Specific Growth Inhibition by the 

Nb2 Cell Autocrine Growth Inhibitory Factor 

Abstract 

Medium conditioned by either lactogen-dependent Nb2-11c 

cells or lactogen-independent Nb2-SP cells inhibits the 

growth of either cell line; Nb2 rat lymphoma cells appear 

to constitutively secrete an autocrine growth inhibitory 

factor into their medium (Chapter 2). To determine whether 

the inhibitory activity of Nb2-CM is specific for Nb2 cells 

and to corroborate the evidence that the Nb2 cell inhibitor 

can attenuate growth stimulated by lactogens as well as non

lactogenic mitogens, Nb2-CM was assayed for growth 

modulatory activity in Con A-stimulated rat splenocytes and 

FBS- and Prl-stimulated MCF-7 human breast cancer cells. 

Nb2-CM was able to significantly inhibit the growth of these 

normal immune cells and malignant epithelial cells in 

response to PrIor non-lactogenic mitogens, suggesting that 

the inhibitory factor secreted by and active in Nb2 cultures 

is not a cell-type specific common cell growth inhibitor. 
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The Nb2-CM inhibitory factor may be acting via similar me

chanisms to inhibit Nb2 cell, splenocyte, and MCF-7 cell 

growth since all three types of cells display reduced growth 

rates in response to Nb2-CM rather than quiescence or cell 

death and the degree of inhibition by Nb2-CM is directly re

lated to the rate of cell division in all three cell culture 

systems. 

Introduction 

Several growth factors initially isolated from the con

ditioned medium of a particular cell line or type and 

identified as autocrine growth regulators have been sub

sequently shown to influence the growth of many cell types 

in culture and in the organism. For example, TGF-fi was 

first identified as a negative autocrine growth regulator of 

monkey kidney epithelial cells (Holley, et al., 1980; Tuck

er, et al., 1984a), but was later demonstrated to both posi

tively and negatively modify the growth of many types of 

normal and neoplastic cells of fibroblastic, epithelial, and 

lymphocytic origin (Roberts, et al., 1985; Kerhl, et al., 

1986a, 1986b). Other autocrine growth factors such as TGF-a 

are secreted by several normal and neoplastic cell types 

both in vitro and in vivo (Todaro, et al., 1980; Marquardt 

and Todaro, 1982; Halper and Moses, 1983; Richmond, et 



al., 1983) and PDGF (Heldin, et al., 1980; Betzholtz, et 

al., 1983; Nister, et al., 1984). 
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While some autocrine growth factors are produced by and 

can influence the proliferation of many cell types in 

response to a variety of mitogens, others are only secreted 

by specific types of cells and can only affect the growth of 

the source cells or related target cells. For example, the 

lymphokine IL-2 is an autocrine growth stimulatory factor 

for malignant immune cells (Duprez, et al., 1985) as well as 

normal T lymphocytes (Smith, 1984). Autocrine secretion of 

IL-1 has also been described for normal T lymphocytes 

(Tartakovsky, et al., 1988). Cells of non-hematopoietic 

origin have not been shown to produce or respond to either 

of these lymphokines. 

The activity of a growth factor may depend upon the 

cell type assayed as well as whether the cells assayed are 

normal or neoplastic. For example, TGF-p is a bifunctional 

regulator of growth, stimulating the growth of normal mesen

chymal cells while inhibiting the growth of normal and 

neoplastic epithelial cells (Keski-oja, et al., 1987). Both 

normal retinal cells and keratinocytes are inhibited by TGF

P whereas their malignant counterparts do not respond to 

this factor (Kimchi, et al., 1988; Shipley, et al., 1986). 

Interestingly, TGF-p inhibits the growth of normal rat kid

ney cells but enhances the EGF-induced growth of transformed 



NRK cells (Nugent, et al., 1989). Therefore, cellular 

sensitivity to growth factors depends, in part, on their 

lineage and whether they are normal or transformed. 
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Medium conditioned by Nb2 rat lymphoma cells can in

hibit the growth of both lactogen-stimulated Nb2-11c cells 

and HS (mitogen unidentified)-stimulated Nb2-SP cells (Chap

ter 1). The inhibitory activity of Nb2-CM appears to be due 

to the presence of a constitutively secreted autocrine 

growth inhibitory factor. Nb2-CM was bioassayed for growth 

modulatory activity in cultures of Con A-stimulated normal 

rat splenocytes and FBS- and Prl-stimulated MCF-7 human 

breast cancer cells to determine 1) whether the Nb2-CM 

growth inhibitor is specific for Nb2 cells, immune cells, 

and/or neoplastic cells, and 2) whether the Nb2-CM growth 

inhibitor can be bifunctional, depending on the cell type 

assayed or the specific mitogen present. 

Materials and Methods 

MCF-7 Cell CUlture 

MCF-7 human breast cancer cells were generously pro

vided by Dr. Jeffrey Trent of the Arizona Cancer Center. 

Cells were maintained in monolayer in 75 cm2 Falcon tissue 

culture flasks (Baxter Scientific, McGaw ParK, IL) in Dul

becco's Modified Eagle's Medium (DMEM; GIBCO, Grand Island, 
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NY) supplemented with 10% fetal bovine serum (FBS), penicil

lin (50 units/ml) and streptomycin (50 ~g/ml) at 37°C in an 

atmosphere of 5% c02- 95% air. All sera and antibiotics 

were purchased from Irvine Scientific (Santa Ana, CA). 

Primary CUlture of Rat Splenocytes 

Adult female Sprague-Dawley rats (100-125 g weight) 

(Harlan Sprague-Dawley, San Diego, CA) were decapitated and 

spleens were removed. Spleens were repeatedly rinsed with 

sterile medium, transferred to a sterile hood, and diced 

with a razor blade into 1 mm3 pieces. These pieces were 

pressed through a 74 urn mesh screen in a cellector apparatus 

(Bellco). Cells were washed 3 times by centrifugation (7 

min at 1500 RPM) followed by resuspension of pellets in FM 

supplemented with 10% FBS, 10% HS, and antibiotics. Final

ly, splenocytes were suspended in FM supplemented with 5% 

FBS, 1.0 ~g/ml concanavalin A (Con Ai Type IV-S, sigma), 0.1 

roM 2-mercaptoethanol (2-MEi Sigma), and antibiotics and in

cubated at 37°C in an atmosphere of 5% co2- 95% air. 

Preparation and Bioassay of Nb2 Cell Conditioned Medium 

Lactogen-dependent Nb2-11c lymphoma cells were 

maintained in suspension culture in 75 cm2 tissue culture 

flasks in Fischer's medium (FMi GIBCO) supplemented with 10% 

FBS, 10% HS, 50 units/ml penicillin, 50 ~g/ml streptomycin, 



155 

and 0.1 roM 2-mercaptoethanol (Sigma). CM was prepared by 

washing 11c cells and resuspending 1.5 x 106 cells/ml in FM 

or DMEM for 48 hrs. At the end of this incubation period, 

cell suspensions were centrifuged (10 min at 1500 RPM) and 

supernatants were removed and filtered through 0.22 ~m pore 

filters (Millipore) to remove cellular debris. These super

natants (CMs) were used to resuspend pellets of MCF-7 cells 

or rat splenocytes and were supplemented with serum and/or 

other mitogens. Control cultures were prepared by incubat

ing cells in unconditioned medium with identical sup

plementation. 

To bioassay the effects of Nb2-CM on MCF-7 cell growth, 

MCF-7 cells were washed and resuspended either in fresh me

dium or CM supplemented with 10% FBS or 10% charcoal

stripped FBS and 250 ng/ml oPrl (Sigma Chemical Co., st. 

Louis, MO) and antibiotics. Cell suspensions were aliquoted 

into 60 x 15 mm Falcon culture plates (Baxter Scientific) at 

an initial cell density of 0.1, 0.15, or 0.2 x 106 cells/mI. 

Growth was determined by counting cell numbers in duplicate 

plates for each treatment group on each day with a 

hemacytometer (Levy counting chamber with double Neubauer 

ruling, VWR Scientific). To detach MCF-7 cells from the 

floor of the culture plates for counting, medium was 

aspirated and 0.5 ml 0.25% trypsin solution (GIBCO) was 

added. Plates were placed in the incubator for 2 mins, then 



removed and 4.5 mls of DMEM supplemented with 10% FBS was 

added. Cell suspensions were gently triturated through a 

syringe fitted with a 21 gauge needle to produce a single 

cell suspension before counting cells. 
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To bioassay the effects of Nb2-CM on rat splenocyte 

growth, cells were washed and resuspended in either fresh FM 

or CM supplemented with 5% FBS, 0.5, 2.5, or 5.0 ug/ml Con 

A, 0.1 roM 2-ME, and antibiotics at a seeding density of 0.5 

x 106 cells/mI. Cell suspensions were aliquoted into 24 

well culture dishes (Falcon, Baxter Scientific) and cell 

counts were performed on duplicate wells for each treatment 

group on each day with an electronic counter (Coulter Elec

tronics, Hialeah, FL). 

Preparation of Charcoal-stripped FBS 

FBS was stripped of endogenous steroids and Prl with 

dextran coated charcoal. The dextran coated charcoal solu

tion was prepared by combining 1.2114 g Tris, 2.5 g Norita 

charcoal, and 0.025 g dextran in water to a final volume of 

1 L at pH 8.0. This solution was autoclaved and stored 

refrigerated in 50 ml conical tubes. To strip FBS, tubes of 

dextran coated charcoal solution were centrifuged (30 min at 

3000 RPM) and supernatants were discarded. FBS (27 mls) was 

added to each pellet of dextran coated charcoal and in

cubated for 30 min at 45°C with continuous shaking. 
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Charcoal-containing serum was centrifuged (30 min at 3000 

RPM) and the serum supernatant was added to a second char

coal pellet for restripping. After a second centrifugation, 

the charcoal-stripped FBS (CS-FBS) supernatant was stored at 

-20·C until use. 

statistical Analysis 

statistical differences between means were determined 

by one-way analysis of variance with post-hoc comparisons 

made by the least significant differences test. Differences 

were considered to be statistically significant at the 95% 

or above confidence level (P < 0.05). 

Results 

Effects of Nb2-11c Conditioned Medium on the Growth of 

Concanavalin A-stimulated Rat Splenocytes. Con A stimulated 

the growth of rat splenocytes in a dose-dependent manner and 

this growth was inhibited by llc-CM (Table 10, Figure 15). 

Significant growth inhibition by 11c-CM occured at all con

centrations of Con A assayed at 24 hrs, while growth stimu

lated by 2.5 and 5.0 ~g/ml Con A but not 0.5 ~g/ml Con A was 

significantly inhibited at 48 hrs. 

The degree of splenocyte growth inhibition by 11c-CM 

was related to the concentration of Con A in the medium and 
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the growth rate of splenocytes in response to this mitogen. 

For example, after 24 hrs in culture, cells stimulated by 

5.0 ~g/ml Con A exhibited the greatest increase in cell num

ber of all control cultures, and maximum growth inhibition 

of CM-treated cultures compared to untreated cultures oc

cured at this concentration of Con A. However, CM-mediated 

growth inhibition at 48 hrs was greatest in cultures supple

mented with 2.5 ~g/ml Con A and it is this concentration of 

Con A which stimulated the greatest increase in cell number 

between 24 and 48 hrs in control cultures. At both 24 and 

48 hrs, cells treated with 0.5 ~g/ml Con A "displayed the 

lowest growth rates of all control cultures, and inhibition 

of growth by CM at this concentration of Con A was the least 

of the three concentrations of Con A assayed. 

Effects of Nb2-11c and Nb2-SP Conditioned Medium on 

the FBS-stimulated Growth of MCF-7 Human Breast Cancer 

Cells. To determine whether Nb2-CM could inhibit the growth 

of malignant cells of non-hematopoietic origin, MCF-7 human 

breast cancer cells were incubated in unconditioned and Nb2 

cell-conditioned medium supplemented with FBS. since MCF-7 

cells are routinely cultured in DMEM and Nb2-CM is prepared 

from FM, both DMEM and FM were conditioned by Nb2-11c cells 

and assayed for growth inhibitory activity in MCF-7 cell 

cultures. Both conditioned DMEM and FM induced significant 
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growth inhibition (62% and 72%, respectively) of FBS

stimulated MCF-7 cells after 9 days of incubation, compared 

to unconditioned medium controls (Table 12). DMEM condi

tioned by lactogen-independent Nb2-SP cells also inhibits 

the growth of FBS-stimulated MCF-7 cells (Table 11). After 

5 days in culture, growth inhibition by Nb2-SP conditioned 

DMEM is significant (63%). 

Effects of Nb2-11c Conditioned Medium on the Growth of 

Charcoal stripped-FBS and Prl-stimulated MCF-7 Cells. MCF-7 

cell growth can be stimulated by either estrogens or Prl. 

Since charcoal stripping removes most of the estrogens and 

Prl from serum, the Prl-mediated growth stimulation of MCF-7 

cells can be specifically studied by supplementation of cul

ture medium with CS-FBS and Prl. To focus on the effects of 

Nb2-CM on Prl-stimulated MCF-7 cell growth, cells were in

cubated in either unconditioned or Nb2-11c cell conditioned 

FM supplemented with 10% CS-FBS and 250 ng/ml oPrl. The 

Prl-mediated growth of MCF-7 cells was initially enhanced by 

both llc-CM and SP-CM (days 2 and 4) but was later sig

nificantly inhibited by these CMs (day 6) (Table 13, Figure 

16). After 6 days in culture, MCF-7 cell growth was in

hibited by 47% and 34% by SP-CM and llc-eM, respectively. 

Inhibition of Prl-stimulated MCF-7 growth by either SP

CM or Ilc-eM is reversible (Figure 16). When eM-treated 
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cells are washed on day 3 and re-incubated in unconditioned 

CS-FBS and Prl-supplemented medium, growth resumes. As 

measured by cell counts on day 6, growth of washed cultures 

previously treated with CM was robust, exceeding that of 

control cultures by 24% (SP-CM) and 12% (llc-eM). 

