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CHAPTER I 

INTRODUCTION 

Discoverv Q£, Mou?e Mammary 
Tumor Virus Strains 

Study of the mouse mammary tumor and its associated 

virus, the mouse mammary tumor virus (MMTV) began in the 

early 1900's with the work of C C . Little who developed 

inbred strains of mice which were brother-sister mated for 

their high incidence of mammary tumors (48). In 1933, the 

staff of the Roscoe B. Jackson laboratories showed that the 

early development of mammary neoplasia in high incidence 

mammary cancer strains was due to a maternal influence. 

Studies of the progeny of crosses between high incidence C3H 

and low incidence C57B1 mice demonstrated that when the high 

incidence parent was female, greater than 90 percent of the 

female progeny developed mammary cancer. However, if the 

female parent was of the low-incidence strain, fewer than 10 

percent of the female progeny developed mammary tumors (8 6). 

After 3 years, John Bitter identified a factor which he 

termed the "milk factor." Mouse mammary gland carcinomas 

were transmitted from the mother to the offspring by a 

factor in the milk (10) . Bittner later demonstrated that 

milk factor was most likely a virus when filtration did not 

remove the infectivity from milk of high mammary tumor 

incidence strains (11). In 1968, Hageman and her colleagues 



provided definitive proof that the Bittner milk virus was a 

B type particle. This particle has been named the mouse 

mammary tumor virus (MMTV), These investigators showed that 

highly purified oncogenic virus induced mammary carcinomas 

in female mice of strains with a low incidence of the dis

ease (15, 36), According to origin and the pathology of the 

mammary tumor, the highly oncogenic, original, milk trans

mitted MMTV in C3H and A strain mice is now known as MMTV-S. 

A second strain in C3H, MMTV-L is known as the nodule-

inducing virus (58). This strain can be detected in foster 

nursed C3H mice and causes mammary tumors late in life. The 

resulting foster nursed mice, designated C3Hf, lost MMTV-S, 

but retained MMTV-L (66). This strain of MMTV is transmitted 

through the egg and sperm, but generally not through the 

milk (35), Another strain, MMTV-P in GR, induced pregnancy-

dependent neoplastic lesions that resembled plaques and 

produced hormone responsive tumors. This virus is trans

mitted through the egg and sperm as well as through the milk 

(8) . An additional type of MMTV was discovered in the low 

incidence Balb/c strain. Since it was overlooked for many 

years, this strain was designated MMTV-O and has as its 

natural host, the Balb/c strain of mouse (35). This virus is 

also transmitted through germ cells (57) . The low incidence 

strains O20 and C57B1 carried MMTV-X, and MMTV-Y, respec

tively. These MMTV types could be induced by X-irradation 



and exposure to the carcinogen urethane (22) . These two 

viruses are generally transmitted through the egg or sperm 

(91), while MMTV-X has high oncogenic potential, MMTV-Y when 

induced expresses only antigens. The last strain identified, 

MMTV-W, was isolated from feral mice and proved to be rather 

virulent after one passage in a Balb/c mouse (4, 5). These 

endogenous viral genomes which are transmitted as proviruses 

in egg or sperm cells now comprise some 20 different genetic 

loci and are numbered and referred to as MMTV-1 to MMTV-2 0 

(67) and different mouse strains now possess different 

compositions of these replication competent and defective 

proviruses. 

Structure d. Mouse Mammary Tumor Vjrus 

In understanding the MMTV system, many researchers have 

defined in detail the protein compositon and physical 

structure of MMTV. MMTV is a B type retrovirus charac

terized by an eccentric nucleoid surrounded by a viral 

lipoprotein envelope. This B type virus buds as a preformed 

nucleoid. MMTV has RNA coding sequences in the RNA that are 

organized into three distinct units, or genes. In a 5' to 3' 

order, these genetic units comprise gag, encoding for all of 

the internal structural proteins; pol^ encoding the RNA-

dependent DNA polymerase; and env, encoding for the viral 

components of the unit membrane envelope. All three genes 



are required for viral replication. The major proteins 

derived from these three gene products are the non-

glycosylated virion proteins (p27, pp21, pl4, and plO), the 

RNA-dependent DNA-polymerase, and glycoproteins (gp52 and 

gp36) (30, 77). 

One unusual feature of MMTV that has only recently come 

to light is that it has the potential to encode what may 

represent an additional gene or gene product, quite distinct 

from the structural genes gaa, pol, and env. However, it is 

still not clear if these sequences represent a gene; there

fore, they are simply referred to as an open reading frame, 

abbreviated as orf. Orf, though not a true oncogene, may 

contribute to the oncogenic event by rendering cells more 

vulnerable to some other stimulus (27). 

One of the most abundant polypeptides in both virus and 

core preparations is p27: for this reason, p27 is presumed 

to be the major structural component of the virus core (24, 

45, 76, 88, 96). Its abundance, coupled with its strongly 

immunogenic properties, has been exploited as the basis for 

several radioimmunoassays used for the detection of MMTV 

(38, 65). Although a high proportion of p27 molecules seem 

to be phosphorylated (62, 79), a property reflected in the 

heterogeneity observed in isoelectric point (pH 6.5 to pH 

6.8) (62), the protein also contains a hydrophobic domain 

(51), consistent with its postulated role as the shell of 



the viral nucleoid. Although p27 is phosphorylated, the 

major virion phosphoprotein is pp21 (78) . In isoelectric 

focusing, this protein behaves as a heterogeneous collection 

of about five distinct species, presumably resulting from 

variability in the degree of phosphorylation (63) . It also 

has the capacity to exist in multimeric forms (31), which 

has led to some suggestions that it contributes to the inner 

membrane-like structure between the core and the envelope. 

This would be consistent with both the location of phospho-

proteins in other retroviruses and its apparent absence from 

viral core preparations. A third major component of core 

preparations is the highly basic protein, pl4, which has the 

capacity to bind to single-stranded DNA (7) and confers this 

ability on the polyprotein precursor from which it is 

processed (56) . This protein may be instrumental in the 

packaging of viral RNA into the core structure. The most 

hydrophobic of the gag gene products is plO (51) , this 

protein comprises up to 10% of the total virion protein, but 

is only poorly represented in core preparations (89) . Its 

absence from cores and two additional pieces of indirect 

evidence suggest that it may be closely associated with the 

internal side of the viral envelope (19) . First, MMTV-

infected cells, made semipermeable with EDTA, were found to 

undergo lysis when exposed to anti-plO serum and comple

ment (56). Secondly, both plO and the putative transmembrane 



glycoprotein, gp36, can be labeled with radioactive palmitic 

acid, a fatty acid commonly attached to membrane proteins. 

These properties and the location of plO at the amino 

terminus of the major gag precursor have led to the sug

gestion that plO may function in interactions between the 

internal gag protein precursor and the plasma membrane, thus 

facilitating core assembly and subsequent budding (19, 26). 

The pol gene of MMTV encodes an RNA-dependent DNA polymerase 

which is responsible for the reverse transcription of viral 

RNA into DNA. The presence of this enzyme is more rapidly 

demonstrated by its activity than by detection by poly-

acrylamide gels. The activity of the MMTV enzyme is de

pendent on the presence of a divalent cation, a sulfhydryl 

reagent, deoxynucleotide triphosphates, and a template. The 

MMTV reverse transcriptase displays a clear divalent cation 

preference for magnesium over manganese (23, 28, 43, 51) . 

This enzyme is a nucleocapsid-associated protein with a 

molecular weight of approximately 100,000 daltons. RNA-

dependent DNA-polymerase activity co-purifies with RNA: DNA 

hybridase (RNase H) activity. Both synthetic polymerase and 

nucleolytic hydrase activities are apparently separate en

zymatic actvities of a single protein (29). In common with 

other retroviruses, MMTV buds from the surface membrane of 

the host cell without causing lysis and, in so doing, 

acquires a unit membrane envelope. As with other types of 



enveloped viruses, the segment of membrane surrounding the 

particle also contains two virally coded glycoproteins. 

These MMTV glycoproteins, gp52 and gp36, together consti

tute approximately 40% of the total virion proteins (24, 65, 

76, 88, 95) . At least portions of both gp52 and gp36 are 

exposed on the outer surface of virus particles. These viral 

glycoproteins comprise the projections or spikes detected in 

thin-section electron microscopy of mature virions (87) . 

When the spikes are digested from the surface of virions 

using protease, the resultant "bald" particles are defi

cient in gp52 and gp36, while retaining the normal comple

ment of internal structural proteins (18) . Labelling of 

carbohydrate side chains by galactose oxidation and re

duction in the presence of [^H]-borohydride has indicated 

that at least portions of both proteins must be exposed on 

the virion surface (81). The tentative conclusion from these 

various observations is that gp3 6 acts as a transmembrane 

protein, anchoring the viral glycoprotein complex into the 

lipid bilayer. Secondly, data argues that gp52 is completely 

external but tightly associated with gp36. These two glyco

proteins associate to form larger, oligomeric structures 

representing the spikes observed by electron microscopy. 
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Synthesis and Maturation ot. Mouse 

MaiTiniary Tumor Virus Proteins 

Several radioimmunoassays for MMTV gp52 have been 

developed (17, 65, 70, 82, 94, 99) and used as one of the 

principal indicators of polymorphism among different strains 

of MMTV (6, 16, 52, 89, 90). One of the major uses of mono

specific antisera to gp52 has been the detailed dissection 

of the intracellular events involved in the synthesis and 

maturation of the MMTV glycoproteins. Immunoprecipitation of 

labelled cell extracts has identified a 73,000 dalton poly

protein as the major env-related product, and this putative 

precursor, Pr73®"^, contains both gp52 and gp36 (2, 25, 62, 

68, 80) . The order of the proteins in the precursor was 

established by pactamycin mapping as NH-gp52-gp36-COOH. 

Labelling experiments with radioactive sugars indicate that 

Pr73®"^ is glycosylated and that the predominant sugars 

present are mannose and glucosamine (2, 3) . A separate 

precursor for non-glycosylated proteins has also been 

isolated. As judged from tryptic peptide mapping, this pre

cursor of 75,000 daltons (Pr75'̂ ^̂ ) contains p27 and pl4 as 

well as an additional peptide of 34,000 daltons, which is 

sufficient to account for other nonglycosylated gag pro

teins (80) . The peptide order for Pr75'̂ ^̂  is NH-plO-pp21-

p27-pl4-COOH. This order has been determined by the immuno

precipitation of intermediate precursor cleavage products by 

monospecific anti-MMTV protein serum (56) . 



The Murine Virus and 
Mammary Tumorigenesis 

Mammary tumors in mice can be induced by the milk-

transmitted virus, MMTV-S. This murine system has provided a 

good model for mammary tumor induction in susceptible mice 

after a latency period of about 1 year. Many aspects of 

virus-induced mammary tumorigenesis have been studied such 

as virulence of different MMTV variants, time of onset of 

mammary tumors and strain-associated mammary tumor incidence 

(42) . 