Discussion 

Growth factor activity can vary with the cell type as

sayed and the culture conditions employed (i.e. 

availability of other growth factors, medium composition, 

etc.). The activity of some growth factors is specific for 

cells of a particular lineage (i.e. IL-2 and hematopoietic 

cells) whereas other growth factors (i.e. TGFs) are not 

cell-lineage specific. Some growth factors which regulate 

proliferation in a variety of cell types are bifunctional, 

exerting positive growth regulation in one cell type while 

negatively influencing the growth of other cell types (i.e., 

TGF-~). Similarly, malignant cells may respond differently 

from normal cells to a particular growth factor. The ef

fects of auxiliary growth factors can also be influenced by 

the primary mitogen stimulating cell growth or by other 

growth factors present in the culture medium. To address 

the questions of cell type specificity and potential 

variability in action of the Nb2 lymphoma cell growth in-
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hibitory factor, growth modulation of both rat splenocytes 

and MCF-7 human breast cancer cells by Nb2-CM was examined. 

Nb2-llc CM inhibits the growth of Con A-stimulated rat 

splenocytes. The growth inhibition of Con A-stimulated rat 

splenocytes exerted by medium conditioned by lactogen

dependent Nb2-llc rat lymphoma cells reveals several impor

tant properties about the growth inhibitory factor in llc

CM: 1) growth inhibition by Nb2-CM is not cell type 

specific, 2) Nb2-CM can inhibit the growth of both normal 

and malignant immune cells in culture, and 3) growth in

hibition by Nb2-CM is not dependent upon the nature of the 

mitogen used to stimulate growth. Inhibition of rat 

splenocyte growth in response to Con A is similar to that 

occuring in Nb2 cell cultures in response to Prl (Chapter 2) 

in that the percent inhibition of cell growth by CM is 

directly related to the concentration of mitogen in the me

dium and/or the rate of cell growth. As with Nb2 cells, 

1Ic-CM appears to slow the rate of growth of Con A

stimulated splenocytes rather than abruptly halting cell 

division; CM-treated cells continue to proliferate, but at 

a slower rate than untreated cells. The inhibition of rat 

splenocyte growth and Nb2 cell growth by llc-CM is also 

similar in that CM appears to attenuate growth rate rather 

than completely blocking cell division by either cytostatic 

or cytotoxic mechanisms. 
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The growth modulatory effects of Nb2-CM are not limited 

to cells of immune origin. That is, the growth of MCF-7 

malignant mammary epithelial cells is also influenced by 

Nb2-CM. The growth of MCF-7 cells in response to FBS (and 

presumably estrogens and Prl) is attenuated by both DMEM and 

FM conditioned by either lactogen-dependent Nb2-11c cells or 

lactogen-independent Nb2-SP cells. The magnitude of growth 

inhibition by conditioned FM is slightly greater than that 

of conditioned DMEM, suggesting that the nutrient milieu of 

FM may foster more growth inhibitory factor secretion by Nb2 

cells than that of DMEM. As discussed in Chapter 2, llc and 

SP cells appear to constitutively secrete the same in

hibitory factor into their medium at the same rate of secre

tion; therefore, it is not surprising that both llc-CM and 

SP-CM inhibit MCF-7 cell growth. 

llc-CM inhibits the growth of not only FBS-stimulated 

MCF-7 cells, but also MCF-7 cells specifically stimulated 

with Prl. Results from this and the previous chapter pro

vide evidence that CM-mediated inhibition is not specific 

for growth exclusively stimulated by PrIor other lactogens. 

Although CM can inhibit the Prl-stimulated growth of Nb2-11c 

and MCF-7 cells, it can also inhibit the FBS (estrogen and 

Prl)-stimulated growth of MCF-7 cells, the Con A-stimulated 

growth of normal rat splenocytes, and the HS (mitogen 

unidentified)-stimulated growth of lactogen-independent Nb2-
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SP cells. Several known growth factors appear to be fairly 

ubiquitous, regulating the growth of many cell types under a 

variety of culture conditions. The growth regulator present 

in Nb2-CM appears to be a fairly common growth inhibitory 

factor acting in an autocrine manner in Nb2 cells but also 

able to exogenously inhibit the growth of other cell types. 

MCF-7 growth inhibition by 11c-CM is reversible. The 

surge in growth over control levels exhibited by CM-treated 

cells washed and refed with fresh supplemented unconditioned 

medium (Figure 16) could be due to anyone or combination of 

the following factors: 1) depletion of essential growth 

factors and/or nutrients in control cultures over the 6 day 

assay period, whereas CM-treated cultures recieved fresh 

serum and Prl supplementation on day 3, 2) accumulation of 

MCF-7 cell autocrine growth inhibitors (Knabbe, et al., 

1977) in the control cultures over the 6 day assay period, 

whereas CM-treated cultures were washed free of autocrine 

factors on day 3, and/or 3) growth rebound of CM-treated 

cultures caused by, for example, up-regulation of mitogenic 

second messenger systems initially repressed by the CM in

hibitor after cells are washed free of CM. All of these 

factors probably contribute to the hearty rebound in growth 

exhibited by cultures initially treated with CM but later 

washed free of CM and refed with fresh medium. 
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In summary, FM or DMEM conditioned by either Nb2-11c or 

Nb2-SP lymphoma cells can inhibit the growth of FBS 

(estrogen and Prl)- and Prl-stimulated MCF-7 human breast 

cancer cells and FM conditioned by Nb2-11c cells can inhibit 

the growth of Con A-stimulated rat splenocytes. The in

hibitory factor constitutively secreted by Nb2 cells can not 

only inhibit the growth of Nb2 cells in an autocrine manner, 

but also can inhibit the growth of other cell types in 

response to PrIor other mitogens. Because Nb2-CM inhibits 

the growth of normal and malignant immune cells and malig

nant epithelial cells, the growth inhibitor produced by Nb2 

cells may be ubiquitous, exerting a negative growth in

fluence on many cell types in response to a variety of 

mitogens and, perhaps, may be an autocrine secretory product 

of other cell types as well. Since TGF-~ inhibits Nb2 cell 

growth (Rayhel, et al., 1988b) and MCF-7 cell growth in an 

autocrine manner (Knabbe, et al., 1977), and since normal B 

and T lymphocytes can secrete and respond to TGF-~ (Kerhl, 

et al., 1986a, 1986b), the inhibitory factor secreted by Nb2 

cells may be TGF-~ or a TGF-~-like molecule. 



Table 10. Inhibition of Concanavalin A-stimulated Rat Splenocyte Growth by Nb2-11c 
Lymphoma Cell Conditioned Medium 

Mean cell number x 106/ml ± SE 

Con A 
(J,Lg/ml) 

0.5 

2.5 

5.0 

24 hrs 

Control 

0.769 ± 0.012 

0.830 ± 0.010 

0.984 ± 0.016 

CM 

0.626 ± 0.014* 

0.667 ± 0.019* 

0.652 ± 0.019* 

* P < 0.05 compared to controls. 

48 hrs 

Control 

0.852 ± 0.018 

1.247 ± 0.015 

1.351 ± 0.052 

% inhibition 
of growth by CM 

CM 24 hrs 48 hrs 

0.786 ± 0.054 18 8 

0.837 ± 0.087* 20 33 

1.022 ± 0.010* 34 24 

f-' 
G'I 
(J1 



Table 11. Inhibition of FBS-stimulated MCF-7 Cell Growth by Nb2-SP Lymphoma Cell 
Conditioned DMEM 

Mean cell number x 10 6/ml ± SE+ 

Days in 
culture 

1 

3 

5 

Control CM 

0.278 ± 0.016 0.204 ± 0.048 

0.869 ± 0.039 0.656 ± 0.048 

1.658 ± 0.038 0.617 ± 0.059* 

+ Cultures seeded at an initial density of 0.2 x 106 cells/mI. 

* p < 0.05 compared to controls. 

% inhibition 
of growth by CM 

27 

25 

63 

t--' 
0'1 
0'1 



Table 12. Inhibition of FBS-stimulated MCF-7 Cell Growth by both DMEM and FM 
Conditioned by Nb2-11c Lymphoma Cells 

Medium 

DMEM 

FM 

Mean cell number x 106/ml ± SE at day 9+ 

Control CM 

0.954 ± 0.012 0.358 ± 0.064* 

0.858 ± 0.060 0.236 ± 0.075* 

% inhibition 
of growth by CM 

62 

72 

+ Cultures were seeded at an initial density of 0.1 x 106 cells/ml in unconditioned 
or conditioned medium supplemented with 10% FBS. 

* p < 0.05 compared to controls. 
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Table 13. Inhibition of Charcoal-stripped FBS and Prl-stimulated MCF-7 Cell Growth 
by Nb2 Lymphoma Cell Conditioned Medium 

Mean cell number x 106/ml ± SE+ 

Days in 
culture Control SP-CM 11c-CM 

2 0.254 ± 0.015 0.313 ± 0.012* 0.269 ± 0.011 

4 0.425 ± 0.013 0.555 ± 0.020* 0.514 ± 0.022* 

6 1. 056 ± 0.068 0.558 ± 0.011* 0.696 ± 0.030* 

% change in cell number 
of CM-treated cultures 

compared to controls 

SP-CM 11c-CM 

+23 +6 

+31 +21 

-47 -34 

+ all cultures were seeded at an initial density of 0.15 x 10 6 cells/ml in uncondi
tioned or conditioned medium supplemented with 10% charcoal-stripped FBS and 250 
ng/ml oPrl. 

* P < 0.05 compared to controls. 
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Figure 15. Inhibition of Con A-stimulated rat splenocyte growth 
by Nb2-11c CM. Rat splenocytes were cultured in FM or CM supple
mented with 5% FBS and 0.5, 2.5, or 5.0 ~g/ml Con A. CM-mediated 
growth inhibition is significant at all concentrations of Con A at 
24 hrs and at 2.5 and 5.0 ~g/ml at 48 hrs (P < 0.05). f-' 
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Figure 16. Reversible inhibition of Prl-stimulated MCF-7 cell 
growth by Nb2-11c CM. MCF-7 cells were incubated in FM, 11c-CM, 
or SP-CM supplemented with 10% CS-FBS and 250 ng/ml oPrl. On day 
3, some of the CM-treated cultures were washed free of CM and 
refed with supplemented FM to determine if growth inhibition by CM 
was reversible. 
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Chapter 4 

Partial Biochemical Characterization of an Autocrine Growth 

Inhibitory Factor in Nb2 Lymphoma Cell Conditioned Medium 

Abstract 

Lactogen-dependent Nb2-11c cells and lactogen

independent Nb2-SP cells constitutively secrete an autocrine 

growth inhibitory factor into their medium (Chapter 2). To 

characterize the biochemical properties of this inhibitor, 

Nb2-CM was treated with either heat or proteases including 

trypsin, chymotrypsin, pepsin, and pronase prior to bioassay 

of inhibitory activity. with the exception of chymotrypsin 

at 0.01%, pre-treatment of Nb2-CM with either heat or a 

protease did not significantly attenuate growth inhibitory 

activity, suggesting that the autocrine growth inhibitor may 

not be a polypeptide. Nb2-CM was fractionated by Amicon 

ultrafiltration and Sephadex G-50 and G-25 gel 

chromatography in an attempt to partially isolate and 

determine the approximate molecular weight of the Nb2 cell 

growth inhibitor. The results of these studies were equivo

cal and alternative methods of purification were discussed. 
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Introduction 

Cell proliferation is regulated by a number of dif

ferent growth factors (Holley, 1975). Factors that stimu

late or inhibit cell growth have been purified from tissues, 

blood, and cell culture medium (Gospodarowicz and Moran, 

1977). Some cells are capable of autoregulation, whereby 

cells respond specifically to their own secreted growth fac

tors (Sporn and Todaro, 1980). Autocrine growth factors may 

modify proliferation by either stimulating or inhibiting 

cell division. Proteinaceous growth factors whose autocrine 

mechanism of action in malignant cells has been established 

include TGF-a (Roberts, et al., 1983), TGF-fi (Holley, et 

al., 1980; Tucker, et aI, 1984a), PDGF (Heldin, et al., 

1980; Deuel, et al., 1983; Leal, et al., 1984), bombesin 

(Moody, et al., 1981), and IL-2 (Duprez, et al., 1985). 

Characterization and purification of endogenous growth 

inhibitory factors has been difficult due to the low 

specific activity of most inhibitor preparations (Allen, et 

al., 1977; Lenfant, et al., 1978). Despite complications, 

negative autocrine growth regulators such as TGF-fi have been 

completely purified whereas other growth inhibitory factors 

have been partially isolated from a variety of cell types 

including normal rat hepatocytes (Sekas, et al., 1979), hu

man leukemic cells (Gaffney, et al., 1983), a human colon 

carcinoma cell line (Levine, et al., 1985), and a human 
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rhabdomyosarcoma cell line (Fryling, et al., 1985). Charac

terization and identification of putative autocrine growth 

inhibitory factors is significant because of the potential 

ability of these factors to re-establish the growth control 

of malignant cells. 

Medium conditioned by either lactogen-dependent Nb2-1lc 

or lactogen-independent Nb2-SP rat lymphoma cells inhibits 

the growth of either cell line; Nb2 rat lymphoma cells ap

pear to constitutively secrete an autocrine growth in

hibitory factor into their medium (Chapter 2). The aims of 

the present study were to biochemically characterize and 

partially purify the putative autocrine growth inhibitory 

factor in Nb2 cell conditioned medium. To this end, Nb2-CM 

was treated with heat as well as a variety of proteases to 

determine whether the Nb2 cell inhibitor is proteinaceous. 

Nb2-CM was also fractionated by ultrafiltration and gel 

chromatography to partially isolate and determine the ap

proximate molecular weight of the Nb2 cell growth inhibitor. 

Materials and Methods 

Nb2 Cell CUltures 

The lactogen-dependent Nb2 rat lymphoma cell line, Nb2-

llc, and the lactogen-independent Nb2-SP cell line were gen

erously provided by Dr. H.G.Friesen, Dept. of Physiology, 

University of Manitoba. Nb2-11c cells were maintained in 75 
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cm2 Falcon tissue culture flasks (Baxter Scientific, McGaw 

Park, IL) in Fischer's medium (FM; 300 mOsm/kg water) (Grand 

Island Biological Co., Grand Island, NY) supplemented with 

10% fetal bovine serum (FBS) as a source of lactogens, 10% 

lactogen-deficient horse serum (HS), 0.1 roM 2-

mercaptoethanol (2-ME), penicillin (50 units/ml), and strep

tomycin (50 ~g/ml) at 37·C in an atmosphere of 5% CO2 -95% 

air. Nb2-SP cells were similiarly maintained, except growth 

medium was devoid of FBS. 

Two days prior to the experiments, cells were washed 

and resuspended in fresh growth medium to establish exponen

tial growth; on the day of each experiment, cells were 

washed prior to resuspension in treatment medium. In exper

iments using Nb2-11c cells, purified ovine Prl (1 ng/ml) was 

used instead of FBS to stimulate growth. In experiments 

using Nb2-SP cells, growth was stimulated by 10% HS 

(similiar to culture maintenance conditions). 

Lactogen content of HS was determined to be below that 

detectable by the Nb2-11c lymphoma cell bioassay (i.e. less 

than 10 pg/ml). Sera and antibiotics were obtained from Ir

vine Scientific (Santa Ana, CA); 2-ME and oPrl (31 I.U./mg) 

were purchased from Sigma Chemical Co. (st. Louis, MO). 

Cell numbers were determined by using an electronic cell 

counter (Coulter Electronics, Hialeah, FL). 
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Preparation and Bioassay of Conditioned Medium 

Conditioned medium (CM) was prepared by washing 

exponentially-growing cultures with serum-free medium and 

resuspending cells in FM at 1.5 x 106 cells/ml for 4B hrs. 

At the end of the conditioning period, cell suspensions were 

centrifuged (10 min at 1500 RPM) and cellular debris was 

removed from the supernatants by filtration through a 0.22 

um pore size filter (Millipore, Gelman Sciences). This CM 

and unconditioned FM were supplemented with oPrl and/or 

serum, antibiotics, and 2-ME and applied direc~ly to pellets 

of washed, exponentially growing cells for an initial cell 

density of 0.3 x 106 cells/mI. Cell suspensions were ali

quoted into 24 well culture plates (Falcon, Baxter 

Scientific). Growth of untreated and CM-treated cells was 

assayed by counting the cells in duplicate wells to obtain 

the mean cell number for each group each day. 

Heat and Protease Treatments of FM and CM 

Samples of FM and SP-CM were heated by immersion in a 

water bath for 30 min at BO·C. other samples of FM and SP

CM were incubated for 1 hr at 25·C with 5 units/ml trypsin 

(Sigma Chemical Co., st. Louis, MO); trypsin digestion was 

terminated by the addition of soybean trypsin inhibitor (1 

mg/2.5 mg trypsin) (Sigma). Chymotrypsin (Worthington 

Biochemical Corp., Freehold, NJ) and pepsin (sigma) treat

ment of FM and 11c-CM was performed by incubation of medium 
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with 0.1% weight/volume protease for 30 min at 37°Ci 

protease digestion was terminated by the addition of 10% HS 

to media. Treatment of FM and 11c-CM with 0.01% and 0.02% 

chymotrypsin or 0.1% pronase (protease type IVi sigma) was 

performed by incubation of medium with protease for 30 min 

at 37°Ci proteases were inactivated by boiling the medium 

for 20 min, cooling, and adding 10% HS. Heat- or prote~se

treated FM or Nb2-CM was supplemented and used to resuspend 

pellets of log-phase cells and assayed for growth modulatory 

activity by counting cell numbers in duplicate treatment 

wells. 

Fractionation of SP-CM by Ultrafiltration 

SP-CM (200 ml) was prepared by incubating 0.2 x 106 

Nb2-SP cells/ml in FM supplemented with 10% HS, 2-ME, and 

antibiotics for 72 hrs. At the end of the conditioning pe

riod, cell suspensions were centrifuged (10 min at 1500 RPM) 

and supernatants were filtered through a 0.22 um pore size 

filter. SP-CM was frozen at -20°C until ultrafiltration. 

SP-CM was fractionated by molecular weight by series 

ultrafiltration in an Amicon unit (Amicon corporation, Lexi

ngton, MA) using XM 300 (300,000 0), YM 100 (100,000), YM 30 

(30,000), YM 10 (10,000), and YM 02 (1000 0) membranes. 

Six retentates with the following molecular weight ranges 

were obtained: R1) >300,000 0, R2) 300,000-100,000 0, R3) 

100,000-30,000 0, R4) 30,000-10,000 0, and R5) 10,000-1000 
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D. During ultrafiltration, membranes were washed with 200 

ml FM and retentates were concentrated to 10-fold the 

original SP-CM volume. Retentates were lyophilized and 

resuspended in FM to a final volume equal to the original 

SP-CM volume. Pellets of exponentially-growing 11c cells 

were resuspended in FM or SP-CM ultrafiltration fractions 

supplemented with 1 ng/ml oprl, 10% HS, 2-ME, and 

antibiotics to an initial density of 0.2 x 106 cells/ml and 

aliquoted into 24 well culture dishes. Growth modulatory 

activity of SP-CM fractions was determined by counting the 

number of cells in duplicate wells to obtain the mean cell 

number for each group each day. 

Sephadex G-50 Gel Filtration Chromatography 

11c-CM (600 ml) was prepared by suspending 1.5 x 106 

Nb2-11c cells/ml in FM for 48 hrs. Cell suspensions were 

centrifuged (10 min at 1000 RPM) and supernatants were 

passed through a 0.22 urn pore size filter. 11c-CM was con

centrated to 1/50th the original volume by Amicon 

ultrafiltration through a membrane with a molecular weight 

cut-off of 1000 D (YM 02 membrane). Twelve mls of con

centrated 11c-CM was applied to a 5.0 x 90 cm (1000-1600 ml) 

column of fine Sephadex G-50 (fractionation range: 1.5-30 

kD; Pharmacia AB laboratory, Uppsala, Sweden). Elution was 

carried out at 4°C with 1% formic acid at a flow rate of 30 

ml/hr (5 ml/tube). Seven fractions were collected by pool-
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ing tubes corresponding to peaks of absorbance at 280 nm. 

Fractions were lyophilized and resuspended in FM to a final 

concentration of 1/25th the original CM volume. After rins

ing the column, molecular weight standards (dextran 5000-

2000kD; bacitracin- 1.4 kD) were loaded and eluted with 1% 

formic acid under similiar flow conditions as 11c-CM. 

To bioassay CM fractions, 11c cells were suspended in 

FM or a 11c-CM fraction supplemented with 1 ng/ml oPrl, 10% 

HS, 2-ME, and antibiotics to an initial density of 0.3 x 10 6 

cells/mI. Cell counts were performed in duplicate to obtain 

the mean cell number for each group each day. 

Sephadex G-25 Gel Filtration Chromatography 

11c-CM (2.5 L) was prepared by suspending 1.5 x 106 11c 

cells/ml in FM for 48 hrs. Cell suspensions were 

centrifuged (10 min at 1500 RPM) and supernatants were 

passed through a 0.22 um pore size filter. 11c-CM was 

ultrafiltered though an Amicon membrane with a molecular 

weight cut-off of 30 kD (YM 30). The resulting filtrate was 

then passed through a 1000 D molecular weight cut-off mem

brane (YM 02). The YM 02 membrane was washed with 50 ml 1% 

formic acid to recover absorbed materials, and this wash was 

combined with the 1Ic-CM retentate and frozen at -80·C. The 

filtrate of the YM 02 membrane was then passed through a 500 

D molecular weight cut-off membrane (UM 05). This retentate 

was combined with a 50 ml 1% formic acid wash retentate and 
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frozen at -BO·C. Both ultrafiltration fractions (30-1 kDi 

1000-500 D) were lyophilized and resuspended in 1% formic 

acid to a final concentration of 1/250th the original 11c-CM 

volume. 

FM (4 L) was ultrafiltered through a 500 D molecular 

weight cut-off membrane (UM 05) and rinsed with 50 ml 1% 

formic acid. The retentate was recovered and frozen at 

-BO·C. This retentate was lyophilized and resuspended in 1% 

formic acid to a final concentration of 1/200th the original 

FM volume. 

Concentrated fractions of 11c-CM (30-1 kDi 1000-500 D) 

or FM (>500 D) were applied to a 2.6 x 90 cm (500 ml) column 

of fine Sephadex G-25 (fractionation range: 0.1-5 kD). 

Elution was carried out at 4·C with 1% formic acid at a flow 

rate of 30 ml/hr. 11c-CM or FM fractions were collected by 

pooling tubes under peaks of absorbance at 2BO nm. Frac

tions were lyophilized and resuspended in FM to a final con

centration of 1/1000th the original llc-CM or FM volumes. 

Fractions were frozen at -BO·C until bioassay, wherein 11c 

cells were suspended in FM supplemented with 1 ng/ml oPrl, 

10% HS, 2-ME, and antibiotics at an initial density of 0.3 x 

106 cells/mI. Cell suspensions were dispensed in 2 ml ali

quots into 24 well culture dishes, and 20 ul (lOx) or 200 ul 

(100x) of each CM or FM fraction was added to wells in 

duplicate and cell counts were performed every 24 hrs. Os

molality of each fraction was measured with a freezing point 
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osmometer (Advanced Instruments, Inc., Needham Heights, MA). 

statistical Analysis 

statistical differences between means were determined 

by one-way anaylsis of variance with post-hoc comparisons 

made by the least significant differences test. Differences 

were considered to be statistically significant at the 95% 

or above confidence level (P < 0.05). 

Results 

Effects of Trypsin or Heat Treatment on the Growth In

hibitory Activity of SP-CM. Medium conditioned by Nb2-SP 

cells inhibited the growth of both Nb2-11c and Nb2-SP cells 

(Figure 17, Table 14). Treatment of sp-eM with the 

proteolytic enzyme trypsin did not significantly reverse the 

growth inhibitory effect of sp-eM compared to trypsin

treated FM controls. Treatment of sp-eM with heat slightly, 

but not significantly, affected its ability to inhibit Nb2-

11c cell growth, whereas the ability of sp-eM to inhibit 

Nb2-SP cell growth was significantly attenuated by heat 

treatment. sp-eM inhibited the growth of SP cells by 49% 

compared to FM controls, whereas growth inhibition of heat

treated sp-eM was only 28% compared to heat-treated FM con

trols (Table 14, Figure 17). 
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Effects of 0.1% Chymotrypsin or Pepsin on the Growth 

Inhibitory Activity of llc-CM. Medium conditioned by Nb2-

llc cells inhibited the growth of Nb2-llc cells compared to 

unconditioned medium controls (Figure 18, Table 15). Al

though the growth inhibitory effect of llc-CM was not sig

nificantly affected by pepsin treatment, the growth in

hibitory activity of llc-CM pre-treated with 0.1% chymotryp

sin was abolished. Untreated llc-CM inhibited the growth of 

llc cells by 28%, whereas growth inhibition by chymotrypsin

treated llc-CM was only 8% after 120 hrs in culture (Table 

15). Since FM treated with chymotrypsin significantly in

hibited llc cell growth compared to untreated FM controls, 

chymotrypsin was probably not fully inactivated prior to 

suspending cells in treated medium. For this reason, the 

effects of chymotrypsin on llc-CM growth inhibitory activity 

was retested, as described below, at lower concentrations of 

chymotrypsin (0.01% and 0.02%) which was inactivated by heat 

treatment followed by 10% HS rather than with HS alone. 

Effects of 0.01% and 0.02% Chymotrypsin or 0.1% Pronase 

on the Growth Inhibitory Activity of llc-CM. Treatment of 

llc-CM with chymotrypsin at 0.01% significantly and com

pletely reversed the growth inhibitory effect of llc-CM, 

compared to untreated llc-CM controls (Figure 19, Table 16). 

In contrast, treatment of llc-CM with 0.02% chymotrypsin 

slightly attenuated but did not completely reverse the 
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growth inhibitory activity of 11c-CM. Interestingly, treat

ment of 11c-CM with pronase enhanced the growth inhibitory 

activity of 11c-CM to 32% compared to 18% growth inhibition 

of cells by untreated 11c-CM. 

Effects of SP-CM Ultrafiltration Fractions on the 

Growth of Nb2-11c and Nb2-SP Cells. Ultrafiltration frac

tions of SP-CM containing material in the molecular weight 

range of 100,000 to 30,000 D (R3) caused a greater inhibi

tion of both Nb2-11c (79%) and Nb2-SP (70%) cell growth than 

all other fractions alone or combined (Table 17, Figure 20). 

Other fractions which significantly inhibited the growth of 

both 11c and SP cells were R2 (300,000 - 100,000 D) and R5 

(10,000 - 1,000 D). In addition to these fractions, the 

growth of 11c cells was also significantly inhibited by R1 

(>300,000 D). When fractions R1through R5 were combined 

(Rl-5) and bioassayed, 11c and SP cell growth was sig

nificantly inhibited, but to a lesser degree that that 

caused by R3 alone. 

"Effects of llc-CM Sephadex G-50 Chromatography Frac

tions on the Growth of Nb2-11c and Nb2-SP Cells. Seven 

fractions were obtained from the Sephadex G-50 gel fil

tration of serum-free 11c-CM (Figure 21) and were bioassayed 

for growth modulatory activity. Fraction 3 caused the 

greatest degree of growth inhibition of 11c cells (67%), 
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whereas fraction 6 caused the greate.st inhibition of SP cell 

growth (21%) (Figure 22, Table 18). Other fractions ex

hibited various degrees of growth modulation, with fractions 

6 and 1 causing mild growth stimulation of llc (8%) and SP 

(4%) cells, respectively. Only fraction 3 significantly in

hibited the growth of both llc and SP cells. 

Effects of Concentrated FM or llc-CM Sephadex G-25 

Chromatography Fractions on the Growth of Nb2-l1c Cells. FM 

and two ultrafiltration fractions of llc-CM were 

chromatographed on a Sephadex G-25 column (Figure 23). 

Several FM control and llc-CM Sephadex G-25 chromatography 

fractions at either 10-fold or 100-fold concentrations in

hibited the growth of llc cells (Figure 24, Table 18). llc

CM fractions which significantly affected llc cell growth at 

both lOx and 100x concentrations were A2and A5 (30-1 kD) 

and B5 (1000-500 D). Fractions of FM which also inhibited 

llc cell growth at either concentration were Cl, C2, C3, C5, 

and C6 (>500 kD). Since fractions of unconditioned medium 

inhibited cell growth to a similar or greater degree than 

fractions of conditioned medium, the osmolality of each 

fraction was measured to determine whether the fractions had 

been adequately desalted during ultrafiltration (Table 19). 