The mammary gland is the main target of MMTV and most of 

the mammary gland cells do become infected with MMTV; 

however, only one or a few clonal mammary tumors appear in 

the MMTV-infected animal. Mammary glands contain alveolar, 

ductal, and myoepithelial cells in a branching system of 

ducts that terminate in clusters of alveoli, which secrete 

milk during lactation. Myoepithelial cells, which contract 

during suckling, form a layer around the ducts and alveoli. 

In one mouse strain, C3H, only alveolar cells become 

transformed by MMTV (84); however, in the GR strain, both 

ductal and alveolar cells are transformed (93). MMTV can be 

transmitted in two ways, the first route of transmission is 

via the milk from mother to offspring. The MMTV transmitted 

in this way is called exogeneous MMTV. The second method of 

transmission may be considered genetic and involves DNA pro-

virus transmission through the germ line. These proviruses. 
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termed endogeneous MMTVs, are transmitted to the offspring 

via the gametes. Both exogenous and endogenous MMTVs are 

involved in the development of murine mammary tumors. 

Although these MMTVs are transmitted differently, they 

share some common steps in the tumorigenic process. In both 

cases, nonselective integrations of viral DNA into cellular 

DNA from either exogenous MMTV or activated endogenous MMTV 

lead to the formation of additional new DNA proviruses. 

These new proviruses in turn are associated with the 

development of mammary tumors. Early observation of mammary 

tumor development in mice implicated a variety of potential 

cofactors in tumor induction (59) . Tumor frequency and 

growth rate are often highest during pregnancy. A variety of 

hormonal stimuli, including steroid and polypeptide hor

mones, have markedly effected the tumor incidence of dif

ferent strains. Adminstration of estrogens to male mice has 

led to a high incidence of mammary tumorigenesis (9) . The 

glucocorticoids may also play a role in tumor development 

(92), In fact, receptors for glucocorticoids and sex hormone 

are present in the mammary gland (69, 81) and gluco

corticoids are known to influence the level of mouse mammary 

tumor virus expression. 
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utilization ol. M M T V Proteins 
as. Systemic Markers for Tumor 

The term tumor markers has been used to designate 

biological substances that are produced uniquely or in ex

cessive amount by malignant neoplasms. In the literature, 

and in practical use, tumor markers have been called 

antigens. This common usage originated from immunological 

methods used in the detection and characterization of tumor 

markers, as well as on the basis of the studies of 

immunological phenomena associated with such markers (4 6). 

Many of these antigens are membrane-associated tumor cell 

antigens and are released in the circulation of the host 

system either in a free soluble state or complexed form 

with immunoglobulins. This circulating tumor cell antigen 

may play a role as blocking antigen and aid in the escape 

of the tumor from host immune surveillance (1, 61) . Mouse 

mammary tumor virus (MMTV) antigens, which are expressed and 

released by mammary tumor cells in culture, have been also 

examined as potential marker proteins. These antigens re

leased into extracellular culture fluids may serve as a 

model for the most likely antigens to be released into the 

circulation as potential systemic markers for tumors. The 

mouse mammary tumor and its associated virus MMTV have been 

used as a model to study the relationship between viral 

antigens in body fluids and the onset of mammary tumors. 

This model has permitted plasma levels of viral antigen to 
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be examined as a systemic means of monitoring mammary 

disease status. 

The viral proteins of MMTV are found in mouse mammary 

tumor cell cultures, in murine mammary tumors and in certain 

mouse milks (40, 41, 60). As initial work in defining MMTV 

expression in tumors and organs of the mouse, Schochetman 

and coworkers found that in high mammary tumor incidence 

mouse strains, the MMTV envelope glycoprotein gp52 was 

predominantly expressed in mammary tumors, normal mammary 

glands and lymph nodes of female mice (80) , The concen

tration of gp52 was higher in mammary tumors than in normal 

mammary tissue of tumor-free C3H and C3Hf mice (7). Further, 

the concentration of gp52 in tumors and tumor-free organs 

has been demonstrated to vary with the mouse strain. In C3H 

and GR mice, the concentration of gp52 was twenty fold 

higher than that observed in C3Hf mice (80). 

In addition to searching for MMTV in organs of tumor-

free and tumor-bearing mice, investigators have evaluated 

murine milk and plasma for the presence of virus or viral 

antigens. In 1974, Parks and coworkers found that the 

radioimmune detection of higher gp52 levels in first pariety 

milks of different strains correlated well with future 

mammary tumor incidence of each strain tested (65). Ritzi 

and coworkers also developed a method of high yield 

purification of the two group specific antigens (gp52 and 
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p27) . This radioimmunoassay was sufficiently sensitive and 

accurate to measure gp52 in body fluids with a low level 

sensitivity of 0,1 ng/100 p.1 (70). Gp52 was detected in 

nanogram quantities in plasma of mice. A comparison of plas

ma from tumor-free and tumor-bearing mice revealed that gp52 

was elevated 10 to 100 fold in plasma of tumor-bearing ani

mals. Their subsequent studies following surgical removal of 

tumor indicated that the tumor was the principal source of 

viral antigen in plasma and that elevation of gp52 plasma 

levels could be used as a diagnostic indicator of tumor 

regrowths, In addition, the maintenance of low gp52 plasma 

levels was indicative of surgical cures (72). Extension of 

these studies to solid tumor and surgical adjuvant chemo

therapy experiments in CD8F1 mice revealed that gp52 levels 

of plasma provided an alternative measure of chemother

apeutic effect for single and combination chemotherpeutic 

treatments (74, 75). 

In Vitro Evaluation nf Experimental 
Chemotherapeutic Regimens 

Cancer chemotherapy has been based on the implied 

assumption that a tumor cell grows faster than its normal 

counterpart. Cancer chemotherapy also has been instrumental 

in increasing the survival time for many patients with a 

variety of neoplasms. There are many experimental paths to 

improve the effectiveness of presently available anti-tumor 
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agents. One possible approach is to manipulate metabolic 

interactions to differentially enhance anti-tumor activity. 

Theoretically, this can be obtained by the inclusion of one 

compound which modulates the therapeutic efficacy of a 

second compound. This approach is exemplified by the 1980 

finding of Martin and coworkers (85) which demonstrated that 

N-phosphonacetyl-L-aspartic acid (PALA) stimulated the in

corporation of 5-f luorouracil into tumor cell RNA with a 

resulting increase in anti-tumor effect. 

Most major progress in medicine, including advances in 

cancer treatment, has involved animal research, and it is 

therefore reasonable to expect that future progress in 

treatment of disease will also depend upon animal experi

mentation. However, the following two factors have weakened 

the argument for the use of murine tumor models in drug 

screening for tumor treatments: 1) the cost of buying and 

maintaining laboratory animals is comparatively greater than 

the cost of studies performed with tumor cells in vitro and 

2) a perception exists that these animal models have failed 

to fully demonstrate a satisfactory correlation of chemo-

sensitivity with analogous human tumor types. Correlation 

studies have revealed that murine tumors are generally 

sensitive to many more agents than are effective in the 

clinic. Currently, individual cancer investigators and 

institutions are increasingly employing in vitro models. One 
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reason is that there have been major advances in the de

velopment of human cancer cell lines in culture, and in the 

assessment of oncogene expression in these lines. In 1977, 

the human tumor clonogenic assay was established by 

Hamburger and Salmon (37) . They described the selective 

cloning of human tumors in primary culture for drug 

sensitivity in vitro testing. The use of this assay makes it 

possible to evaluate the anti-tumor effects of various drugs 

in vit ro and to screen for new anti-cancer agents. 

Cancer-associated genetic instability causes biochemical 

cellular heterogeneity. This heterogeneity leads to a vari

able chemotherapeutic correlation (39, 79) . Heterogeneity 

indeed makes the cancer problem harder to solve, but cure 

may nevertheless be attained by employing combination che

motherapy. Some leukemias, lymphomas, sarcomas and some of 

the relatively uncommon carcinomas are cured by combination 

chemotherapy (21, 100) . Tumor cell heterogeneity was the 

important original concept stimulating the promulgation of 

combination chemotherapy of cancer as opposed to single 

agent treatment (53, 54). The curative process still relies 

upon combination chemotherapy (21). While considerable ef

forts have been directed toward the analysis of viral and 

non-viral antigens associated with mammary tumor cells of 

murine and human origin, these studies have emphasized 

cell-associated antigens; however, the class of cellular 
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antigens that are released by mammary tumor cells will have 

even greater potential utility as systemic markers for 

mammary neoplasia. To provide the best opportunity to 

monitor individual disease status and to assess therapeutic 

effect, it is imperative that this class of extracellular 

released antigens be studied. The mammary tumor-associated 

viral glycoprotein (gp52) is an extracellular antigen and 

offers the hope that diease status might be monitored during 

treatment and that the management of breast cancer might be 

significantly improved. 

For these reasons, this study has combined two basic 

goals. First, this study has addressed the need for a 

reliable in vitro screening test for breast cancer treat

ments. This goal is approached in the context of a second 

broader goal; the desire to further understand MMTV protein 

expression and thereby provide insight into the relation

ship which exists between mammary tumor and this poten

tially useful viral marker protein. With these goals in 

mind, a mammary tumor cell culture model has been developed 

and a sensitive radioimmune assay for gp52 has been utilized 

to monitor changes in viral antigen expression. This study 

has utilized the model to determine whether changes in gp52 

release would provide a sensitve, rapid and reliable in 

vitro measure of therapeutic effect during anti-tumor 

treatments. This study examines the utility of diminished 
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gp52 levels to provide a measure of therapeutic effect for 

single and combined drug treatments. In addition, viral 

antigen levels have been used to evaluate the synergistic or 

antagonistic nature of drugs in combination and to examine 

whether therapeutic effects are enhanced by metabolic modu

lation. These studies demonstrate that diminished gp52 

levels provide a sensitive measure of in vitro chemothera

peutic effect that may be useful in experimental attempts to 

maximize presently effective treatment or evaluate new 

therapeutic protocols. 



CHAPTER II 

MATERIALS and METHODS 

Cells ^M Cell Culture 

The Mm5mt/cl cell line, originally established by Owens 

and Hackett (64) from a murine mammary adenocarcinoma of a 

C3H strain mouse was obtained from Dr. Donald Fine, 

Frederick Cancer Research Center, frederick, Maryland (32). 

Cells were periodically monitored for the presence of myco

plasma and found to be negative. Cells, sera, and trypsin 

were tested for the presence of mycoplasma by Flow 

Laboratories, McClean, Virginia and cells were routinely 

tested on site by Hoechst staining for mycoplasma(Flow 

Labs.). Cells were maintained in 75 cm^ T flasks obtained 

from Falcon Plastics (Falcon Plastics, Oxnard, California) 

in 10-20 ml of Dulbecco's Modified Eagle's minimal essential 

medium-high glucose (DMEM-HG) (Grand Island Biological 

Corporation, Grand Island, New York) containing 10% (v per 

v) heat-inactivated fetal calf serum (MA. Bioproducts), 

insulin (250 lU per liter) (Sigma Chemical Company St. 

Louis, Misssouri) , tylocine (60 pig per ml), penicillin (100 

unit per ml) and streptomycin (100 \ig per ml) (Grand Island 

Biological Company). This murine mammary tumor cell line was 

maintained at 36°C in a 5.0 percent carbon dioxide (CO) 

atmosphere and subcultured at 3 day intervals by trypsin 

18 
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(0.2 %) (w per v)-ethylene diamine tetraacetic acid solution 

(5 mM EDTA) treatment. Confluent cell cultures were sub-

cultured at a 1:10 dilution of cells. 

Chemotherapeutic Compounds Utilized 
in Treatment Protocols 

The following compounds with the greatest clinical 

utility were obtained for in vitro study: 5-fluorouracil, 

methotrexate, doxorubicin, cyclophosphamide, cis-platinum 

and the anti-estrogen tamoxifen were obtained from Sigma 

Chemical Company. N(phosphonacetyl- L-aspartic acid) (PALA) 

was acquired as an experimental chemotherapeutic drug from 

the Division of Cancer Treatment, National Cancer Institute, 

Bethesda, Maryland. 

Preparation Q£ Test Compounds 

The compounds 5-fluorouracil, cis-platinum, cyclophos

phamide, doxorubicin, and PALA were dissolved in DMEM-HG 

without serum. The compounds methotrexate and tamoxifen were 

dissolved in 2% (w per v) NaHCO and propylene glycol con

taining 2.5% (v per v) ethanol, respectively. After dis

solution, all solutions of chemotherapeutic compounds were 

sterilized by filtration (0.2 îm filter) and diluted to 

different concentrations for dose response testing. Con

centrations of drugs in combination were compared by testing 

dilutions of a combined stock as well as on the basis of 
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experimental dose 50, 50% inhibitory dose of each single 

agent (ED^Q) . 

Measurement SLL Changes in Ceii 
(jypwth during Treatment 

Cell growth experiments were performed on the MMTV C3H 

cell line, using 96 well tissue culture plates (Costar 

products, Cambridge, Massachusetts). For measurements of the 

effect of drugs on cell growth (cell density), 0.2 ml of 

cell suspension (2 x 10^ cells/ml) was placed in each well. 

After 24 hrs, the medium was removed from each well and a 

0.2 ml volume of test compound, dissolved in medium and 

sterilized by filtration, was added to each of 6 test wells 

for each concentration tested. Each concentration of test 

compound was dispensed in a dose-response curve fashion and 

treated cells were maintained in a humidified atmosphere. 

Thereafter, cells were washed and stained with methylene 

blue at 24, 48, and 72 hours after drug addition. Stained 

cells were then read at 664 nm in an ELISA Photometer 

(Dynatech Minireader II) on days 1, 2 and 3 following the 

addition of test compound to measure changes in cell 

density. Untreated control cultures received medium without 

drug. At the same time intervals (coincident with cell 

staining) media (approximately 1.0 ml) were collected for 

the radioimmune quantitation of extracellular gp52. 
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Increasing OD at 664 nm provided a measure of increasing 

cell density while stationary or decreasing OD readings 

provided an indication of inhibited cell growth (declining 

cell density). 

Staining ol. Adherent Cells 
for Q&ll Density Measurement 

Adherent cells were fixed with 0.1 ml of 10% formalin in 

phosphate buffer solution (0.1 M, pH 7.5) . The cell mono

layers were washed using borate buffer (0.1 M, pH 8.4) and 

stained for 30 minutes with 0.5% (w per v) methylene blue. 

The cells were washed 4 times with borate buffer (0.1 M, pH 

8.5) and then allowed to dry at room temperature. Each well 

was filled with 200 \il of 0.1 N HCl. This treatment elutes 

the methylene blue dye from the stained adherent cells and 

the resulting solution is measured for OD at 664 nm in an 

ELISA photometer. 

Moniterina Gp5^ Levels 
during Treatment 

The same 96 well cultures used to measure changes in 

cell growth during anti-tumor treatment were simultaneously 

used to monitor changes in the expression and release of 

MMTV gp52. At each time point in the treatment protocol (0, 

24 hours, 48 hours, and 72 hours), the extracellular culture 

fluid for each drug concentration or test condition was 

removed from 6 cultures, pooled, and quick frozen at -70°C 
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for gp52 radioimmunoassay. Extracellular culture medium was 

harvested in a similar fashion from untreated control 

cultures. In addition, medium which was not exposed to cell 

cultures was quick frozen as a control. All media samples 

were saved until each experiment was complete and then all 

samples were simultaneously assayed in triplicate by gp52 

radioimmunoassay, Aliquots ranging from 10 to 200 |il were 

assayed in triplicate to obtain determinations which fell 

within the linear range of the gp52 standard curve. 

Source Q£. Virus 

Concentrates of C3H MMTV, GR MMTV and RIII MMTV con

taining 10-'-°-10•'••'• particles per ml were obtained from Meloy 

Laboratories, Springfield, Virginia. In addition, C3H MMTV 

concentrates and milk of RIII mice containing lO-"-̂  MMTV 

particles per ml were supplied by Dr. Jack Gruber of the 

Office of Program Resources and Logistics, National Cancer 

Institute as part of the special Virus Cancer Program. All 

virus was assayed for reverse transcriptase activity com

paring magnesium and manganese cations. This procedure dem

onstrated MMTV B-type reverse transcriptase activity and a 

lack of C-type reverse transcriptase activity. This finding 

demonstrated that virus concentrates were free of C-type 

retrovirus particles. The purity of MMTV concentrates was 
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also demonstrated by gel analysis which produced the 

characteristic SDS-PAGE profile of MMTV protein. 

Purification Q£^ Virus 
and Viral Proteins 

Mouse mammary tumor virus (MMTV) was purified from the 

milk of Paris RIII mice or from tissue culture medium 

concentrates (20,000x) from C3H mammary tumor cells 

employing the procedure of Ritzi ot. ̂ . (70) . Following the 

purification of MMTV, viral proteins (gp52 and p27) were 

purified from solubilized virions using the previously de

scribed methodologies of ether extraction, Concanavalin A 

affinity chromatography, sodium dodecyl sulfate polyacryl-

amide gel electrophoreis (SDS-PAGE) and Ouchterlony analysis 

with monospecific rabbit antiserum (70). 

Preparation Q£ Antiserum 

Young New Zealand white rabbits (7-9 lbs) were immunized 

with purified gp52 or purified p27. Each rabbit received 

four intradermal injections. Purified protein (10 to 20 \iq) 

in an emulsion of complete Freund's Adjuvant (Difco Labora

tories, Detroit) was administered to each animal. Emulsions 

were prepared by mixing 200 to 500 îl of protein sample with 

an equal volume of complete Freund's adjuvant and mixing for 

three intervals of three minutes each with a Spex mixer mill 
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(Spex Industries Inc., Metuchen, N.J.). Rabbits received 

subsequent injections at 2 to 3 week intervals and bleedings 

were performed 10 days after booster immunizations. Two 

antisera of differing specificity were obtained. Each anti

serum was demonstrated to be monospecific and did not cross 

react with other MMTV proteins. 

Immunodiffusion 

Double diffusion (Ouchterlony) tests were performed in 

two percent Noble agar slides (Immunoplate Pattern C, Cooper 

Biomedical) . Slides were incubated in a humidified chamber 

at 37°C for 24 hours to achieve optional precipitation. 

Monospecific viral protein-directed antisera were employed 

to assess the purity and composition of viral protein-

containing fractions during purification procedures and 

highly purified viral proteins were utilized to titer and 

test the specificity of rabbit antisera. 

Determination of Protein Concentration 

The concentration of purified viral protein fractions 

was determined by a modified microassay similar to that 

described by Lowry ot. al- (4 9) employing crystallized bovine 

albumin (Pentex) as a standard. 
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lodination ol Purified ot, MMTV gp52 

Purified gp52 was radiolabeled with •'•̂ Î for subsequent 

use in a blocking radioimmunoassay. To prepare gp52 for 

^^^I-labeling, a volume of sample containing 25-100 |ig of 

purified viral protein was dialyzed for two hours aginst 500 

ml of 0.1 M borate buffer, pH 8.5 at 4°C with two changes of 

buffer. The sample was then concentrated with Aquacide II 

(Calbiochem, San Diego, California) to a final concentration 

of 1 mg per ml. lodination was performed according to the 

procedure of Bolton and Hunter (12) and the reaction mix

ture was loaded onto a Sephadex G-lOO column (24.0 cm x 0.9) 

(Pharmacia, Uppsala, Sweden) equilibrated with gelatin-

phosphate buffer, 0.05 M phosphate, 0.25 percent (w per v) 

gelatin, pH 7.5. The ^^^I-labeled gp52 was eluted as a 

single peak of protein within the fractionation range of the 

column. This peak was further assayed for trichloroacetic 

acid (TCA) precipitability, immuneprecipitability, and puri

ty by SDS-PAGE. The iodinated product was greater than 90% 

TCA precipitable and immuneprecipitable. Alternatively, 

purified gp52 was iodinated by the chloramine T procedure of 

Hunter and Greenwood (44). Chloramine T lodination of gp52 

resulted in a product that was 75 to 95 percent TCA and 

immuneprecipitable. 



26 
Radioimmunoassay Procedure 
tQJL MMTV Gp52 

A blocking radioimmunoassay was performed using delayed 

addition of the labeled antigen to increase the level of 

sensitivity. The procedure employed has been previously 

described by Ritzi, ^t, al.. (70) , An aliquot of sample 

containing antigen was first added to the assay buffer (0.1 

M potassium phosphate buffer, pH 7.5) containing 0.1% (w per 

v) bovine serum albumin, 0,001 M EDTA, and 50 Kallikrein 

Inhibitor Units (KIU)/ml of Trasylol Aprotinin (Mobay 

Chemical Corporation), A unit of Inhibitor (KIU) is a 

quantity that under defined conditions is capable of half 

inhibiting two units of Kallikrein protease activity. To 

this sample, 20 }Xl of a 1 to 300 dilution of rabbit anti-

gp52 (an amount sufficient to precipitate approximately 50-

60% of the iodinated gp52) was added and incubated for 45 

minutes at 37°C. Following this incubation, •'•̂ Î-labeled gp52 

(approximately 1.1 x 10^ cpm) was added to each tube. The 

samples were then further incubated for two hours at 37°C. 

After this incubation, the bound radioactivity was separated 

from the free by the addition of 75 |i.g of normal rabbit IgG 

and a sufficient amount of goat anti-rabbit IgG to obtain 

optimal precipitation with minimal non-specific trapping of 

label. 