The osmolality of most fractions was approximately 300 

mOsm/kg water; however, fractions A2, B2, and C3 had 

greater osmolalities of 1150.5, 602.0, and 2918.4 mOsm/kg 
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water, respectively. 

Discussion 

The autocrine growth inhibitory activity of Nb2-CM is 

not significantly affected by pre-treatment with heat or the 

proteases trypsin, pepsin, and pronase or chymotrypsin at 

0.02%, whereas pre-treatment with 0.01% chymotrypsin par

tially reverses the growth inhibitory activity of Nb2-CM. 

The autocrine factor which inhibits Nb2 cell growth may, 

therefore, not be a polypeptide. Alternatively, the Nb2 

cell growth inhibitory factor could be a small protein spe

cifically sensitive to enzymatic cleavage by chymotrypsin. 

Attempts to partially isolate and determine the approx

imate molecular weight of the Nb2 inhibitory factor have met 

with little success. The molecular size of the inhibitor as 

determined by ultrafiltration was between 100,000 and 30,000 

D (R3), although ultrafiltration fractions of greater (R2) 

and lesser (R5) molecular weight ranges also contained sig

nificant growth inhibitory activity when assayed on both 11c 

and SP cells (Pelletier and Blask, 1989b). The presence of 

inhibitory activity in several ultrafiltration fractions 

could be due to conjugation of the inhibitor with serum 

proteins of various molecular weights, since the SP-CM 

ultrafiltered in this study contained 10% HS. Incomplete 

isolation of the inhibitory factor via serial ultrafiltra-
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tion could have also resulted from variable binding of the 

inhibitor to the Amicon membranes or blockage of the pores 

in the membranes by serum proteins. For these reasons, iso

lation of the growth inhibitory factor in serum-free Nb2-CM 

by gel filtration was attempted. 

Fractions obtained from chromatography of llc-CM on G-

50 Sephadex exhibited various degrees of growth stimulatory 

and inhibitory activity, depending on the cell line bioas

sayed. Only fraction 3, containing molecules less than 1.4 

kD in size, inhibited the growth of both 11c and SP cells. 

Unsuccessful isolation of the inhibitory factor in one frac

tion could be due to one or more of the following factors: 

1) incomplete separation caused by adherence of the in

hibitory factor to the gel column, 2) alteration of the 

biochemical structure (i.e. cleavage) of the inhibitor 

caused by the acidic eluent (1% formic acid), 3) pooling of 

tubes into fractions based on absorbance at 280 nm, when the 

optimum absorbance of the inhibitor may not be at 280 nm, 4) 

the molecular size of the inhibitor (i.e. loss of the in

hibitor during ultrafiltration if its molecular weight is 

less than 500 D), and 5) the uncertain biochemical nature 

of the inhibitor. 

The differential response of 11c and SP cells to each 

G-50 fraction was unexpected. The SP cells grew slower than 

llc cells and appeared, in general, to be less sensitive to 

growth inhibition by most fractions compared to llc cells, 
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suggesting that the specific batch of SP cells used to 

bioassay the G-50 chromatography fractions was not exhibi

ting optimal growth. 

Attempts to isolate the Nb2 cell growth inhibitor by 

Sephadex G-25 gel filtration may have been tainted, in part, 

by inadequate desalting of concentrated FM and llc-CM. FM 

and CM fractions with high osmolality (A2, B2, and C3) 

caused the greatest inhibition of growth at lOOx. However, 

a high salt concentration cannot be attributed as the cause 

of growth inhibition by other fractions, since their os

molalities are relatively low. The presence of inhibitory 

activity in several llc-CM fractions could be due to the 

factors discussed above for incomplete inhibitor separation 

in G-50 fractions. The ability of several FM fractions to 

mildly inhibit llc cell growth could be due to the presence 

of a highly concentrated FM nutrient(s), which at supraop

timal levels, disrupts growth. contamination of CM or FM 

fractions can be confidently eliminated as a cause of growth 

inhibition since all procedures were carried out under 

sterile conditions and were carefully monitored to prevent 

contamination. 

In summary, biological activity of the autocrine growth 

inhibitory factor constitutively secreted by Nb2 lymphoma 

cells into their medium is insensitive to heat treatment as 

well as treatment with a variety of proteases, suggesting 

that the inhibitor may not be a polypeptide. Amicon 
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ultrafiltration and Sephadex G-50 and G-25 gel 

chromatography were utilized in an attempt to partially iso

late and determine the approximate molecular weight of the 

Nb2 cell growth inhibitor; however, these results were 

equivocal. Due to the uncertain biochemical nature of the 

Nb2 cell autocrine growth inhibitor, further studies should 

include alternative approaches to purification. For exam

ple, chloroform/methanol extraction or charcoal extraction 

of Nb2-CM could be used to determine whether the inhibitor 

is a proteinaceous or lipid-like molecule. Separation of a 

lipid inhibitor from other CM components could be attempted 

using thin layer chromatography or HPLC. Separation of a 

proteinaceous inhibitor would involve refining the methods 

of purification employed in this study. For example, the 

long-term acid stability of the CM inhibitory activity 

should be determined prior to chromatography. In the event 

that the activity is acid-stable, separation of Nb2-CM by 

gel chromatography could be attempted using a different 

eluent, such as 1 M acetic acid, or a different gel from 

those used in these studies. Conversely, if the Nb2-CM in

hibitory activity is acid-instablo, elution with FM could be 

attempted. To circumvent the potential problem of absorb

tion of the inhibitor to Amicon n.embranes with a resulting 

loss of activity, Nb2-CM could be concentrated by ammonium 

sulfate precipitation and dialyzed; or, the precipitate 

could be resuspended and desalted by gel filtration. 



Table 14. Effects of Heat or Trypsin Treatment on the Ability of SP-CM to Inhibit 
Nb2-11c and Nb2-SP Cell Growth 

Mean number of cells x 10 6/ml ± SE 
at 100 hrs 

% inhibition of 
Cell line Medium treatment FM SP-CM cell growth by CM 

11c none 2.525 ± 0.075 1.150 ± 0.100* 54 
11c heat 2.475 ± 0.075 1.250 ± 0.050* 49 
lIe trypsin 2.575 ± 0.075 1.225 ± 0.025* 52 

SP none 1.975 ± 0.025 1. 000 ± 0.000* 49 
SP heat 1. 950 ± 0.100 1. 400 ± 0.100*# 28 
SP trypsin 2.025 ± 0.050 1.050 ± 0.075* 48 

* P < 0.05 compared to paired FM control. 

# P < 0.05 compared to untreated CM. 
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Table 15. Effects of chymotrypsin and Pepsin Treatment on the Ability of 11c-CM to 
Inhibit Nb2-11c Cell Growth 

Medium Treatment 

none 
chymotrypsin (0.1%) 
pepsin (0.1%) 

Mean number of cells x 106/ml ± SE 
at 120 hrs 

FM CM 

2.000 ± 0.050 1. 450 ± 0.150* 
1.450 ± 0.050# 1.350 ± 0.050 
1.950 ± 0.125 1.500 ± 0.000* 

* P < 0.05 compared to paired FM control. 

# P < 0.05 compared to untreated FM. 

% inhibition of 
cell growth by 11c-CM 

28 
8 

23 

I--' 
00 
~ 



Table 16. Effects of Chymotrypsin and Pronase Treatment on the Ability of 11c-CM to 
Inhibit Nb2-11c Cell Growth 

Medium treatment 

none 
chymotrypsin (0.01%) 
chymotrypsin (0.02%) 
pronase (0.1%) 

Mean number of cells x 106/ml ± SE 
at 72 hrs 

FM CM 

1.485 ± 0.006 1.217 ± 0.018* 
1.444 ± 0.062 1.460 ± 0.085# 
1.630 ± 0.063 1.385 ± 0.082* 
1.554 ± 0.074 1.057 ± 0.007* 

* P < 0.05 compared to paired FM control. 

# P < 0.05 compared to untreated CM. 

% change in 
cell growth by 11c-CM 

-18 
+1 

-15 
-32 

...... 
\0 
o 



Table 17. Effects of SP-CM Ultrafiltration Fractions on the Growth of Nb2-11c and 
Nb2-SP Cells 

Mean number of cells x 106/ml ± SE 
(% inhibition of growth by CM or CM fraction) at 120 hrs 

Fraction 11c cells SP cells 

FM control 2.000 ± 0.000 2.500 ± 0.100 

SP-CM 1.550 ± 0.000* (22) 1.425 ± 0.025* (43) 

R1 (>300,000 D) 1.775 ± 0.075* ( 11) 2.375 ± 0.025 (5) 
R2 (300,000-100,000 D) 0.975 ± 0.025* (51) 2.050 ± 0.150* (18) 
R3 (100,000-30,000 D) 0.425 ± 0.025* (79) 0.750 ± 0.000* (70) 
R4 (30,000-10,000 D) 1.925 ± 0.025 (4) 2.350 ± 0.050 (6) 
R5 (10,000-1,000 D) 1.525 ± 0.025* (24) 2.300 ± 0.050* (8) 

R 1-5 0.825 ± 0.025* (59) 2.150 ± 0.050* (14) 

* P < 0.05 compared to FM control. 

r-> 
\D 
r-> 



Table 18. Effects of Sephadex G-50 11c-CM Column Fractions on the Growth of Nb2-11c 
and Nb2-SP Cells 

Mean number of cells x 106/ml ± SE 

Fraction 11c cells (day 5) SP cells (day 4) 

FM control 1.975 ± 0.175 1.750 ± 0.025 

1 1.750 ± 0.050 1.825 ± 0.025 
2 1.675 ± 0.025* 1. 600 ± 0.050 
3 0.650 ± 0.050* 1. 500 ± 0.050* 
4 1. 050 ± 0.050* 1.575 ± 0.025 
5 1.87~ ± 0.125 1. 600 ± 0.100 
6 2.125 ± 0.075 1.375 ± 0.025* 
7 1.925 ± 0.025 1.450 ± 0.100* 

* P < 0.05 compared to FM control. 

% change in cell 
growth by 11c-CM fraction 

11c cells 

-11 
-15 
-67 
-47 
-5 
+8 
-3 

SP cells 

+4 
-9 

-14 
-13 

-9 
-21 
-17 

I-' 
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Table 19. Effects of Concentrated 11c-CM or FM Sephadex G-25 Chromatography Frac-
tions on the Growth of Nb2-11c Cells 

Mean number of cells x 106/ml ± SE 
(% change in cell growth by fraction) at 72 hrs 

Osmolality (1000X) 
Fraction lOx concentrate 100x concentrate (mOsm/kg H2O) 

Control 1.682 ± 0.021 2.284 ± 0.016 
CM: 30-1 kD 
A1 1. 644 ± 0.057 (-2) 2.096 ± 0.034* (-8) 301. 0 
A2 1.855 ± 0.032* (+10) 1.235 ± 0.058* (-46) 1150.5 
A3 1.811 ± 0.008 (+8) 2.169 ± 0.098 (-5) 309.5 
A4 1.696 ± 0.028 (+1) 2.177 ± 0.066 (-5) 310.0 
A5 1.865 ± 0.087* (+11) 1.954 ± 0.071* (-14) 304.0 
A6 1.622 ± 0.052 (-4) 2.152 ± 0.010 (-6) 283.5 
CM: 1000-500 D 
B1 1.619 ± 0.046 (-4) 2.489 ± 0.028* (+9) 290.0 
B2 1.520 ± 0.076 ( -10) 1.368 ± 0.014* (-40) 601.5 
B3 1.571 ± 0.018 (-7) 2.224 ± 0.086 (-3) 290.0 
B4 1.624 ± 0.085 (-3) 2.028 ± 0.077* (-11) 292.0 
B5 1. 499 ± 0.016* ( -11) 1. 992 ± 0.038* (-13) 296.0 
B6 1.650 ± 0.119 (-2) 2.052 ± 0.041* (-10) 295.0 
B7 1.670 ± 0.131 (-1) 1.862 ± 0.043* (-18) 295.0 
FM: > 500 D 
C1 1.438 ± 0.023* (-15) 1.937 ± 0.023* (-15) 291.5 
C2 1.418 ± 0.035* (-16) 2.052 ± 0.022* (-10) 293.5 
C3 1.266 ± 0.049* (-25) 0.224 ± 0.017* (-90) 2918.4 
C4 1.607 ± 0.031 (-4) 1. 828 ± 0.026* (-20) 291. 5 
C5 1.258 ± 0.053* (-25) 2.062 ± 0.097* (-10) 302.5 
C6 1.388 ± 0.055* (-17) 1.944 ± 0.032* (-13 ) 274.0 

* P < 0.05 compared to control. I-' 
\D 
W 
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Figure 17. Effects of trypsin and heat treatment on the 
growth inhibitory activity of SP-CM. Nb2-11c cells (A) 
and Nb2-SP cells (B) were cultured in FM (solid lines, 
solid symbols) or SP-CM (stipled lines, open symbols) that 
was either untreated (II 0), heat-treated (A,6), or 
trypsin-treated (8
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Figure 19. Effects of chymotrypsin (A) and 
pronase (8) treatment on the growth inhibitory ac
tivity of 11c-CM. Nb2-11c cells were cultured in 
FM or 11c-CM that was either untreated, treated 
with chymotrypsin (0.01% or 0.02%), or treated 
with pronase (0.1%) and supplemented with 10% HS, 
1 ng/ml oPrl, 2-ME, and antibiotics. 
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Chapter 5 

Partial Elucidation of the Mechanism of Action of the 

Autocrine Growth Inhibitory Factor in Nb2 Lymphoma Cell 

Conditioned Medium: possible Role of Prostaglandins 

Abstract 

Medium conditioned by either lactogen-dependent Nb2-11c 

cells or lactogen-independent Nb2-SP cells inhibits the 

growth of either cell line; Nb2 rat lymphoma cells appear 

to constitutively secrete an autocrine growth inhibitory 

factor into their medium (Chapter 2). In an attempt to 

elucidate the mechanism(s) of action of the Nb2 autocrine 

growth factor, interactions between Nb2-CM and four known 

Nb2 cell growth stimulatory or inhibitory second messenger 

systems were studied: 1) polyamines, 2) cAMP, 3) protein 

kinase C, and 4) prostaglandins. Supplementation of Nb2-CM 

with the ODC end product putrescine, the polyamine spermine, 

the cAMP stimulators forskolin and cholera toxin, and the 

protein kinase C activator PMA had negligible effects on CM

mediated inhibition, suggesting that CM does not induce 

growth inhibition by blocking pOlyamine biosynthesis, ac

tivating cAMP, or depressing protein kinase C activation. 