This mixture was held at 4°C for 18 hours to yield op

timal precipitation of the rabbit IgG. The precipitate was 
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separated from the supernatant by centrifugation in an lEC 

CRU-5000 centrifuge at 1100 x g for 35 minutes at 4°C. The 

pellets were washed twice with 0,5 ml of cold RIA buffer. 

The radioactivity in both the supernatants and the pre

cipitates were measured for each sample in a Beckman 5000 

gamma counter. 

Each assay included a set of purified MMTV gp52 stand

ards in triplicate. The gp52 standard curve generated was 

used in quantitating gp52 released from the mouse mammary 

tumor cells. Three points were chosen in the linear portion 

of the displacement curve and the percent of precipitable 

2̂5j_]_a]3e]_e(̂  gp52 was compared to the standard curve (in 

nanograms) to quantitate gp52. After accounting for dif

ferences in volumes of sample added, the mean and standard 

error of the mean were calculated for each set of triplicate 

determinations. 



CHAPTER III 

RESULTS 

Peveiopment ol a viral Protein-.qpecifir 
Radioimmunoas.^^y 

The development of a protein-specific radioimmunoassay 

(RIA) capable of quantitating the 52,000 dalton envelope 

glycoprotein of MMTV (gp52) depends upon both a sufficiently 

pure supply of MMTV gp52 and the ability to utilize this 

pure protein in a sensitive radioimmune protocol. The 

following basic steps and the detailed procedures of Ritzi 

QL ai- (70) have been utilized to develop the gp52 RIA: (1) 

virus is solubilized in detergent and high salt, (2) 

solubilized viral proteins are fractionated by affinity 

chromatography on Concanavalin A (Con A) affinity columns, 

(3) fractions are further subjected to DEAE ion exchange 

chromatography, (4) purified gp52 fractions are iodinated, 

and (5) purified iodinated gp52 and monospecific gp52-

directed antisera are utilized to develope a sensitive 

blocking radioimmunoassay. 

Virus was either purified from RIII mouse milk or tissue 

culture concentrates of C3H MMTV by a combination of 

velocity centrifugation and equilibrium centrifugation in 

sucrose gradients. Equilibrium banded virus from sucrose 

gradients was diluted, pelleted and solubilized in 2.0 

percent Triton X-100 and 0.6 M KCl. The solubilized viral 

28 
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proteins were dialyzed into a low salt buffer which was 

used for equilibrating Con A Sepharose columns. These 

dialyzed viral proteins were then applied to a Con A 

Sepharose affinity column and subsequently eluted in a 

stepwise fashion with salt and ot-methyl-D-mannoside 

solutions. Since Con A potentially binds MMTVs glycosylated 

proteins and does not bind those which are nonglycosylated. 

Con A has the desired affinity to bind the major group-

specific antigen, gp52, and separate it from the major 

nonglycosylated group-specific antigen, p27. The following 

fractions were obtained from the Con A affinity column and 

subjected to Ouchterlony analysis with monospecific anti-p27 

rabbit serum: 1) Column load plus 0.1 M KCl wash (the 

flow-through fraction containing Con A unbound protein), 2) 

A 0.4 M NaCl wash, 3) A 100 mg/ml oi-methyl-D-mannoside 

solution for elution of Con A bound proteins, 4) A 200 mg/ml 

ot-methyl-D-mannoside solution for greater elution of Con A 

bound proteins, and 5) A 200 mg/ml oC-methyl-D-mannoside 

solution in high salt (1 M NaCl). Anti-p27 serum was placed 

in the center well (6) and Aquacide II concentrated column 

fractions (1-5) were placed in exterior wells in a 

consecutive clockwise fashion for immunodiffusion analysis. 

The results of this Ouchterlony analysis with monospecific 

anti-p27 serum are depicted in figure 1. A precipitin 

line was only detected with fraction 1, the column flow 
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Figure 1. Analysis of p27 in Concanavalin A affinity 
column fractions by immunodiffusion. Equal 
volumes of the following column fractions 
were placed in wells 1-5 in 2% Noble agar: 
(1) Column load plus 0.1 M KCl wash (Con A 
flow-through fraction); (2) 0.4 M NaCl wash; 
(3) 100 mg/ml a-methyl-D-mannoside; (4) 200 
mg/ml o(-methyl-D-mannoside and (5) 200 mg/ml 
oc-methyl-D-mammoside in 1 M NaCl. Rabbit 
anti-p27 was placed in the center well 6. 
Fractions 2-5 represent Con A bound 
proteins. Positive reactions are evidenced 
as white preciptin lines, 
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through fraction (top well) while all other eluted frac

tions failed to react with anti-p27 serum. Due to diffusion, 

a concentration of the well 1 arch is noted under well 2; 

however, this is not a positive reaction for well 2, This 

result demonstrates the presence of p27 only in fraction 1, 

a fraction composed of proteins which fail to bind to Con A. 

An immunodiffusion analysis was also conducted with mono

specific anti-gp52 serum to localize gp52 in Con A column 

fractons. The results of this analysis using anti-gp52 serum 

in the center well (6) and the same Con A fractions (1-5) in 

exterior wells is presented in figure 2. Precipitin lines 

indicative of positive immune reactivity were detected for 

fractions 2, 3, and 5; whereas reactivity was not detected 

with fractions 1 and 4. The strong reaction in fraction 3 

indicates that gp52 was most abundant in the first a-

methly-D-mannoside elution and lack of reaction in fraction 

1 indicates that gp52 was not detected with p27. These 

Ouchterlony results demonstrate that the two major MMTV 

group-specific antigens (p27 and gp52) were separated into 

two different fractions by utilizing their differential 

affinity for Con A. Clearly, p27 did not bind to Con A; 

whereas gp52 bound and was eluted. 

To further purify gp52 and p27, removing other minor MMTV 

proteins, fractions obtained from the Con A column were 

individually ether extracted and subjected to DEAE cellulose 
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Figure 2. Analysis of gp52 in Concanavalin A Affinity 
column fractions by immunodiffusion. Equal 
volumes of the following column fractions 
were placed in wells 1-5 in 2% Noble agar; 
(1) Column load plus 0.1 M KCl wash (Con A 
flow-through fraction); (2) 0.4 M NaCl wash; 
(3) 100 mg/ml ot-methyl-D-mannoside; (4) 200 
mg/ml ot-metyl-D-mannoside and (5) 200 mg/ml 
oC-methyl-D-mannoside in 1 M NaCl. Rabbit 
anti-gp52 was placed in the center well 6, 
Fractions 2-5 represent Con A bound 
proteins. Positive reactions are evidenced 
as white precipitin lines. 
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ion-exchange chromatography on separate DE-52 columns. 

Fractions were eluted stepwise with solutions of increasing 

salt concentration. The low salt DEAE elution fraction (0.15 

M NaCl in 0,02 M tris-buffer) was retained, concentrated 

with Aquacide II, subjected to SDS-PAGE analysis and sub

jected to immunodiffusion analysis. The analysis of viral 

protein composition for different DEAE purified Con A column 

fractions is presented under denaturing conditions in figure 

3. The Coomassie brilliant blue stained slab gel which 

depicts increasing concentration of flow-through fraction in 

lanes 3 and 4 and increasing concentrations of the mannoside 

elution fraction in lanes 5, 6 and 7 demonstrates the 

presence of p27 in lanes 3 and 4; whereas, gp52 is noted in 

lanes 5, 6 and 7. This result demonstrates that these two 

major viral group-specific antigens have been separated into 

two different fractions and the single band obtained with 

increasing protein concentrations demonstrates that MMTV 

gp52 was free of other detectable proteins and was therefore 

suitable for RIA development. An immunodiffusion analysis 

was also conducted after DEAE purification to assure that 

immune reactivity of MMTV gp52 was retained.This Ouch

terlony analysis of the DEAE purified mannoside elution 

fraction is presented in figure 4. The results depict that 

all concentrations tested (wells 1-5) produced precipitin 

lines with anti-gp52 serum (well 6). The presence of these 
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Figure 3. SDS-PAGE analysis of two Con A column fract
ions following DEAE column chromatography. 
Increasing concentrations of the Con A flow-
through fraction are analyzed in lanes 3 and 
4: whereas increasing concentrations of the 
100 mg/ml mannoside elution (Con A bound 
protein) is analyzed in lanes 5, 6, and 7. 
While lane 2 represents a series of markers 
not utilized for molecular weight analysis, 
lane 1 depicts the following markers: 1) 
phosphorylase b (92,5 K), bovine serum 
albumin (66.2 K) , ovalbumin (45 K), carbonic 
anhydrase (29 K), trypsin inhibitor (21 K) 
and cytochrome C (12.4 K) . Proteins are 
detected by Coomassie brilliant blue stain. 
An 11 percent polyacrylamide slab was used 
for analysis. 
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Figure 4, Immunodiffusion analysis of a gp52-
containing column fraction following DEAE 
column chromatography. The low salt (0.15 M 
NaCl) fraction from a DEAE-52 column used to 
purify gp52 eluted from a Con A affinity 
column (100 mg/ml o^-methyl-D-mannoside 
fraction) was concentrated and the following 
amounts of protein were respectively placed 
in wells 1-5 : (1) 3.5 M.g, (2) 2.9 |J.g , (3) 
2.3 |Xg, (4) 1.2 M-g and (5) 0.58 |ig. Rabbit 
anti-gp52 was placed in the center well 6. 
Positive reactions are evidenced as white 
precipitin lines. 
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precipitin lines demonstrated that gp52 immune reactivity 

was retained following DEAE purification and that purified 

gp52 could be utilized for RIA development. 

The final step in the development of a sensitive 

gp52-specific RIA entailed the lodination of purified gp52 

and subsequent use of the iodinated gp52 in a blocking RIA, 

Purified gp52 (10 .̂g) was iodinated by the chloramine T 

procedure (44) and the reaction products were chromato-

graphed on a Sephadex G-lOO column to separate •'•̂ Î-labeled 

gp52 from low molecular weight reaction products such as 

free •'•̂ Î-iodine. The results of Sephadex G-lOO chromato

graphy are presented as a representative column elution 

profile in figure 5, The leading peak of •'•̂ Î label was 

immune-precipitable with rabbit anti-gp52 serum while the 

broader low molecular weight trailing peak was not immune

precipitable and contained most of the free -"-̂ Î label. 