Preparation of CM in the presence of the prostaglandin 
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synthesis inhibitor indomethacin, however, attenuated the 

inhibitory effects of both 11c-CM and SP-CM on 11c cell 

growth. Prostaglandin F1a levels were also elevated in su

pernatants of SP-CM-treated cultures compared to untreated 

log-phase cultures. Taken together, these results suggest 

that the growth inhibitory activity of Nb2-CM 1) may be due 

to a prostaglandin or 2) may involve a prostaglandin

mediated mechanism(s). 

Introduction 

Growth factors may act via a variety of mechanisms to 

stimulate or inhibit cell proliferation. Usually, a cascade 

of intracellular events is initiated by interaction of a 

growth factor with specific plasma membrane-bound receptors. 

These events may be mediated by "second messengers" which 

increase in quantity or quality (i.e. are activated) when 

the growth factor ligand binds to its receptor. For exam

ple, growth factors can stimulate diacylglycerol production 

(Rittenhouse, 1979; Ristow, et al., 1980), leading to 

protein kinase C activation (Nishizua, 1982). Protein 

kinase C can then phosphorylate intracellular substrates, 

changing the functional states of these substrates. Growth 

factor-induced protein phosphorylation is also accomplished 

by cAMP-dependent kinases. Early steps involved in the sig-
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Investigations of the role of the cAMP signal transduc

tion system in Nb2 cells suggest that cAMP and cAMP

dependent protein kinases are not activated by lactogens; 

lactogens do not induce changes in cAMP levels in Nb2 cells 

nor is the lactogen-enhanced phosphorylation of in

tracellular proteins cAMP-dependent (Kornberg and Liberti, 

1989). On the contrary, elevations in cellular cAMP levels 

may in fact inhibit Nb2 cell growth. Growth of both 

lactogen-dependent Nb2-11c cells and lactogen-independent 

Nb2-SP cells is inhibited by cholera toxin, a bacterial 

toxin which stimulates adenyl ate cyclase by ADP ribosyl at ion 

of the stimulatory guanine nucleotide binding protein (Gs ) 

of adenyl ate cyclase (Pines, et al., 1988; Larsen and 

Dufau, 1988). 

The lactogen-stimulated growth of Nb2 lymphoma cells is 

enhanced by the tumor promoter 12-0-tetradecanoyl-phorbol

l3-acetate (TPA or PMA) (Gertler, et al., 1985; Buckley, et 

al., 1986; Croze, et al., 1988; Pines, et al., 1988). 

Phorbol diesters can directly stimulate or enhance the 

mitogen-dependent proliferation of many cell types in cul

ture (Blumberg, 1980) with the principle biochemical action 

of TPA being activation of its receptor, protein kinase C 

(Kikkawa, et al., 1983). Thus, protein kinase C activation 

may play a role in the lactogen-stimulated cascade of events 

leading to mitosis in Nb2 cells. 
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Prostaglandins (PGs) may play a variety of roles in the 

lactogen-stimulated mitogenesis of Nb2 lymphoma cells. Al

though the cyclooxygenase inhibitor indomethacin has no ef

fect on cell growth, indomethacin can completely reverse the 

inhibition of Nb2 cell growth by TGF-p, suggesting that ac

tivation of PG synthesis may be an important mechanism by 

which TGF-p inhibits Nb2 proliferation (Rayhel, et al., 

1988b). In fact, PGs E1 and E2 inhibit lactogen-stimulated 

Nb2 cell growth (Rayhel, et al., 1988b; Hafez and Costlow, 

1989). Conversely, PGF2a enhances Prl-stimulated Nb2 cell 

growth (Hafez and Costlow, 1989). Therefore, PGs may regu

late Nb2 cell growth either positively or negatively, 

depending on the specific PG studied. 

The aims of the present studies were to determine 

whether Nb2-CM was inhibiting Nb2 cell growth by interfering 

with one of the stimulatory signal transduction pathways or 

by participating in one of the inhibitory signal transduc

tion pathways of Nb2 cell growth. The second messengers of 

four specific pathways known to be involved in the growth 

regulation of Nb2 cells were studied: 1) polyamines, 2) 

cAMP, 3) protein kinase C, and 4) prostaglandins. 
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Materials and Methods 

Nb2 Cell CUltures 

The lactogen-dependent Nb2 rat lymphoma cell line, Nb2-

11c, and the lactogen-independent Nb2-SP cell line were gen

erously provided by Dr. H.G.Friesen, Dept. of Physiology, 

University of Manitoba. Nb2-11c cells were maintained in 75 

cm2 Falcon tissue culture flasks (Baxter Scientific, McGaw 

Park, IL) in Fischer's medium (FM) (Grand Island Biological 

Co., Grand Island, NY) supplemented with 10% fetal bovine 

serum (FBS) as a source of lactogens, 10% lactogen-deficient 

horse serum (HS) , 0.1 roM 2-mercaptoethanol (2-ME), penicil

lin (50 units/ml), and streptomycin (50 ~g/ml) at 37°C in an 

atmosphere of 5% CO2 -95% air. Nb2-SP cells were similarly 

maintained, except growth medium was devoid of FBS. 

Two days prior to the experiments, cells were washed 

and resuspended in fresh growth medium to establish exponen

tial growth; on the day of each experiment, cells were 

washed prior to resuspension in treatment medium. In exper

iments using Nb2-11c cells, purified ovine Prl (1 ng/ml) was 

used instead of FBS to stimulate growth. In experiments 

using Nb2-SP cells, growth was stimulated by 10% HS (similar 

to culture maintenance conditions). 

Lactogen content of HS was determined to be below that 

detectable by the Nb2-11c lymphoma cell bioassay (i.e. less 
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than 10 pg/ml). Sera and antibiotics were obtained from Ir

vine Scientific (Santa Ana, CA); 2-ME and oPrl (31 I.U./mg) 

were purchased from Sigma Chemical Co. (st. Louis, MO). 

Cell numbers were determined using an electronic counter 

(Coulter Electronics, Hialeah, FL). 

Preparation and Bioassay of Conditioned Medium 

Conditioned medium (CM) was usually prepared by wash

ing exponentially-growing cultures with serum-free medium 

and resuspending cells in FM for 48 hrs. However, in some 

experiments, FM was supplemented with HS, FBS, and/or oPrl 

during the conditioning period. At the end of the con

ditioning period, cell suspensions were centrifuged (10 min 

at 1500 RPM) and cellular debris was removed from the super

natants by filtration through a 0.22 ~m pore size filter 

(Millipore, Gelman sciences). This eM and unconditioned FM 

were supplemented with oPrl and/or serum, antibiotics, and 

2-ME and applied directly to pellets of washed, 

exponentially-growing cells at an initial cell density of 

0.3 x 106 cells/mI. Cells suspended in supplemented FM or 

eM were aliquoted into 24 well culture plates (Falcon, Bax

ter Scientific). Growth of untreated and CM-treated cells 

was assayed by counting the cells in duplicate wells to ob

tain the mean cell number for each group on each day. 
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To test the effects of various agents on cell growth, 

chemicals were added to cultures of FM and CM-treated cells 

during the experimental set-up. To assay the effects of in

domethacin on the growth inhibitory activity of CM, in

domethacin was also added to the medium during the con

ditioning period. Putrescina, spermine, and indomethacin 

were obtained from Sigma Chemical Co. (st. Louis, MO). 

Cholera toxin, forskolin, and PMA were obtained from Cal

biochem (San Diego, CA). 

Radioimmunoassay for Prostaglandins 

Radioimmunoassay kits for prostaglandins E2 and 6-keto

Fla were obtained from NEN Research Products (Boston, MA). 

Nb2-llc cells were washed and resuspended either in growth 

medium, lactogen-deficient medium, or oPrl and HS

supplemented SP-CM. Supernatants of stationary (lactogen

deficient) cultures were collected after 24 hrs incubation, 

whereas supernatants of exponentially growing and CM

inhibited cultures were collected after 100 hrs incubation. 

Supernatants of log-phase and sP-CM-inhibited Nb2-SP cul

tures were also collected after 100 hrs incubation by 

centrifugation (8 min at 3000 RPM). 

Medium samples were frozen in liquid nitrogen immedi

ately after collection and stored at -80 D C until the time of 

radioimmunoassay. Samples were brought to pH 3.0 with HCI 



210 

and PGs were extracted with ethyl acetate. The solvent was 

evaporated under a stream of nitrogen and the residues were 

assayed as described in the kits. 

statistical Analysis 

statistical differences between means were determined 

by one-way analysis of variance with post-hoc comparisons 

made by the least significant differences test. Differences 

were considered to be statistically significant at the 95% 

or greater confidence level (P < 0.05). 

Results 

Effects of Putrescine and Spermine on the Nb2-CM

mediated Inhibition of Nb2-11c Cell Growth. Medium condi

tioned by either Nb2-11c or Nb2-SP cells inhibits the growth 

of llc cells stimulated by 0.01, 0.1, or 1 .. 0 ng/ml oPrl com

pared to controls incubated in unconditioned medium (Table 

20). Addition of putres~ine or spermine at 1 or 10 ~M to 

SP-CM did not alter the growth inhibitory activity of this 

eM (Figure 25b), whereas growth inhibition of 11c cells by 

11c-CM was significantly attenuated by 1 ~M spermine at 0.1 

ng/ml oPrl and significantly enhanced by spermine (1 and 10 

~M) at 1.0 ng/ml oPrl (Figure 25a). 
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Effects of Forskolin and Cholera Toxin on the llc-CM

mediated Inhibition of Nb2-llc Cell Growth. To determine 

whether the cAMP second messenger system affects growth in

hibition by llc-CM, forskolin and cholera toxin were added 

to control and CM-treated cultures. Forskolin at 1, 10, or 

100 ~M did not significantly affect the growth of 11c cells 

stimulated by 1 ng/ml oPrl (control groups in Table 21, Fig

ure 26). llc-CM significantly inhibited the growth of llc 

cells in the absence or presence of forskolin, and forskolin 

did not significantly affect the inhibitory activity of llc

CM. 

Conversely, cholera toxin at concentrations of 0.1, 

1.0, and 10.0 ng/ml significantly inhibited the growth of 

Prl-stimulated llc cells in either the presence or absence 

of llc-CM (Table 22, Figure 27). In cell cultures treated 

with both CM and cholera toxin, summation of the two in

hibitory effects occurs. 

Effects of PMA on the llc-CM-mediated Inhibition of 

Nb2-llc Cell Growth. PMA at concentrations of 1, 10, 100, 

and 1000 nM did not significantly affect the growth of llc 

cells stimulated by 1 ng/ml oPrl (Table 23, Figure 28). Al

though PMA at 1000 nM significantly reversed the CM-mediated 

growth inhibition of oPrl-stimulated llc cells, no other 

concentration of PMA tested significantly affected the in-
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hibition of cell growth by llc-eM. Furthermore, growth in

hibition by eM is significant in the absence or presence of 

PMA at all concentrations assayed. Therefore, although PMA 

at 1000 nM attenuates eM-mediated growth inhibition, this 

inhibition compared to control cultures is still sig

nificant. 

Effects of Indomethacin on the Nb2-CM-mediated Inhibi

tion of Nb2-llc and Nb2-SP Cell Growth: Incubation of Cells 

with Indomethacin During the Conditioning Period and/or Dur

ing the Bioassay of Conditioned Medium. The growth of both 

llc and SP cells was inhibited by either llc-CM and sp-eM 

compared to control cells incubated in unconditioned medium 

(Table 24). When l1c-eM or Sp-eM was prepared in the 

presence of indomethacin and this eM was subsequently bioas

sayed, indomethacin-treated eM had significantly less in

hibitory activity compared to CM prepared in the absence of 

indomethacin. In contrast, indomethacin added at the time 

of bioassay of eM did not significantly affect the in

hibitory activity of eM compared to eM bioassayed without 

indomethacin. 

Levels of Prostaglandins E2 and 6-keto-Fla in Super

natants of Untreated and SP-CM-treated Nb2-11c and Nb2-SP 

Cell CUltures. Since indomethacin inhibits PG synthesis and 
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partially reverses the inhibition of Nb2 cell growth by Nb2-

CM, a radioimmunoassay was employed to determine the levels 

of PGs E2 and F1a in the culture supernatants of stationary, 

log-growing, and CM-inhibited llc cells and log-phase and 

cM-inhibited SP cells (Table 25). Levels of PGE2 were 

similar for all culture supernatants tested, whereas levels 

of PGF1a were significantly higher in CM-treated 11c cell 

culture supernatants and significantly lower in stationary 

11c cell culture supernatants compared to supernatants of 

log-phase 1lc cell cultures. Supernatants from SP-CM

treated SP cell cultures also had greater levels of PGF1a in 

their supernatants than log-phase SP control supernatants, 

although these values were not significantly different from 

each other. 

Discussion 

The lactogen-driven mitogenesis of Nb2 lymphoma cells 

is correlated with a rise in ODe activity and intracellular 

polyamine accumulation (Richards, et al., 1982). The ODe 

inhibitor DFMO attenuates the lactogen-stimulated growth of 

Nb2 cells, whereas supplementation of DFMO-treated cultures 

with putrescine or polyamines re-establishes growth (EI

sholtz, et al., 1985). Thus, the biosynthesis of pOlyamines 

is a critical event in the proliferation of Nb2 cells in 
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response to lactogens. To determine whether the autocrine 

growth inhibitory factor in Nb2-CM attenuates lactogen

stimulated Nb2 cell growth by inhibiting polyamine 

biosynthesis and thus blunting intracellular polyamine ac

cumulation, the ODC end product putrescine and the polyamine 

spermine were added to 11c-CM and SP-CM-treated Nb2 cell 

cultures supplemented with 0.01, 0.1, or 1.0 ng/ml oPrl. 

The growth inhibitory activity of either Nb2-CM was not 

consistently attenuated by either putrescine or spermine at 

1 or 10 ~M (Table 20, Figure 25). Since supplementation of 

CM-treated cells with putrescine or spermine does not 

reverse growth inhibition by CM, it appears that a mechanism 

of action of the autocrine growth inhibitory factor in Nb2-

CM does not involve the inhibition of polyamine 

biosynthesis. since ODC activity or polyamine levels were 

not measured in control and CM-treated cultures, the effect 

of Nb2-CM on these parameters is not known. However, since 

ODC activity often correlates with the proliferative status 

of cells, CM-inhibited cells may indeed exhibit reduced ODC 

activity. since supplementation of CM-treated cultures with 

the end products of ODC does not reverse growth inhibition, 

it is possible that either 1) CM does not affect ODC ac

tivity, or 2) treatment with CM does diminish ODC activity 

and polyamine biosynthesis, but restoration of polyamine 

levels is not sUfficient to overcome growth inhibition (i.e. 
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eM also impairs other growth regulatory pathways independent 

of polyamine biosynthesis). 

The cAMP second messenger system may be involved in the 

negative growth regulation of Nb2 cells since the addition 

of the cAMP analogue 8-bromoadenosine-3 1 , 5 1 -cyclic 

monophosphate to Nb2 cell cultures inhibits lactogen

stimulated growth as well as ODe activity (Buckley, et al., 

1986~ Pines, et al., 1988~ Larsen and Dufau, 1988) and 

elevation of cAMP levels by cholera toxin also inhibits 

lactogen-stimulated Nb2 cell growth (Pines, et al., 1988~ 

Larsen and Dufau, 1988). To determine the effects of 

elevated cAMP on the inhibition of 11c cell growth by 11c

eM, control and eM-treated cultures were incubated in the 

presence or absence of forskolin or cholera toxin. Although 

forskolin did not significantly effect the log-phase growth 

of control cells or the slowed growth of eM-treated cultures 

(Table 21, Figure 26), cholera toxin significantly inhibited 

the growth of both control and eM-treated cells (Table 22, 

Figure 27). The differential effects of forskolin and 

cholera toxin on Nb2 cell growth could be due to differences 

in potency of the two compounds: forskolin causes a 

temporary elevation in cAMP whereas cholera toxin causes a 

more sustained elevation in cAMP levels (via permanent ac

tivation of Gs ). 
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since the inhibitory effects of cholera toxin and 11c

CM are additive, 11c~CM may not be inhibiting Nb2 cell 

growth via a cAMP-dependent mechanism. Interestingly, as 

the cholera toxin concentration increases, the percent in

hibition of cell growth by CM decreases. These results sug

gest that although cAMP inhibits Nb2 cell growth, cAMP may 

also partially interfere with the mechanism of action of the 

autocrine growth inhibitory factor in CM; or, alternative

ly, the CM inhibitor may antagonize the effects of cAMP. 

Thus, a summation of cAMP- and CM-dependent growth inhibi

tion occurs, but the effect of one of these inhibitors is 

partially blocked by the other. 

Although phorbol esters alone have no effect on Nb2 

cell growth, PMA enhances the lactogen-stimulated growth of 

11c cells (Gertler, et al., 1985; Buckley, et al., 1986; 

Croze, et al., 1988; Pines, et al., 1988). Enhancement of 

cell growth by PMA may be mediated by protein kinase c, 

since addition of protein kinase C inhibitors to lactogen

supplemented 11c cell cultures inhibits growth (Russell, et 

al., 1987; Too, et al., 1987). To determine whether Nb2-CM 

inhibits cell growth via depletion or inactivation of 

protein kinase C, PMA was added to control and CM-treated 

cultures. In these studies, PMA at concentrations of 1, 10, 

100, or 1000 nM did not enhance the oPrl-stimulated growth 

of control cultures, but rather, caused growth inhibition. 
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Low concentrations of PMA had no effect on CM-mediated 

growth inhibition, whereas PMA at 1000 nM significantly, but 

only partially, reversed the inhibition of Prl-stimulated 

growth by eM (Table 23, Figure 28). Thus, a high concentra

tion of PMA partially attenuates the growth inhibition of 

Nb2 cells by CM, and this effect may be mediated by activa

tion of protein kinase C or some other mechanism of phorbol 

diester action (i.e. protein or phospholipid biosynthesis). 

TGF-p inhibits lactogen-stimulated Nb2 cell growth and 

this inhibition may be mediated in part by PGs since the 

cyclooxygenase inhibitor indomethacin reverses TGF-p induced 

growth inhibition (Rayhel, et al., 1988b). In fact, PGs of 

the E series inhibit lactogen-stimulated Nb2 cells growth 

(Rayhel, et al., 1988b; Hafez and Costlow, 1989). In con

trast, PGF1a enhances Prl-stimulated Nb2 cell growth (Hafez 

and Costlow, 1989). Nb2-CM was prepared in the presence of 

indomethacin to determine whether the autocrine growth in

hibitor was a PG. Nb2-CM prepared with or without in

domethacin was also bioassayed in the presence of in

domethacin to determine whether the mechanism of action of 

the CM inhibitor involved PG synthesis. 

When 11c-CM or SP-CM was prepared with indomethacin, 

growth inhibition of either llc or SP cells by CM was sig

nificantly attenuated compared to CM prepared in the absence 

of indomethacin. Therefore, the inhibitory factor in Nb2-CM 
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may be a PG. However, indomethacin at the concentration as

sayed (2 ~M) di~ not completely reverse growth inhibition by 

eM, suggesting that either this concentration of in

domethacin only partially inhibited cyclooxygenase activity 

or that there may also be a non-PG inhibitor present in the 

eM. 

When indomethacin was added to cultures only during the 

bioassay period, growth inhibition by eM was not sig

nificantly attenuated. Therefore, indomethacin does not af

fect the ability of cells to respond to eM, but rather, in

domethacin appears to decrease the ability of llc and SP 

cells to synthesize and/or secrete an autocrine growth in

hibitor. This Nb2 cell growth inhibitory factor may be a PG 

itself. 

Levels of PGs E2 and Fla in the supernatants of un

treated and eM-treated llc and SP cells were measured by 

radioimmunoassay. While levels of PGE2 were consistent for 

all culture supernatants assayed, levels of PGFla were sig

nificantly different between supernatants of 11c cell cul

tures. Supernatants of quiescent llc cells contained sig

nificantly less PGFla than Prl-stimulated, log-phase culture 

supernatants whereas supernatants of Prl-stimulated llc 

cells inhibited by sp-eM contained significantly more PGFla. 

PGFla is probably constitutively secreted by Nb2 cells since 

it is present in the supernatants of stationary cultures 
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after 24 hrs incubation. Supernatants of cells undergoing 

log-phase grcowth for 120 hrs contain more PGF1a than sta

tionary cultures because synthesis and secretion of this PG 

either increases with time and/or is stimulated by Prl. The 

elevated level of PGF1a in supernatants of cells cultured in 

Prl-supplemented CM for 120 hrs could be due to summation of 

the PGF1a secreted by source cells conditioning the medium 

with that secreted by the target cells during the bioassay 

period. 

Taken together, the attenuation of CM inhibitory activity 

by indomethacin and the elevation in PGF1a levels in CM

treated culture supernatants suggest that a PG, possibly 

F1a , is responsible at least in part for the inhibition in 

cell growth exerted by Nb2-CM. PGF1a may be an autocrine 

growth inhibitory factor secreted to keep normal growth in 

check, and when present at high concentrations (i.e. in CM

treated cultures), the inhibitory effects of this PG domi

nate over the ability of lactogens to maintain exponential 

growth. 

In summary, results of the present study suggest that 

the mechanism of action of the autocrine growth inhibitory 

factor in Nb2-CM does not involve inhibition of polyamine 

biosynthesis or stimulation of cAMP synthesis. Also, growth 

inhibition by CM is most likely not caused by depletion or 

inactivation of protein kinase C. Rather, since in-
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domethacin partially reverses the ability of Nb2-CM to in

hibit growth, PGs are likely candidates for the autocrine 

inhibitory factor in Nb2-CM. Indeed, PGF1a levels are 

elevated in Nb2-CM-treated cultures. PGF1a or other PGs not 

assayed may be constitutively synthesized and secreted by 

Nb2 cells into their medium, and as the concentration(s) of 

this (these) PG(s) increases with time in culture, in

hibitory activity increases. 



Table 20. Effects of Putrescine and Spermine on the Nb2-CM-mediated Inhibition of 
Nb2-11c Cell Growth 

Treatment group 

Control 

11c-CM+ 
+ 1 ~M putrescine 
+ 10 ~M putrescine 
+ 1 ~M spermine 
+ 10 ~M spermine 

SP-CM++ 
+ 1 ~M putrescine 
+ 10 ~M putrescine 
+ 1 ~M spermine 
+ 10 ~M spermine 

Mean cell number x 106/ml ± SE (% inhibition of growth by CM) 
at 100 hrs 

0.01 ng/ml oPrl 0.1 ng/ml oPrl 1.0 ng/ml oPrl 

1. 000 ± 0.050 1.525 ± 0.075 2.775 ± 0.075 

0.825 ± 0.025* (18) 1.225 ± 0.025* (20 ) 2.525 ± 0.075* (9) 
0.775 ± 0.025* (22) 1.175 ± 0.025* (20 ) 2.475 ± 0.075* (11) 
0.825 ± 0.025* (18) 1.150 ± 0.050* (25) ~:~~; ~ ~:~~;:#~i!~ 0.800 ± 0.000* (20) 1.350 ± 0.050*#(11) 
0.825 ± 0.025* (18) 1.175 ± 0.025* (23) 2.275 ± 0.075*#(18) 

0.600 ± 0.025* (40) 0.625 ± 0.025* (59) 0.650 ± 0.000* (77) 
0.650 ± 0.050* (35) 0.675 ± 0.025* (56) 0.700 ± 0.000* (75) 
0.650 ± 0.000* (35) 0.650 ± 0.050* (57) 0.650 ± 0.050* (77) 
0.675 ± 0.075* (32 ) 0.650 ± 0.050* (57) 0.700 ± 0.000* (75) 
0.600 ± 0.000* ( 40) 0.700 ± 0.000* (54) 0.700 ± 0.000* (75) 

+ 11c-CM was prepared by incubating 1.5 x 106 11c cells/ml in FM supplemented with 
10% HS for 48hrs. 

++ SP-CM was prepared by incubating 0.5 x 10 6 SP cells/ml in FM supplemented with 
10% HS for 48 hrs. 

* P < 0.05 compared to control. 

# P < 0.05 compared to cells treated with llc-CM alone. tv 
tv 
f-' 



Table 21. Effects of Forskolin on the Inhibition of Nb2-11c Cell Growth by 11c-CM 

Mean cell number x 106/ml ± SE at 96 hrs 

% inhibition 
Forskolin (JLM) Control 11c-CM+ of cell growth by CM 

0 2.275 ± 0.125 1.175 ± 0.075* 48 
1 2.125 ± 0.075 1.150 ± 0.100* 46 
10 2.100 ± 0.050 1.375 ± 0.075* 35 
100 2.300 ± 0.100 1. 050 ± 0.050* 54 

+ 11c-CM was prepared by incubating 1.5 x 10 6 l1c cells/ml in FM for 48 hrs. 

* p < 0.05 compared to paired control. Forskolin-treated cultures are not sig
nificantly different from control and CM-treated cultures without forskolin. 

t\) 

t\) 

t\) 



Table 22. Effects of Cholera Toxin on the Inhibition of Nb2-11c Growth by 11c-CM 

Cholera Toxin (ng/ml) 

o 
0.1 
1.0 
10.0 

Mean cell number x 106/ml ± SE at 144 hrs 

Control 

1.750 ± 0.029 
1.200 ± 0.050 
0.975 ± 0.050 
0.900 ± 0.050 

11c-CM+ 

1.100 ± 0.000* 
0.800 ± 0.050* 
0.650 ± 0.050* 
0.675 ± 0.025* 

% inhibition 
of cell growth by CM 

37 
33 
33 
25 

+ 11c-CM was prepared by incubating 1.5 x 106 11c cells/ml in FM for 48 hrs. 

* p < 0.05 compared to paired controls. All cultures with cholera toxin are sig
nificantly different from control and CM-treated cultures without cholera toxin. 

tv 
tv 
W 



Table 23. Effects of PMA on the Inhibition of Nb2-11c Cell Growth by 11c-CM 

Mean cell number x 106/ml ± SE at 96 hrs 

% inhibition 
PMA (nM) Control 11c-CM+ of cell growth by CM 

0 2.275 ± 0.125 1.175 ± 0.075* 48 
1 1.900 ± 0.100 1.125 ± 0.025* 41 
10 1. 800 ± 0.100 1.025 ± 0.075* 43 
100 1.950 ± 0.050 1. 050 ± 0.050*.11 46 
1000 2.070 ± 0.100 1.450 ± 0.250u 30 

+ llc-CM was prepared by incubating 1.5 x 106 llc cells/ml in FM for 48 hrs. 

* P < 0.05 compared to paired control. All control cultures with PMA are sig
nificantly different from control cultures without PMA. 

# P < 0.05 compared to CM-treated cultures without PMA. 

N 
N 
.!:> 



Table 24. Effects of Indomethacin on the Inhibition of Nb2-11c and Nb2-SP Cell 
Growth by 11c-CM and SP-CM 

Treatment 

Control 

11C-CM+ 
11c-CM 
11c-CM 
11c-CM 

SP-CM++ 
SP-CM 
SP-CM 
SP-CM 

Presence/absence (+/-) 
of indomethacin (2 ~M) in CM 

conditioning 

+ 

+ 

+ 

+ 

Bioassay 

+ 
+ 

+ 
+ 

Mean cell number x 106/ml ± SE 
(% inhibition of growth by CM) at 96 hrs 

11c cells SP cells 

2.725 ± 0.075 2.325 ± 0.075 

2.075 ± 0.075* (24) 
2.450 ± 0.100# (10) 

1.750 ± 0.100* (25) 
2.125 ± 0.025# (9) 

2.125 ± 0.025 (22) 1.825 ± 0.125# (22) 
2.350 ± 0.000# (14) 2.350 ± 0.100 (+1) 

1.075 ± 0.075* (60) 0.950 ± 0.000* (59) 
1.375 ± 0.075# (50) 1.125 ± 0.025 (52) 
1.150 ± 0.050 (58) 0.900 ± 0.000 ( 61) 
1.350 ± 0.000# (50) 1.100 ± 0.000 (53) 

+ 11c-CM was prepared by incubating 0.3 x 106 11c cells/ml in FM supplemented with 
10% HS and 1 ng/ml oPrl. 