SDS-PAGE analysis of the iodinated protein in peak fractions 

12 and 13 revealed a single sharp peak at 52,000 daltons 

demonstrating that lodination had not seriously altered the 

molecular form of gp52. Iodinated gp52 from the two peak 

fractions of the leading peak of each lodination were used 

for developing the double-antibody, blocking RIA. This assay 

was performed by blocking the reaction between gp52-directed 

immune serum and -'•̂ Î-labeled gp52 with triplicates of 

purifed gp52 standards and triplicates of samples containing 



41 



Figure 5, Gel filtration of the iodinated gp52, The 
reaction mixture obtained following iodinat- -
ion with chloramine T was subjected to 
Sephadex G-lOO column chromatography. The 
column elution profile (cpm x 10"̂ ) depicts 
the separation of ^^^I-labeled gp52 
(fractions 12 and 13) from low molecular 
weight reaction products (fractions 23-30) . 
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various amounts of gp52, The results of blocking this re

action with increasing amounts of purified MMTV gp52 are 

presented in figure 6 as a standard blocking curve. With the 

addition of increasing amounts of purified gp52, a pro

gressive decrease in cpm precipitated is noted. The stand

ard curve generated reveals a low level sensitivity of 0.5-

1.0 ng and a maximal blocking which reaches the level of 

non-specific binding (2-4 percent), which is obtained with 

normal rabbit serum. The development of this assay with 

nanogram sensitivity provided the capability in following 

studies to monitor gp52 expression during experimental 

treatment protocols. 

Development ^ an In Vitro Mammary Tumor 
Cell Model for Chemotherapeutic Testing 

As a first step in determining whether changes in viral 

antigen expression could be utilized as an alternative 

measure of anti-tumor effect, an in vitro cell culture test 

system utilizing Mm5mT/cl C3H mammary tumor cells was 

developed. This cell line provided not only a mammary tumor 

target cell for assessing changes in cell growth with 

treatment but also a cell line which reliably expressed and 

released the exterior envelope glycoprotein of MMTV, gp52. 

To develop a suitable test system, these mammary tumor cells 

were grown as replicate cultures in 96 well tissue culture 

plates. These multiwell plates provided both replicates for 



44 



(0 

g 

'Zi. Ti^ 
(D rH 

CM ^ 
i n <T3 ^ 

g 0) O 

JJ o 

> T3 O 
M <y -̂  
3 >1 tH 

6 O r-i 

73 ^ ^ 
U g 
(d <U C 
£5 > i cT> 
(d fO - H 
4J OT 4J 
CO W G 

(d (d 

0 
4-) 

I 

c. 
o -H 
4-> 
P 

rH 
-H 
T3 

rH 
Cd 
C 

-H 
MH 

O 
O 
O 
VD 

• • 

rH 
•"-̂  

g P 
M 
CD 
OT 

CM 
lO 
P. 
Cn 
1 

•H 

+-> G 
(d 

4-J 
•H 
XJ 
X 
(d 
M 

CM 
i n 

OT 
4-> 
c p 

a 0 cn g 
M 

/ I 

r-t 

rH 
(d 
4-) 
0 
4J 

(D 
JG 

(0 

tJ) 

c -H 
OT 
Cd 
<D 
u 
u 
c -H 

4J X! 

MH 
o 

4-> 
•H 
5 

• 
C 
(D 
cn -H 
4-) 
C 
(d 

C "d CM 

o •H 
4-J 
(0 

(D 
>J 
U 
O 

lO 

a 
cn 

4-> -H 73 
-H XI 
a -H 
O 
<D 
U 

OT 

<D 
r'i 
Q) 

fd X 
5 

a c 
4-) 
c <D 

o 
u Q) 
Qi 

CD 
VO 

<D 
> 

O 
-H 
4-> 
U 
(d 
(D 
M 

OT 
•H 

x; 

fd 
r-i 

c 
p 

OT 
p 
o 
cn 
O 
rH 

o 
g 0 

EH X! 

. (D 
<D 73 x: 

•H 
.G 

<D 
73 

.p 

o -d MH 
(d Cd 0 

VO 

0) 
M 
P 

•H 



45 

8 8 
QELVlkllOaUd W60 JM3DH3d 



46 

multiple determinations and a suitable number of test 

cultures for testing the effects varied drug dosage and 

increasing time intervals of treatment. This test system 

also provided the simultaneous capability to monitor changes 

in cell density and release of MMTV gp52. To simultaneously 

monitor both parameters, cells were seeded (4 x 10-̂  cells 

per well) into 200 p,l of growth medium at 24 hours prior to 

the start of experiments. At zero time medium was removed 

from all cultures and replaced with fresh medium for further 

extracellular viral antigen collections. Cultures were then 

allowed to grow for 24, 48 or 72 hours prior to processing 

samples. At each time interval (0, 24, 48, and 72 hours) 

medium was removed for extracellular viral antigen assay by 

RIA and the remaining cells were washed, stained with 

methylene blue, and OD 664 nm was determined simultaneous on 

an ELISA photometer as a measure of cell density. A re

presentative control experiment in which cultures were not 

treated with drug is presented as a paired histogram of cell 

density and extracellular gp52 determinations in figure 7. 

The results depicted reveal that OD (cell density) increased 

with time during this 72 hour interval. Concordantly, 

extracellular gp52 levels rose in a parallel fashion during 

this time interval. These results in control cultures 

demonstrate the ability to simultaneously quantitate changes 

in cell density and gp52 level for small 96 well cultures 
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expressing and releasing only nanogram quantities of MMTV 

gp52 into 200 |il of culture medium. This quantitative ca

pability permitted a further simultaneous examination of 

anti-tumor drug effects on both cell growth and viral gp52 

release from tumor cells. 

The Effect of Doxorubicin Treatment 

As a first step in establishing the capability of this 

in vitro system as a testing grounds for therapeutic 

efficacy, doxorubicin, a drug known to be effective against 

human mammary cancer, was selected for testing. Doxorubicin, 

commonly called adriamycin, was tested over a range of 

concentrations from 1 ng/ml to 1 mg/ml. At zero time control 

cultures received medium without drug; whereas six replicate 

test cultures were used for each concentration of drug 

tested and each consecutive time of harvest. After con

tinuous periods of treatment (24, 48, and 72 hours) medium 

was harvested and analyzed for gp52 level and cells were 

stained and measured for cell density. The anti-tumor cell 

effect of doxorubicin on cell density is presented as a 

series of dose-response curves in figure 8. Each responsive 

curve represents a different time interval of continuous 

treatment and histograms on the left depict cell densities 

of controls. The staining of controls demonstrates that cell 

density increased with time of culture. The results in 
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figure 8 also reveal that with increasing drug concen

trations progressive decreases in cell density were noted. 

These decreases provided evidence of a dose-dependent drug-

mediated effect on cell growth at each of the times tested. 

The results presented in figure 8 also permit a deter

mination of the exact concentration of drug required to re

duce cell density by a specified percentage. To compare 

these doxorubicin-induced effects on cell growth with simul

taneously derived data on gp52 expression and release into 

culture medium, the results of gp52 radioimmunoassay are 

presented in figure 9 as similar dose-response curves of 

viral antigen accumulation in culture. Results for both 

controls (histograms on the left) and treated cultures 

(right) demonstrate the detection of nanogram quantities of 

gp52 which increased with time of culture. Results depicted 

in figure 9 also demonstrate a very striking effect of 

doxorubicin on extracellular gp52 levels. At each time of 

media collection, gp52 levels decline in a dose-dependent 

fashion with increasing concentrations of doxorubicin. These 

declines become more pronounced and clear cut with in

creasing time of treatment. The ability of a specified drug 

concentration to reduce gp52 levels provides a measure of 

drug effect on viral antigen expression and release. 

Comparing data in figure 8 with data in figure 9 suggests 

that a strong parallel exists between reduced cell density 
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and reduced gp52 level as alternative in vitro measures of 

doxorubicin effect, A measure of drug potency can be 

determined for each parameter by determining the concen

tration of drug required to reduce that parameter by 50%. 

The concentration which effectively reduces either cell 

density or gp52 level by 50% will therefore be referred to 

as the EDso . If the ED50 for growth at 48 hours (0.68 |iM 

doxorubicin) is comapared with the ED50 for gp52 expression 

(1.1 |XM doxorubicin), a very similar drug potency is 

revealed by these two different measures of drug effect. 

These initial results with doxorubicin argued that an in 

vitro change in viral antigen level could be a useful 

indicator of therapeutic effect. 

Decreasing Gp52 Levels: ^ Comparative 
Measure nf. Therapeutic Effect for Single 
Agents with Varied Modes nf Action 

To determine whether changing viral antigen expression 

could be utilized as a general measure of effect for dif

ferent chemotherapeutic agents with markedly different modes 

of action, the same C3H mammary tumor cells were treated or 

maintained as controls in a similar dose-dependent fashion 

for 24, 48, and 72 hours with each of a series of proven or 

experimental drugs. The following series of six drugs were 

utilized and compared for their concentration-dependent 

effects on both cell density and gp52 level: 1) cis-platinum 
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2) cyclophosphamide 3) N-(phosphonacetyl)-L-aspartic acid 

(PALA), 4) doxorubicin, 5) 5-fluorouracil (5-FUra), and 6) 

methotrexate. In each experiment with replicate cultures, 

controls were maintained and dose-response curves for 

effects on cell density (OD) and viral antigen (gp52 concen

tration) were generated. The effect of drugs 1-3 (above) on 

cell density are presented as 24, 48, and 72 hour dose-

response curves in figure 10. These results for drugs 1-3 

and the following results for drugs 4-6 (to be presented in 

figure 11) are arranged as a hierarchy of concentration-

dependent of drug potency from least effective to most 

effective. The results in figure 10 demonstrate that 

treatment with each of the three drugs led to a reduction in 

cell density; however, the concentrations required to a-

chieve this cytoreductive effect differed markedly. Since 

concentration-dependent potency can be considered to be 

inversely related to the absolute concentration required for 

an effect, these results depicted the following hierarchy of 

drug effect: PALA > cis-platinum > cyclophosphamide. Changes 

in slopes of dose-response curves with time demonstrate 

differences in the time frame required for each drug to 

exert its cytoreductive effect. Slopes increased with time 

for each drug and seventy two hour cultures displayed the 

most pronounced cytoreductive effect. This analysis of cyto

reductive effect is further illustrated for drugs 4-6 in 
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Figure 10. The effect of cyclophosphamide, cis-
platinum and PALA on mammary tumor cell 
density. C3H mammary tumor cells were 
maintained as controls or treated, as 
previously indicated (figure 8), with 
cyclophosphamide (top), cis-platinum 
(middle), or PALA (bottom). Cell density, 
measured as OD 664 nm, for controls (left) 
is compared with dose-response curves 
(right). The relative concentration-
dependent potency of these drugs is 
compared by assessing the minimum drug 
concentration required to bring about 
a 50% reduction in cell density ^EDJQ) . 
Dose response curves are arranged from top 
to bottom in order of increasing 
concentration-dependent drug potency. This 
order of increasing drug effect is 
continued in figure 11. Bars depict the 
SEM. 
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Figure 11. The effect of doxorubicin, 5-fluorouracil 
and methotrexate on mammary tumor cell 
density. Results are presented as described 
in figure 10 from top to bottom as a 
continuation of the series of increasing 
drug effects. The following treatments are 
depicted: 1) doxorubicin (top), 2) 
5-fluorouracil (center) and 3) methotrexate 
(bottom). Bars depict the SEM. 
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figure 11. The results again illustrate very striking 

in cell density from control levels for each drug and time 

interval tested. The magnitude of effect and slope of 

dose-response curves was greatest for 72 hour treatments. 