++ SP-CM was prepared by incubating 0.3 x 10 6 SP cells/ml in FM supplemeted with 10% 
HS. 

* P < 0.05 compared to control. 

J; • • • 

rr P < 0.05 compared to CM treatment wlthout lndomethacln. 
N 
N 
U1 



Table 25. Levels of Prostaglandins E2 and 6-keto-F1a in Supernatants of Untreated 
and SP-CM-treated Nb2-11c and Nb2-SP Cell Cultures 

Cell line 

Nb2-11c 
Nb2-11c 
Nb2-11c 

Nb2-SP 
Nb2-SP 

Culture treatment 

control-log growth 
control-stationary 
SP-CM-growth inhibited 

control-log phase 
SP-CM-growth inhibited 

* P < 0.05 compared to log-phase controls. 

Mean prostaglandin levels in culture 
supernatants (pg/0.1 ml) ± SE 

E2 6-keto-F1a 

35.698 ± 0.588 498.21 ± 99.·101 
38.939 ± 0.546 212.29 ± 13.302* 
28.180 ± 0.804 846.36 ± 16.962* 

36.263 ± 3.976 262.19 ± 76.670 
41.927 ± 5.641 311. 79 ± 1.992 

N 
N 
G'I 
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Figure 25. Effects of putrescine and spermine 
on the Nb2-CM-mediated inhibition of Nb2-llc 
cell growth. llc cells were cultured in FM or 
llc- or SP-CM supplemented with 10% HS and 
0.01, 0.1, or 1.0 ng/ml oPrl. 
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Figure 26. Effects of forskolin on the 11c-CM-mediated inhibition 
of 1Ic cell growth. 11c cells were incubated in FM or CM supple
mented with 10% HS, 1.0 ng/ml oPrl and 0, 1, 10, or 100 ~M 
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Figure 27. Effects of cholera toxin on the llc-CM-mediated in
hibition of llc cell growth. llc cells were incubated in FM or CM 
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SUMMARY 

The growth of Nb2 rat lymphoma cells is stimulated in a 

specific and sensitive manner by lactogenic hormones and the 

use of Nb2 cultures as a convenient bioassay system for Prl 

and other lactogenic hormones has increased in popularity. 

These cell cultures may also be employed to study the prog

ression of malignant cells from hormone-dependency to 

-independency since a continuous line of relatively 

autonomous Nb2 cells, designated Nb2-SP, has been developed. 

In these studies, the hormone-dependent Nb2-11c cell line 

and the hormone-independent Nb2-SP cell line were analyzed 

for similarities and differences in ultrastructural and sur

face morphological features as well as growth control with 

respect to autocrine regulation. Morphological studies 

reveal that Nb2-11c and Nb2-SP cells are indistinguishable 

on the basis of surface morphology but exhibit subtle dif

ferences at the level of ultrastructural morphology. The 

incidence and volume density of nuclear pockets is sig

nificantly greater in Nb2-11c cells wher~as the incidence 

and volume density of lipid droplets is significantly 

greater in Nb2-SP cells. 

The foregoing studies also demonstrate that both 

lactogen-dependent and lactogen-independent Nb2 lymphoma 

cells both secrete an autocrine growth inhibitory factor 
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into their medium. Medium conditioned by either lactogen

dependent Nb2-11c cells or lactogen-independent Nb2-SP 'cells 

inhibits the growth of either cell line in a dose-dependent 

manner. Thus, although the mechanisms of growth stimulation 

in these cell lines differs, they share a common mode of 

growth restriction in the secretion and response to a nega

tive autocrine growth factor. 

The autocrine growth inhibitory activity of Nb2-CM is 

dependent upon the number of cells conditioning the medium 

and the time period of conditioning. Also, medium condi

tioned by proliferating cells as well as quiescent cells ex

hibits growth inhibitory activity. These results suggest 

that Nb2 cells constitutively secrete an autocrine growth 

inhibitor. 

Inhibition of Nb2 cell growth by Nb2-CM is neither de

pendent upon the specific mitogen available to cells nor is 

it cell type specific. For example, Nb2-CM can inhibit the 

growth of both normal rat splenocytes in response to Con A 

as well as MCF-7 human breast cancer cells in response to 

FBS or oPrl. 

Nb2-CM causes a reversible reduction in the growth rate 

of Nb2 cells, splenocytes, or MCF-7 cells rather than induc

ing quiescence or cell death. Flow cytometric analysis of 

Nb2 cells indicates that growth inhibition by Nb2-CM occurs 

by delaying the progression of cells through all phases of 
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the cell cycle rather than causing blockage and accumulation 

of cells in a specific cell cycle phase. Thus, cells 

treated with Nb2-CM retain the capacity to proliferate, but 

at a much reduced rate compared to untreated cells. 

The biochemical nature of the Nb2 cell autocrine growth 

inhibitor is equivocal. The biological activity of Nb2-CM 

is not significantly attenuated by treatment with heat or a 

variety of proteolytic enzymes, suggesting that the in

hibitor may not be proteinaceous. 

Inhibition of cell growth by Nb2-CM does not appear to 

involve the cAMP, polyamine, or protein kinase C second mes

senger systems. Since preparation of Nb2-CM in the presence 

of indomethacin significantly reduces the growth inhibitory 

activity of Nb2-CM, the inhibitor may be an arachadonic acid 

metabolite. Interestingly, prostaglandin F1a levels are 

elevated in CM-treated culture supernatants. Although the 

Nb2 cell inhibitor cannot be definitively identified as a 

prostaglandin on the basis of these results alone, it may be 

postulated that the methods employed in this study to 

biochemically characterize and purify the inhibitor were in

sUfficient to detect small, lipid-like molecules such as 

prostaglandins. 



Answers to the specific questions adressed in this 

study are: 
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1. Do lactogen-dependent Nb2-11c cells differ from 

lactogen-independent Nb2-SP cells with respect to 

ultrastructural or surface morphology? 

YES. Although Nb2-11c and Nb2-SP cells display 

similar surface morphological features, their 

ultrastructural morphology significantly differs in 

the mean volume density and incidence of 

nuclear pockets (greater in Nb2-11c cells) and 

lipid droplets (greater in Nb2-SP cells). 

2. Does medium conditioned by Nb2-11c or Nb2-SP cells 

display autocrine growth inhibitory activity? 

YES. Medium conditioned by either lactogen 

-dependent Nb2-11c cells or lactogen-independent 

Nb2-SP cells inhibits the growth of either cell 

line in a dose-dependent manner. 

3. Is the autocrine growth inhibitory activity of 

Nb2-CM modified by: 

a. the proliferative status of cells conditioning 

the medium? 

YES. The magnitude of growth inhibition of both 
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Nb2-llc and Nb2-SP cells by either type of Nb2-CM 

is directly related to the growth rate of cells 

conditioning the medium. This effect is due to the 

number of cells conditioning the medium rather than 

cell division per se. 

b. the time period of conditioning? 

YES. The inhibitory activity of both llc-CM 

and SP-CM is directly proportional to the 

conditioning time period. 

c. the specific of mitogen available to the cells? 

NO. Nb2-CM inhibits the growth of Nb2-SP cells in 

response to HS and the growth of Nb2-llc cells in 

response to oPrl, FBS, and hGH. 

4. Is the autocrine growth inhibitory effect of 

Nb2-CM reversible? 

YES. Growth of Nb2-CM inhibited cells resumes when 

cells are washed and resuspended in unconditioned 

medium. Nb2-CM inhibits cell growth via cytostatic 

rather than cytotoxic mechanisms since the percent 

of viable cells in CM-treated cultures is similar 

to that in untreated cultures and the inhibition 

phenomenon is reversible. 

5. Does autocrine growth inhibition by Nb2-CM alter 



normal cell cycle distribution? 

NO. Nb2-CM does not cause blockage and 

accumulation of cells in a specific cell cycle 

phase, suggesting that Nb2-CM inhibits growth by 

delaying the progression of cells through all 

phases of the cell cycle. 

6. Is the growth inhibitory activity of Nb2-CM 

specific for Nb2 cells? 

NO. Nb2-CM also inhibits the growth of 
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Con A-stimulated normal rat splenocytes and FBS

and Prl-stimulated MCF-7 human breast cancer cells. 

7. What is the biochemical nature of the putative 

autocrine growth inhibitory factor in Nb2-CM? 

The autocrine growth inhibitory activity of Nb2-CM 

is not significantly attenuated by heat treatment 

or treatment with a variety of proteases, 

suggesting that the inhibitor may not be a 

polypeptide. 

8. Is the mechanism of action of autocrine growth 

inhibition by Nb2-CM related to one of the 

following Nb2 cell signal transduction pathways: 

a. polyamines? 
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NO. supplementation of Nb2-CM with the ODC end 

product putrescine or the polyamine spermine had 

no effect on CM-mediated growth inhibition, 

suggesting that Nb2-CM does not inhibit growth 

by blocking polyamine biosynthesis. 

b. cAMP? 

NO. Supplementation of Nb2-CM with the cAMP 

stimulator cholera toxin enhanced CM-mediated 

growth inhibition, suggesting that Nb2-CM may 

not be inhibiting growth via a cAMP-dependent 

mechanism. 

c. protein kinase C? 

NO. Supplementation of Nb2-CM with the protein 

kinase activator PMA did not completely reverse 

the inhibition of cell growth by CM, suggesting 

that CM does not inhibit growth by depressing 

protein kinase C activation. 

d. prostaglandins? 

YES. Preparation of Nb2-CM in the presence of 

the cyclooxygenase inhibitor indomethacin 

significantly attenuated the inhibition of cell 

growth by CM. Furthermore, prostaglandin F1a 

levels were elevated in supernatants of 

CM-treated cells compared to untreated cell 

supernatants. Thus, the growth inhibitory 
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activity of Nb2-CM may be due to a prostaglandin 

or may involve a prostaglandin-mediated 

mechanism. 
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APPENDIX A 

Cell CUlture 

I. Culture of Nb2 Lymphoma Cells 

Both the Nb2-11c and Nb2-SP rat lymphoma cell lines 

were generously provided by Drs. Henry Friesen and Ian 

Worsley of the Department of Physiology, University of 

Manitoba. The Nb2-11c cell line is a lactogen-dependent 

clone of the original Nb2 lymphoma culture established by 

Dr. Peter Gout of the Cancer Control Agency of Brish Colum

bia. The lactogen-independent "spontaneously proliferating" 

Nb2-SP cell line arose after frequent subculturing of the 

original Nb2 cell line, and consists of cells whose growth 

control mechanisms have progressed from hormone-dependency 

to a relative state of autonomy. 

A. Growth Maintenance of Nb2 Cell Cultures 

Nb2 cell cultures were maintained in suspension in 75 

cm2 tissue culture flasks, with caps loosened, in a 

humidified atmosphere of 5% C02-95% air at 37°C. Cells were 

subcultured twice a week by diluting cell suspensions 1:5 

with fresh growth medium. Specifically, when the upper 

limiting density (around 2.4 x 106 cells/ml) was approached, 

cell suspensions were subcultured to the lower limiting 

density (around 0.3 x 106 cells/ml). 



Growth Medium: Nb2-11c Cells 

450 ml Fischer's Medium for Leukemic Ceils of Mice (FM) 

1 ml 50 roM 2-Mercaptoethanol (0.1 roM 2-ME) 
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5 ml Penicillin(10,000 U/ml)-streptomycin(10,000 mcg/ml) 

solution (1% PS) 

50 ml Fetal Bovine Serum (10% FBS) 

50 ml lactogen-deficient Horse Serum (10% HS)* 

Growth Medium: Nb2-SP Cells 

450 ml Fischer's Medium for Leukemic Cells of Mice (FM) 

1 ml 50 roM 2-Mercaptoethanol (0.1 roM 2-ME) 

5 ml Penicillin(10,000 U/ml)-Streptomycin(10,000 mcg/ml) 

solution (1% PS) 

50 ml lactogen-deficient Horse Serum (10% HS)* 

* Lactogen content of each lot of HS used was determined to 

be below that detected by the Nb2-11c lymphoma cell bioassay 

(i.e. less than 10 pg/ml). 

Procedure for Subculturing Cells: 

1. Cell suspensions to be subcultured were triturated with 

a 10 ml pipet to break apart any cell clumps and form a 

single cell suspension. 

2. Five ml of this cell suspension was aliquoted into a new 

T75 flask. This was repeated until the desired number of 

flasks was obtained, with any remaining cell suspension dis-
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carded appropriately. 

3. To the new flasks, 25 ml of fresh growth medium was 

added, resulting in a final volume of 30 ml cell suspension 

per flask. 

B. Freezing and Resurrection of Cells 

Nb2 lymphoma cells were frozen and resurrected routine

ly (several times per year) to maintain a stock of low pas

sage number cultures for current as well as future use. 

Procedure for Freezing Cells: 

1. Log-phase cell cultures were centrifuged for 10 minutes 

at 1000 RPM in 15 ml conical tubes. 

2. The supernatant was aspirated and discarded. 

3. The cell pellet was resuspended in growth medium con

taining 8% (v/v) dimethylsulfoxide (DMSO) to a final cell 

concentration of 2.0 x 106 cells/mI. 

4. This cell suspension was aliquoted into cryovials, with 

1.5 ml suspension per vial. 

5. Vials were wrapped in tissue paper and packed in a 

styrofoam box, then placed in a -80 D C freezer. Insulating 

the vials allowed for slow freezing, which increased 

recovery yield upon resurrection. 

6. After 24 hours, vials were transferred to the liquid 

nitrogen freezer. Alternatively, some vials were stored in 

a -80 D C freezer for up to six months. 
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Procedure for Resurrecting Cells: 

1. Vials were retrieved from the liquid nitrogen or -80°C 

freezer. 

2. Frozen cell suspensions were thawed quickly by immersing 

vials in a 37°C water bath and gently shaking. 

3. When only a small ice crystal remained in each vial, 

vials were removed from the water bath and dried, then wiped 

with 70% ethanol. 

4. Under the sterile hood, the contents of each vial was 

transferred to a 15 ml conical centrifuge tube. 

5. Ten ml of growth medium was added to each tube and the 

tubes were gently inverted 2-3 times to mix the cells 

suspension and the growth medium. 