The decline in cell density depicted in figure 11 shifts to 

the left, to lower and lower effective minimal doses, as 

doxorubicin is compared with 5-FUra and as 5-Fura is com

pared with methotrexate. The following hierarchy of relative 

concentration-dependent cytoreductive drug potency is evi

dent from the results presented in figures 10 and 11: 

methotrexate > 5-FUra > doxorubicin > PALA > cis-platinum > 

cyclophosphamide. This hierarchy is derived by comparing 

(ED^QS) the minimum drug concentration required to bring 

about a 50% reduction in tumor cell density. 

This data defining cytoreductive effect can be directly 

compared with the following simultaneously-derived data 

defining drug effects on extracellular MMTV gp52 levels. The 

results of gp52 radioimmunoassay are presented for cyclo

phosphamide, cis-platinum, and PALA treated cells in figure 

12. These results demonstrate that gp52 levels in- creased 

with time in control cultures and cultures receiving low 

drug concentrations; however, each dose-response curve 

depicted a reduction in gp52 level with increasing drug 

concentration. Reductions in gp52 level with increasing drug 

concentrations were sharpest and maximal after 72 hours 
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Figure 12. The effect of cyclophosphamide. Cis-
platinum and PALA on extracellular MMTV 
gp52 levels. C3H mammary tumor cells were 
treated as described in figure 10. The 
extracellular gp52 level measured by RIA for 
controls (left) is compared with dose-
response curves (right). The relative 
concentration-dependent potency of these 
drugs is compared by assessing the minimum 
drug concentration required to bring about a 
50% reduction in MMTV gp52 level (ED̂ )̂ . 
Dose-response curves are arranged from top 
to bottom in order of increasing concen
tration-dependent drug potency. This series 
of increasing drug effects is continued in 
figure 13. Bars depict the SEM. 



90-

80-

70-

CYCLOPHOSPHAMIDE 
63 

6C-

in a. 

8 C -

7 C -

60-

50-

40-

30-

2C-

I C . 

ft 
CIS-PLATINUM 

4 8 f - ^ ^ ^ _ ^ 

24X 1 X 

J ' 

CONTROLS 
(0*72 HRS) 

10* 10 ID'- 10 
mg/ml 

INCREASING DRUG CONCENTRATION 



64 

of drug treatment. Comparison of the minimal drug concen

trations to bring about a 50% reduction in gp52 level (EDJQ 

gp52) indicated that PALA was more effective than cis-

platinum and that cis-platinum was more effective than 

cyclophosphamide. This analysis is further defined by gp52 

levels obtained during doxorubicin, 5-FUra, and methotre

xate treatment. These results are illustrated in figure 13. 

As noted for drug effects on cell density, the minimal 

concentration which is effective in reducing gp52 level 

shifts to the left in figure 13, to lower and lower 

effective concentrations as doxorubicin is compared with 

5-FUra and as 5-FUra is compared to methotrexate. The 

following hierarchy of drug potency based on concentraion-

dependent declines in extracellular viral antigen level is 

generated from the results presented in figure 12 and 13: 

methotrexate > 5-FUra > doxorubicin > PALA > cis-platinum > 

cyclophosphamide. The data presented in figures 10-13 

demonstrate that increasing concentrations of anti-tumor 

drugs, possessing different mechanisms of action, resulted 

in coordinate decreases in cell density and MMTV gp52 for 

each drug tested. A comparison of inhibited tumor cell 

growth and reduced gp52 levels at 4 8 hours and 72 hours is 

presented for each drug as comparative ED^Q concentrations 

in table 1. After 48 hours of treatment only methotrexate 
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Figure 13. The effect of doxorubicin, 5-fluorouracil 
and methotrexate on extracellular MMTV gp52 
levels. The series of increasing drug 
effects is continued from figure 12 for the 
following treatments: 1) doxorubicin (top), 
2) 5-fluorouracil (center) and 3) methotre
xate (bottom). Bars depict the SEM. 
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differs in relative potency if the cytoreductive effect and 

the inhibited viral antigen effect are compared. The sharp 

increase in the slope of the gp 52 reduction curve for 

methotrexate when comparing 48 and 72 hour samples (figure 

13) indicates that this viral antigen effect did not fully 

manifest itself until 72 hours of treatment had elapsed. 

Comparison of 50% inhibitory doses (EDgoS) for reduction in 

cell density and diminished levels of MMTV gp52 at 72 hours 

(table 1) reveals slight differnces in concentrations for 

each drug; however, a nearly coordinate inhibition of tumor 

cell growth and gp52 expression results in the same relative 

order of concentration-dependent potency for these drugs. 

The following hierarchy of dose-dependent chemotherapeutic 

effect is supported by ED 50 analysis of the coordinate 

changes in both therapeutic measures: methotrexate > 

5-fluorouracil > doxorubicin > PALA > cis-platinum > 

cyclophosphamide. 

Viral Antigen: h Measure nf Metabolic 
Modulation nf In Vitro chemotherapeutic 
Effect 

Recent interest in experimental chemotherapy has centered 

on the possibility that the cytotoxic anti-tumor effect of 

known useful drugs may be enhanced and potentiated by 

metabolic modulating effects of another compound which in 

some cases may have little or no effect of its own. One such 
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useful modulator appears to be PALA, an experimental drug 

synthesized for the NIH experimental chemotherapy program 

and only available through this source. PALA has been 

utilized to enhance the effectiveness of 5-fluorouracil by 

blocking the conversion of carbamyl phosphate to carbamyl 

aspartate. This PALA block decreases the endogenous pro

duction of uridine monophosphate (UMP); thereby decreasing 

the UMP pool and theoretically enhancing the incorporation 

of 5-fluorouracil into RNA, as well as, inhibiting thymi-

dylate synthetase and the DNA synthesis pathway. Recent 

results in mouse tumor models have demonstrated that PALA 

does stimulate incorporation of 5-fluorouracil into RNA and 

PALA treatments have resulted in enhanced anti-tumor effects 

(85) . For these reasons, PALA was chosen as an in vitro 

modulator of 5-fluorouracil activity to determine whether 

changing levels of viral antigen would provide a meaningful 

measure of experimentally modulated therapeutic effect. To 

test the influence of PALA, C3H mammary tumor cells were 

divided into 3 experimental and one control group for in 

vitro testing. At zero time, replicate control cultures 

received fresh growth medium, a second group received 5-FUra 

(2 X 10"^ mg/ml), a third group received PALA alone (6 x 10"^ 

mg/ml), and a fourth group was treated for 2 hours with PALA 

followed by a combined regimen of PALA plus 5-FUra. The 

effect of these treatments was assessed by monitoring cell 
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density and viral antigen release at 24, 48, and 72 hours 

post-treatment. The cell density measurements for controls, 

single treatments and PALA plus 5-FUra are presented as 

histograms in figure 14. The results depicted at 24 hours 

(upper solid histograms) demonstrate a decrease in cell 

density for each of the three treatments as compared to 

control. This decrease for each group was statistically 

significant at p <. 0.01 (paired student T test). However, 

statistical analysis did not support a difference between 

individual treatments and PALA plus 5-FUra treatment at this 

early 24 hour point in treatment. At 48 hours (middle open 

histograms), a further cytoreductive effect was noted for 

all these experimental groups as compared to control (p <. 

0.01); however, at 48 hours the combination PALA plus 5-FUra 

begins to produce a slightly greater decline in cell density 

as compared to 5-FUra alone. While this difference is small, 

it is statistically significant at p <. 0.05. The cyto

reductive effect at 72 hours (lower cross-hatched histo

grams) is even greater for treatments (P < 0.01). The combi

nation PALA plus 5-FUra continues to be slightly more ef

fective than 5-FUra alone and 72 hour statistical analysis 

more strongly supports this difference (p < 0.01). These 

results indicate that both PALA and 5-FUra are effective 

agents which inhibit tumor cell growth and that PALA in 

combination can enhance the effectiveness of 5-FUra. These 
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Figure 14. PALA modulation of the 5-fluorouracil effect 
on cell density. As a measure of cell 
density, OD 664 nm has been determined for 
C3H control mammary tumor cells and groups 
receiving 5-FUra, PALA, or PALA primed 
combination 5-FUra plus PALA treatment. 
Determinations are presented as comparative 
histograms for 24 hour cultures (top:solid 
histograms), 48 hour cultures (middle: open 
histograms ) and 72 hour cultures (bottom: 
cross-hatched histograms). Bars indicate 
the SEM. 
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concentration of PALA (an ED50 dose) was high enough to 

produce an effect of its own. Dosage of the modulator PALA < 

5.0 X 10~^ mg/ml did not elicit an anti-tumor effect. 

These effects on cell density were further compared with 

extracellular MMTV gp52 levels. Radioimmunoassay data for 

each group is presented in figure 15. This data suggests a 

striking difference in the time frame for detecting a change 

in gp52 level as compared to the previously detected changes 

in cell density. At 24 hours (upper solid histograms), all 

experimental groups demonstrate a decline in gp52 level as 

compared to control but these declines were small and not 

statistically significant for PALA or 5-FUra; however, 

comparison of combination PALA plus 5-FUra treatment with 

5-FUra alone revealed an early highly significant decline in 

gp52 level with PALA plus 5-FUra treatment (p < 0.01). At 48 

hours (middle open histograms) , the decline in gp52 with 

PALA plus 5-FUra treatment was significant as compared to 

control (p <. 0,05). This was the only treatment which 

significantly reduced gp52 levels at 48 hours. In the lower 

portion of figure 15, the 72 hour cross-hatched histograms 

illustrate that all three treatments have significantly 

lowered gp52 levels as compared to control (p < 0.05 to p < 

0.01) and that the lowest mean was achieved with PALA plus 

5-FUra treatment. These results indicate that the PALA plus 
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Figure 15. PALA modulation of the 5-Fluorouracil 
effect on extracellular MMTV gp52 levels. 
Levels of extracellular MMTV gp52 have been 
determined by RIA for the groups described 
in figure 14. These levels are presented 
for 24 hour cultures (top: solid histo
grams), 48 hour cultures (middle: open 
histograms) and 72 hour cultures (bottom: 
cross-hatched histograms). Bars indicate 
the SEM. 
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5-FUra effect was detected earlier by statistically sig

nificant changes in MMTV gp52 than by changes in cell 

density; however, with 72 hours of treatment cell density 

also became an indicator of enhanced combination therapeutic 

effect. 