6. Tubes were centrifuged for 8 minutes at 1000 RPM. 

7. The supernatants were aspirated and discarded. 

8. Each cell pellet was gently resuspended in 5 ml growth 

medium and aliquoted into a small flask or petri dish. 

9. Cultures were incubated for 24 hours. 

10. Each cell suspension was aliquoted into a 15 ml 

centrifuge tube. 

11. Tubes were centrifuged for 8 minutes at 1000 RPM. 

12. The supernatants were aspirated and discarded. 

13. Each cell pellet was resuspended in 5 ml growth medium 

and aliquoted into a small flask or petri dish. 

14. Cultures were placed in the incubator and subcultured 

when the upper limiting cell density was reached. 
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C. Preparation of Conditioned Medium 

Nb2-CM was prepared by incubating Nb2-11c or Nb2-SP 

cells in FM. Although the number of cells conditioning the 

medium and supplementation of medium with serum and/or oPrl 

during conditioning, as well as the time period of con

ditioning, was varied in an attempt to biologically charac

terize the autocrine growth inhibitory activity in Nb2-CM, 

most bioassays of inhibitory activity were carried out using 

Nb2-CM that was prepared by incubating 1.5 x 106 cells/ml in 

unsupplemented FM for 48 hrs. 

Procedure: 

1. Nb2 cells were subcultured 2 days prior to use for me

dium conditioning to establish exponential growth. 

2. Exponential cultures were centrifuged at 1000 RPM for 8 

min in 50 ml aliquots in conical tubes. 

3. The supernatants were aspirated and discarded. 

4. Cell pellets were resuspended in 50 ml FM by gentle 

trituration with a 10 ml pipet. 

5. Cell suspensions were centrifuged again at 1000 RPM for 

8 min. 

6. The supernatants were aspirated and discarded. 

7. Cell pellets were resuspended in a volume of FM giving 

rise to 1.5 x 106 cells/ml by gentle trituration with a 10 

ml pipet. 

8. Cell suspensions were transferred to 75 or 250 cm2 
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flasks and incubated for 48 hrs at 37°C in an atmosphere of 

5% CO2 -95% air. 

9. At the end of the conditioning period, cell suspensions 

were transferred to 50 ml conical tubes and centrifuged at 

1500 RPM for 8 min. 

10. Supernatants were removed from cell pellets carefully 

and transferred to a sterile 500 ml serum bottle. Pellets 

were discarded appropriately. 

11. Nb2-CM was filtered using a sterile, disposable 0.22 urn 

pore size filter to remove cellular debris (although cell 

lysis was minimal after 48 hrs in serum-free medium). 

12. Nb2-CM was either immediately used to resuspend pellets 

of log-phase cells for bioassay, or was desalted, con

centrated, and/or fractionated prior to use. 

II. Culture of MCF-7 Cells 

MCF-7 human breast cancer cells were obtained from Dr. 

Jeffrey Trent, Arizona Cancer Center. 

A. Growth Maintenance of MCF-7 Cells 

MCF-7 cells were maintained in monolayer in 75 cm2 tis

sue culture flasks, with caps loosened, in a humidified at

mosphere of 5% C02-95% air atmosphere at 37°C. Cells were 

subcultured twice a week by detatching cells from the floor 

of the tissue culture flask and diluting the cell suspension 

1:5 with fresh growth medium. 



Growth Medium: MCF-7 Cells 

450 ml Dulbecco's Modified Eagle's Medium (DMEM) 

50 ml Fetal Bovine Serum (10% FBS) 
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5 ml Penicillin(10,000 U/ml)-Streptomycin (10,000 mcg/ml) 

solution (1% PIS) 

Procedure for Subculturing Cells: 

1. Old growth medium was aspirated and cells were washed 

with 5 ml DMEM, which was subsequently aspirated. 

2. Three mls of 0.25% trypsin in phosphate-buffered saline 

was added to culture flasks. 

3. Flasks were placed in the incubator for 5 minutes or un

til the cells detatched. 

4. Cells were resuspended in 25 ml growth medium and 

suspensions were triturated with a 10 ml pipet to break 

apart cell clumps and form a single cell suspension. 

5. The new cell suspension was dispensed in 5 ml aliquots 

into new flasks, to which 25 ml fresh growth medium was 

added. 

B. Preparation of Charcoal-stripped FBS 

FBS was charcoal-stripped to remove endogenous steroids 

and prolactin, so that the effects of prolactin alone on 

MCF-7 cell growth could be determined. 
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Procedure for Charcoal-stripping Serum: 

1. A dextran-coated charcoal solution was prepared by com

bining the following: 

1.2114 g Tris 

2.5 g Norita charcoal 

0.025 g dextran 

water to a final volume of 1 liter 

2. The pH of this solution was then adjusted to 8.0, and 

the solution was autoclaved and aliquoted into 50 ml conical 

tubes for storage in the refrigerator. 

3. To strip FBS, 2 tubes of dextran-coated charcoal were 

centrifuged (30 min at 3000 RPM), the supernatants were 

removed and discarded, and 27 ml FBS was added to 1 tube. 

4. The FBS-charcoal solution was incubated for 30 min at 

450 C with continuous shaking. 

5. The FBS-charcoal solution was centrifuged (30 min at 

3000 RPM) and the serum supernatant was removed and added to 

a second charcoal pellet for restripping. 

6. After a second centrifugation, the charcoal-stripped FBS 

was removed and stored at -20°C until use. 

III. Primary Culture of Rat Splenocytes 

Splenocytes were harvested from adult female Sprague

Dawley rats (100-125 g weight) to determine the effects of 

Nb2 lymphoma cell conditioned medium on normal lymphocytes. 
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Procedure for Splenocyte Harvest: 

1. Rats were decapitated and spleens were removed. 

2. Spleens were rinsed with sterile medium 5 times, and 

transferred to a sterile hood in a sterile petri dish. All 

of the following procedures were carried out using sterile 

instruments in a sterile hood. 

3. Spleens were diced with a razor blade into 1 mm3 pieces. 

4. Spleen pieces were pressed through a 74 urn mesh screen 

in a cellector apparatus. 

5. Cells were washed 3 times by centrifugation (7 min at 

1500 RPM) and resuspension of pellets in FM supplemented 

with 10% FBS, 10% HS, and 1% PIS. 

6. After the final wash, splenocyte pellets were 

resuspended in FM supplemented with 5% FBS, 1.0 ug/ml con

canavalin A, 0.1 roM 2-ME, and 1% PIS at a concentration of 

0.5 x 106 cells/mI. 

7. Splenocytes grew in suspension in 75 cm2 tissue culture 

flasks, with caps loosened, in a humidified atmosphere of 5% 

CO2 -95% air at 37°C for 2-3 weeks. 
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APPENDIX B 

Amicon Ultrafiltration 

The purpose of Amicon ultrafiltration was to con

centrate, desalt, and/or fractionate by molecular weight 

Nb2-CM prior to performing bioassays for inhibitory ac

tivity. Amicon ultrafiltration utilizes pressure of 

nitrogen gas to push solutes through a membrane on the floor 

of a chamber holding a solution. Membranes with a variety 

of molecular weight pore sizes may be utilized in series to 

produce fractions with specific molecular weight ranges. 

Alternatively, a single UM 05 (500 D) membrane may be used 

to desalt and concentrate Nb2-CM. 

Fractionation Procedure: 

1. Prior to ultrafiltration, the Amicon chamber was steril

ized by autoclaving. The pressure release valve, which can

not be autoclaved, was sterilized by soaking in 70% ethanol 

for several hours. 

2. New membranes were prepared for ultrafiltration by rins

ing in distilled water for several hours, changing water 3-5 

times, to remove glycerin and sodium azide. Membranes were 

sterilized by soaking in 70% ethanol for at least one hour 

prior to ultrafiltration. 

2. A XM 300 (300,000 D) membrane was placed in the 
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ultrafiltration device in a sterile hood and the Amicon unit 

was assembled. 

3. Conditioned medium was filtered through a sterile, dis

posable 0.22 um pore size filter to remove cellular debris. 

4. Nb2-CM (200 ml) was added to the Amicon reservoir 

through the top valve port using a sterile 10 ml pipet. 

5. The pressure release valve was screwed into the Amicon 

unit and the side gas port was sealed with parafilm. 

6. The Amicon unit was transferred to the cold room and set 

on a stir plate. The Amicon chamber is equipped with a stir 

rod suspended a few millimeters over the membrane, which 

continuously mixes the solution during ultrafiltration but 

does not disrupt the integrity of the delicate membrane sur

face. The stir rod was allowed to spin at a medium speed 

throughout filtration. 

7. Tubing from the nitrogen tank was attatched to the upper 

side port of the chamber. Nitrogen pressure was maintained 

between 20 and 40 psi, using pressures at the upper end of 

this range for membranes with smaller molecular weight cut

offs. 

8. Tubing at the bottom of the resevoir, through which the 

filtrate leaves the chamber, was fed into a sterile flask 

whose opening was sealed with parafilm. 

9. When the volume of medium in the reservoir reached ap

proximately 10 ml, the Amicon unit was transferred to the 

sterile hood and 200 ml sterile distilled water was added to 
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the chamber. The unit was transferred back to the cold room 

to continue ultrafiltr.at~on. 

10. When 10-20 ml solution remained in the resevoir, the 

Amicon unit containing the retentate and the flask contain

ing the filtrate were transferred to the sterile hood. 

11. Any solutes adhering to the membrane were dislodged by 

gentle trituration with a 10 ml pipet, taking care not to 

touch the surface of the membrane with the pipet tip. 

12. The retentate (containing solutes greater than 300,000 

OJ was removed from the resevoir, placed in a glass round 

bottom flask, and frozen at -BO·C. 

13. The XM 300 membrane was replaced with a YM 100 (100,000 

OJ membrane. The XM 300 filtrate (containing solutes less 

than 300,000 OJ was added to the reservoir. 

14. steps 5-13 were repeated, replacing the YM 100 membrane 

with a YM 30 (30,000 OJ membrane, followed by a YM 10 

(10,000 D) membrane, and finally, a YM 02 (1000 D) membrane. 

The YM 02 filtrate (salt fraction) was discarded. Serial 

ultrafiltration produced 5 retentates with the following 

molecular weight ranges: 

R1 > 300,000 0 

R2 300,000 - 100,000 0 

R3 100,000 - 30,000 0 

R4 30,000 - 10,000 0 

R5 10,000 - 1,000 0 

15. All retentates were shell frozen. 
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16. All retentates were lyophilized. 

17. Lyophilized retentates were resuspended in 200 ml FM. 

18. Each retentate was supplemented with 1 ng/ml oPrl, 10% 

HS, 0.1 roM 2-ME, and antibiotics prior to bioassay of each 

fraction for growth modulatory activity. 

Desalting and Concentrating Procedure: 

A similar procedure was used to concentrate and desalt 

Nb2-CM, except that Nb2-CM was ultrafiltered through a 

single UM 05 membrane (500 D). The retentate was collected, 

shell frozen, lyophilized, and resuspended in FM to 1/100th 

the original Nb2-CM volume. The filtrate (salt fraction) 

was discarded. 
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APPENDIX C 

Column Chromatography 

The purpose of this procedure was to fractionate Nb2-CM 

by molecular weight. eM desalted and concentrated by 

ultrafiltration was chromatographed on Sephadex G-50 and G-

25 columns. FM was also desalted and concentrated by 

ultrafiltration and chromatographed on a G-25 column as a 

control. Ultrafiltration was performed as discussed above, 

except that lyophilized CM or FM was resuspended in 1% 

formic acid rather than FM prior to loading on the column. 

Chromatography Procedure: 

1. Dry sephadex was soaked in deionized/distilled (d/d) 

water for 2 hrs. 

2. After the sephadex beads settled, water and floating 

bead fragments were removed and discarded. 

3. More water was added to the sephadex beads, the suspen

sion was mixed, and the beads were allowed to settle again 

for 2 hrs. 

4. Water was again removed, and this rinsing procedure was 

repeated until no bead fragments remained (3-5 times). 

5. The sephadex solution was deaerated at room temperature 

overnight. 

6. Enough of the upper water layer was removed to produce a 
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Sephadex slurry with the consistency of thin Cream of Wheat. 

7. The column was cleaned then assembled in the cold room 

and leveled. 

8. A small amount of did water was added to the column and 

allowed to flow out to remove any air bubbles from the lower 

tubing assembly. 

9. The Sephadex slurry was poured into the column gently, 

using a glass rod, to prevent introduction of air bubbles 

into the column. 

10. Sephadex was allowed to pack and the height of the 

column was adjusted to 5-10 cm below the level of the upper 

head assembly by adding more of the Sephadex slurry. 

11. Water was gently layered on top of the Sephadex, fill

ing the column. 

12. The upper head of the column was replaced and attatched 

to a reservoir filled with did water. 

13. At least one column volume of water was allowed to flow 

through the column at a slow rate (i.e. 10 drops/min) to 

pack the column. 

14. Water in the reservoir was replaced with 1% formic acid 

and a column volume of this eluent was allowed to flow 

through the Sephadex at a slow rate. 

15. To add concentrated, desalted Nb2-CM to the column, the 

upper head assembly was detatched and eluent was gently 

removed to within 1 cm of the column bed with a pasteur 

pipet. 
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16. Eluent was allowed to slowly flow out of the column, 

just until the edges and center of the Sephadex bed appeared 

dry. 

17. Lyophilized Nb2-CM resuspended in 1% formic acid was 

gently added to the Sephadex bed with a pasteur pipet; care 

was taken not to disrupt the integrity of the bed. 

18. Nb2-CM was allowed to flow into the column, and the 

column walls were gently rinsed twice with 1% formic acid, 

which was then allowed to flow into the column. 

19. More eluent was added, filling the column to the top, 

and the upper head assembly was reattatched. 

20. Eluent from the resevoir was allowed to flow through 

the column, monitoring flow rate for several hours until it 

stabilized. 

21. Flow rate was maintained at 10 drops/min with 10 min 

per tube. The absorbance of each tube at 280 nm was re

corded on a chromatogram. 

22. After the final peak of absorbance was recorded, tubes 

were pooled together based on peaks or troughs of absor

bance. 

23. These column fractions were shell frozen, lyophilized, 

and resuspended in FM to a final concentration of 25-fold 

(G-50) or 1000-fold (G-25) the original Nb2-CM or FM volume. 
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