Viral Antigen; h Measure nf Augmented 
Prug Effects during la vitro combina
tion Chemotherapeutic Treatment 

The heterogeneity of mammary tumor cell population has, 

in general, meant that single agents were capable of killing 

only a portion of the tumor cells in a population. For this 

reason, both new and proven therapeutic protocols have 

combined drugs with different mechanisms of actions to 

achieve greater therapeutic effect with greater hope for 

permanent cure. Therefore, the greatest potential for an in 

vitro system for evaluating therapeutic effect lies in the 

study of combination drug effects. Two highly useful com

binations for human breast cancer management, namely CAF 

(cyclophosphamide, doxorubicin, and 5-fluorouracil) and CMF 

(cyclophophamide, methotrexate, and 5-fluorouracil) were 

chosen for in vitro viral antigen assessment to compare 

single and multiple drug efficacy. For the first combination 

chemotherapeutic treatments, a rationale for combining drugs 

was selected which was based on earlier single agent 

dose-response experiments. The ED50 concentration for single 
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agent treatments, derived from gp52 determination at 72 

hours post-treatment, was used to create a ratio of drug 

concentrations for each of the three drugs being combined, 

either CAF or CMF, The ratio was then used to create a 

concentrated combination CAF or CMF stock, A series of ten 

fold dilutions of each of these stocks was used for dose-

response testing in the cell culture model. In each case, 

control cultures were maintained with growth medium alone; 

whereas replicate experimental cultures were treated for 24, 

48, or 72 hours with increasing concentrations of CAF or 

CMF. The effects of CAF and CMF treatments on cell density 

are presented opposite control histograms as 24, 48, and 72 

hour dose-response curves in figure 16. Control histograms 

demonstrate that cell density increased during the 72 hours 

of testing. This increase in cell density was also evident 

in higher plateau levels of CAF and CMF dose-response curves 

with increasing time. In the upper portion of figure 16, 

increasing concentrations of CAF lead to progressive de

creases in cell density at each time tested. With increasing 

time, the cytoreductive effect of CAF becomes more pro

nounced and more precisely defines the CAF ED50 concen

trations for cell growth. The anti-tumor effect of CMF is 

revealed in the lower portion of figure 16 as sizeable 

cell density reductions at higher drug concentrations. As 
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Figure 16. Effect of CAF and CMF combination chemo
therapy on tumor cell density. C3H mammary 
tumor cells were treated with increasing 
concentrations of a stock containing 
cyclophosphamide, doxorubicin (adriamycin), 
and 5-fluorouracil (CAF) or with increasing 
concentrations of a stock containing cyclo
phosphamide, methotrexate, and 5-fluoro
uracil (CMF). At each point in time (24, 48, 
and 72 hours post-treatment), cell density 
measurement for controls on the left can be 
compared with dose-response curves on the 
right. Bars indicate the SEM. 
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noted for CAF, 72 hour treatments exhibit maximal effects 

and are most useful in ED^Q determinations. 

The simultaneously-derived data on MMTV gp52 levels 

during CAF and CMF treatments are presented in similar 

fashion in figure 17. Results for controls again demonstrate 

that viral antigen increased during the test period but the 

rate or increment of gp52 increase was somewhat different 

than that noted for cell density. Viral antigen levels in

creased more uniformly during the testing interval. As with 

single agent treatments, gp52 levels declined from control 

levels with the use of increasing concentrations of either 

CAF or CMF. Declines in viral antigen were substantial with 

increasing drug dose and time but were not quite as sharp 

and concentration-dependent as changes in cell density. 

Comparison of data in figure 16 and 17 leads to the 

conclusion that, despite minor differences, gp52 concen

trations and cell densities decline in a very similar 

coordinate fashion during combination chemotherapeutic 

treatment. These results further argue that gp52 may be a 

useful alternative measure of therapeutic effect. This CAF 

and CMF data permitted ED^^s for both cell growth and gp52 

release to be determined for 72 hour dose-response curves. 

This data, presented in table 2, permits a comparison of 

EDgoS for these two parameters and, in addition, allows for 
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Figure 17. Effect of CAF and CMF combination chemo
therapy on extracellular MMTV gp52 levels. 
C3H mammary tumor cells were treated as 
indicated in figure 16. At each point in 
time extracellular MMTV gp52 levels of 
controls (left) are compared with dose-
response curves (right). Bars indicate the 
SEM. 
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EDjo concentrations of drugs in combination to be compared 

with previously-derived ED50 concentrations as single thera

peutic agents. Comparison of ED50S for these two parameters 

demonstrates a close parallel in which some viral antigen 

measures of potency are slightly lower and some are slightly 

higher than those obtained by cell density measurement. The 

second comparison of concentration-dependent potency as a 

single agent or in combination is more clearly defined. 

Comparison of all 50% inhibitory doses (EDJQS) for reduction 

in cell density or diminished levels of MMTV gp52 revealed 

that lower drug concentraions were required for each agent 

in combination CAF or CMF treatments than in single agent 

treatments alone. Therefore, the in vitro model provided a 

dual measure of the change in concentration-dependent poten

cy afforded by combining effective single agents. 

Single Agent and Combined Therapeutic 
Treatments with Identical Drug Dosage 

Since the previously presented ED5Qcomparison of com

bination drug effects with single agents required a 

retrospective comparison with previously obtained single 

agent ED50 data, the following comparative approach utilized 

identical ED^Q doses of each drug (determined for single 

agents) both singly and in CAF and CMF combinations. This 
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approach provided a simultaneous comparison, derived within 

the same experimental protocol. 

In the first comparison, CAF, cyclophosphamide(CTX) , 

doxorubicin(ADR), and 5-fluorouracil(5-FUra) were compared 

to replicate control cultures at 24, 48, and 72 hours post-

treatment. The same following EDJQ concentrations were used 

singly and in combination: CTX (5 x 10"^ mg/ml), ADR (3 x 

10'^ mg/ml) , and 5-FUra (9 x 10"^ mg/ml) , The effects of 

these treatments at 72 hours on cell density and gp52 levels 

are presented as paired histograms for both experimentals 

and controls in figure 18. Both measures of therapeutic ef

fect reflect a similar pattern of potency for the treatments 

tested. These results demonstrate a significant decline in 

OD (solid histograms) when individual treatments are com

pared to the mock-treated control (p < 0.01, paired student 

T test) . In addition, combination CAF treatment signifi

cantly reduces cell density below control (p <. 0.01) and 

below values obtained with each single agent treatment (p < 

0.01). Similarly, mean gp52 levels (cross-hatched histo

grams) decline for single treatments as compared to the 

control and these reductions for 5-FUra and doxorubicin were 

statistically significant (p < 0.05). The CAF effect on gp52 

levels is significant versus control (P < 0.01) and is also 

a significant reduction in viral antigen level as compared 

to each individual treatment (P < 0.05 to p < 0.01). The 



I I iiniTii 

86 



^ > s ̂  
o s 
-H g 4-J 
Id M 
5 Id 

* : ^ ' - ' 
-§ ^ 
i ^ R ̂  O <D 

-r-t ^ v. ̂  s >̂  
Id 4 j 
, X 

4J (U 

c 
Si'o 
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reductions for both OD and gp52 are close to the 50% 

predicted for 5-FUra and doxorubicin; however, the cyclo

phosphamide effect for an EDg© treatment was less than the 

50% expected. Both measurements in this in vitro model OD 

and gp52, provide strong statistical support for a combi

nation CAF effect that exceedes the efficacy of each indi

vidual agent. 

A similar experimental approach has been utilized to 

compare CMF combination chemotherapy with each of its 

individual components. In this case, CMF, cyclophosphamide 

(CTX), methotrexate (MTX), and 5-fluorouracil (5-FUra) were 

treated as 4 experimental groups and compared to replicate 

control cultures at 24, 48, and 72 hours post-treatment. The 

same following ED50 concentrations were used singly and in 

combination: CTX (5 x 10"^ mg/ml), MTX (7 x 10"^ mg/ml), and 

5-FUra (9 x 10"^ mg/ml). The effects of these treatments on 

cell density and gp52 level are depicted as paired 

histograms for 72 hour treatments in figure 19. Again, as 

noted for CAF treatments, parallel corresponding changes of 

a similar relative nature are noted when cell density and 

viral antigen are monitored during treatment. These results 

illustrate that when treated cultures are compared to con

trol cultures statistically significant decreases in cell 

density (P < 0.01) are noted for each treatment (single and 
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CMF) . Further, Cell density following combination CMF 

treatment is reduced to a greater degree than detected for 

any single treatment (p < 0.01) . Concordantly, mean gp52 

levels decline from control levels for each single treatment 

and gp52 declines for 5-FUra and MTX were found to be 

statiscally significant (p <. 0,05 to p <. 0.01). Results 

demonstrate that mean gp52 levels were lower following CMF 

treatment than following each single treatment but the 

degree of significance in this decline varied with the indi

vidual treatment. When CMF was compared to each single agent 

the following significance could be attached to each 

comparative decline: 1) CMF versus cyclophosphamide (p <. 

0.01), 2) CMF versus 5-FUra (p < 0.05) and 3) CMF versus 

methotrexate (p < 0.1). These results clearly indicate the 

enhanced effectiveness of CMF; however, the lower degree of 

significance for methotrexate reflects the fact that 

methotrexate alone, the most effective single agent tested, 

is nearly as effective as combination CMF in lowering gp52 

level. While comparison of these results in figure 19 

reveals some minor difference between cell density changes 

and viral antigen changes, as measures of therapeutic 

effect, this comparison argues for the fact that coordinate 

declines in both cell density and the fact that coordinate 

declines in both cell density and MMTV gp52 mark an anti-



92 

t u m o r c e l l e f f e c t and t h a t t o g e t h e r t h e y p r o v i d e d u a l 

measu re s o f i n v i t r o t h e r a p e u t i c e f f e c t . 

Tamoxifen 3^ AQ. Adjuvant t n Combinat ion 

Chemotherapeutic Treatment 

Tamoxifen, an anti-estrogen, is potentially useful as a 

hormone therapy for aiding in breast cancer management. 

Tamoxifen was recommended as the treatment of choice in 

Sept. 1985 by the Concensus Development Conference on Ad

juvant Therapy for Breast Cancer for treatment of post

menopausal women with positive lymph nodes and positive 

hormone receptor levels. This value of tamoxifen in treating 

post-menopausal women argues for a further understanding of 

its potential synergy or antagonism when combined with other 

known effective drug combinations. To further analyze 

extracellular viral antigen levels as a measure of extra

cellular viral antigen levels as a measure of effect, tamo

xifen has been used as an anti-estrogen to modulate the in 

vitro effects of both CAF and CMF treatments. Tamoxifen was 

first utilized singly to develop a dose-response curve and 

the 50% inhibitory dose (ED50 tamoxifen, 5.75 x 10"^ mg/ml) 

was utilized for further testing. The following series of 

experimental treatments were compared with replicate control 

cultures to assess tamoxifen's ia vitro effect: 1) tamoxifen 

alone, 2) CAF, 3) CAF plus tamoxifen (CAFT), 4) CMF, and 5) 

CMF plus tamoxifen (CMFT). Results have been analyzed at 72 



93 

hours post-treatment and OD measurements of cell density 

for each experimental group and controls are presented 

as comparative histograms in figure 20. These results as 

compared to control demonstrate a significant cytoreductive 

effect when tamoxifen is aciministered as a single agent (p < 

0.01). Further comparison with control reveals that each of 

the four combinations produce even greater declines in cell 

density, significant at p < 0.01. Comparison of CAF and CMF 

treatments revealed that CAF was significantly more ef

fective in reducing cell density than CMF (p <. 0.01); 

however, both combination chemotherapy treatments were aug

mented by the addition of tamoxifen (p < 0.01). Therefore, 

the greatest cytoreductive effect was achieved by CAFT and 

CMFT treatments and statistical comparison of results with 

these two treatments did not demonstrate one combination to 

be more effective than the other. 

The simultaneously-derived data from gp52 radioimmuno

assay of 72 hour media samples is depicted in figure 21. The 

first point very clearly illustrated by comparing viral 

antigen data in this figure with cell density data in figure 

20 is that despite very slight differences in the magnitude 

of determinations for each treatment group the relative 

hierachy of effect derived from OD determination is the same 

as that derived from viral antigen radioimmunoassay. All 

treatments brought about a significant reduction in gp52 
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Figure 20. Tamoxifen enhancement of CAF and CMF cyto
reductive effects. The anti-estrogen tamo
xifen (TMX) has been tested singly and in 
combination with CAF and CMF treatments. 
Measurements of cell density at 72 hours 
post-treatment (OD 664 nm) are represented 
as histograms for each of the five treated 
groups and control C3H mammary tumor cells. 
Bars indicate the SEM. 
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Figure 21. Tamoxifen enhanced CAF- and CMF- mediated 
declines in extracellular MMTV gp52 levels. 
C3H mammary tumor cells were treated as 
described in figure 29 and extracellular 
gp52 levels at 72 hours post-treatment are 
illustrated as histograms. Treatment groups 
with and without tamoxifen can be compared 
to each other and to untreated controls. 
Bars indicate the SEM. 
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level as compared to control (p < 0.01) and reduced gp52 

levels demonstrated CAF to be more effective than CMF (p 

<. 0.01), The addition of tamoxifen to CAF or CMF resulted 

in even further significant reductions in gp52 levels (p < 

0.05). These diminished gp52 levels, following CAFT and CMFT 

protocols, further demonstrated a tamoxifen-induced syner

gistic enhancement of CAF and CMF anti-tumor effect. 

The role of combination chemotherapy and the incorpo

ration of tamoxifen as an estrogen agonist can be more fully 

assessed in this in vitro system if single agent treatments 

are included for a comparison of effect. A complete summary 

of the 72 hour extracellular gp52 levels of controls, single 

agent treatments, combination protocols, and combinations 

utilizing tamoxifen as an adjuvant is presented in figure 

22. The results depicted in this figure clearly illustrate 

that CAFT and CMFT were more effective than CAF or CMF and 

that each combination was more effective than any single 

agent tested at the same concentration. These results also 

demonstrate the capability of extracellular gp52 levels to 

be utilized as an alternative measure of relative thera

peutic effect; thereby, providing additional credence to in 

vitro determinations of therapeutic effect. 
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Figure 22. Comparison of decreasing MMTV gp52 levels 
as a measure of single agent, combined 
agents, and tamoxifen enhanced therapeutic 
effect. Extracellular MMTV gp52 levels at 
72 hours post-treatment are presented for 
untreated control cultures and each of the 
treatments indicated. Single agents were 
utilized at the same concentration singly 
and in combination. Bars indicate the SEM. 
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CHAPTER IV 

DISCUSSION 

Tumor markers, produced by a tumor, or the host in re

sponse to a tumor, have the potential to indicate the pre

sence of neoplastic disease either as solid tumors in situ^ 

as metastases, or as free-floating tumor cells being spread 

in the circulation. While many tumor markers are being stud

ied, none as yet has been selected for routine cancer 

screening in the general population; however, tumor markers 

can be of immediated use as helpful aids in establishing a 

diagnosis, staging and assessing the prognosis of certain 

neoplastic diseases. An additional benefit of a tumor marker 

may lie in its potential to monitor disease status during 

the course of therapy; thereby producing a means for the 

evaluation of alternative therapeutic protocols. 

The mouse mammary tumor and its associated virus, mouse 

mammary tumor virus (MMTV) has provided a very useful model 

system to explore the feasibility of using a viral protein 

as a marker for tumor, as well as, a system to explore the 

feasibility of developing practical applications for tumor 

marker use; once such a marker was identified. A series of 

studies by Ritzi and coworkers focused on the viral envelope 

glycoprotein (gp52) as a potential tumor marker and provided 

101 
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the following conclusions: (1) Tumor-bearing animals of ei

ther sex showed markedly elevated (100-1000 ng/ml) levels of 

gp52 as a free soluble protein in the plasma and the concen

tration of the protein increased with tumor size. (2) Tumor-

free mice characterized by low (2-10 ng/ml) plasma levels. 

(3) Following surgical removal of tumor, the tumor was found 

to be the principal and perhaps sole source of gp52. (4) By 

testing for the appearance of plasma gp52, tumor recurrences 

were correctly diagnosed four to seven days before they were 

detectable by palpation. (5) Tumor regrowths were accompa

nied by continued increases in plasma gp52 concentrations at 

rates that usually matched increases in mammary tumor mass. 

(6) Following surgery, the only animals that remained tumor-

free at the termination of the experiment were those that 

maintained low gp52 levels ( :< 15 ng/ml) . (7) The proba

bility of a tumor-free animal relapsing within a two week 

period was much higher if its gp52 level remained high, and 

(8) Plasma levels of gp52 at the time of surgery proved 

superior to the sizes of the tumors removed as prognostic 

indicators of eventual surgical "cures" (71, 72) . These 

findings through plasma analysis strongly argued that MMTV 

gp52 was a true systemic marker for murine mammary tumors 

and that it could be utilized to serially monitor mammary 

disease status in individual animals. As an extension of 

these these studies, Ritzi and coworkers studied plasma gp52 
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levels during treatment as a possible in vivo measure of 

therapeutic effect. These studies on CD8F1 mice bearing 

spontaneous autothonous -mammary tumors (74) and CD8F1 mice 

receiving surgical adjuvant chemotherapy (75) provided en

couraging support for the present study. These two studies 

employing CAF combination chemotherapy demonstrated that 

decreases in plasma MMTV gp52 levels reflected the thera

peutic effect afforded by treatment. Therefore, in these two 

animal model studies, changing levels of plasma gp52 pro

vided a measure of in vivo therapeutic effect. While the 

CD8F1 mouse model has been shown to be therapeutically pre

dictive for human breast cancer (55), double-blind studies 

of a single therapeutic protocol require months to obtain 

results. For this reason, a more rapid gp52-based test was 

desirable for further drug testing. The work of Ritzi Q^ 

al.(73) demonstrated "that gp52 release from mammary tumor 

cells could be quantitated, in vitro^ in cell cultures, and 

that extracellular gp52 levels could be studied as a func

tion of time after medium changes. These results suggested 

that the ability to use gp52 as a measure of in vivo 

therapeutic effect might be combined with a more rapid in 

vitro cell culture approach. This idea is the very essence 

of the present study which has examined the possibility of 

using extracellular viral protein levels of culture fluids 
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to monitor and compare the effectiveness of new experimental 

protocols. 

The in vitro system developed for these studies has 

provided a simultaneous measure of a classic parameter of 

tumor cell growth (cell density) and a measure of gp52 

expression and release from tumor cells (extracellular gp52 

levels). Coordinate decreases in cell density and gp52 

levels for single agent and combination chemotherapeutic 

treatments strongly suggest that gp52 levels of culture 

medium can provide a very useful in vitro measure of 

therapeutic effect. The results contained herein, clearly 

indicate that this measure of effect is concentration-

dependent and comparison of 50% inhibitory doses (ED s) for 

reduction in cell density and diminished levels of MMTV gp52 

have revealed the same following relative hierachy of dose-

dependent drug effect: methotrexate > 5-fluorouracil > 

doxorubicin > PALA > cis-platinum > cyclophosphamide. This 

viral marker protein has also permitted a comparison of 

single and combined agent potency and has demonstrated the 

enhancement of chemotherapeutic effect which accompanies the 

addition of tamoxifen to experimental protocols. 

Clearly, some of the anti-cancer agents with greatest 

clinical utility (cyclophosphamide, doxorubicin, 5-fluoro

uracil, cis-platinum, and methotrexate) and which have a 

high degree of activity in a broad spectrum of animal tumor 
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models (34) have also demonstrated their effectiveness to 

reduce gp52 levels and therefore have demonstrated signifi

cant anti-tumor effects in this in vitro model. The measure

ments of viral antigen have also argued for the increased 

efficacy of combination chemotherapeutic treatments as com

pared to single agents. These in vitro results compare well, 

in a matching fashion, to the clinical trial results for 

advanced breast cancer in the 1980s, which demonstrate, on 

the whole, that cyclical combination chemotherapy such as 

CAF or CMF is superior to sequential single-agent chemo

therapy (13). While a single standard chemotherapeutic com

bination of choice has not yet been identified, CMF and 

variations on the CMF combination have become one of the 

most common choices for advanced breast cancer management 

(20). Results with tamoxifen as an adjuvant to combination 

chemotherapy have also demonstrated greater in vitro de

clines in gp52 and cell density as compared to treatments 

lacking tamoxifen. This augmented effect mediated by 

tamoxifen in vitro provides further rationale and support 

for current clinical interest in tamoxifen. This anti-

estrogen is increasingly becoming a first choice for 

treatment, particularly in estrogen receptor positive post

menopausal women, because it produces lower toxicity while 

maintaining a comparable response rate to other regimens 

(13). The role of adjuvant hormone therapy, either alone or 
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in combination with cytotoxic drugs, cannot be fully eval

uated as a clinical treatment at this time. Adjuvant hormone 

therapy has, in a majority of studies, yielded a higher re

sponse rate compared to either single modality (33) . The 

parallels between these clinical results and those detected 

in this newly developed C3H mammary tumor cell model argue 

for the efficacy of tamoxifen or its metabolities while 

strengthening the belief that in vitro-derived data is both 

valid and useful in examining clinical protocols. 

In vitro results with PALA modulation of 5-fluorouracil 

actually demonstrated earlier statistically significant 

changes in gp52 levels than in cell density. This result 

suggests that for some drugs and treatments viral gp52 

levels may be a more sensitive measure of drug effect than 

classical measures of cytoreduction. Similarly, Yagi and 

coworkers (98) demonstrated that the new experimental anti

tumor drug [p-fluoro-L-Phe-m-bis-(2-chloroethyl) amino-L-

Phe-Met ethoxy HCl], PTT.119, had a greater disproportion

ate effect on MMTV replication than on tumor cell killing in 

the continuously infected MJY-alpha mammary tumor cell line. 

In vitro effects on MMTV gp52 have also been reported by 

the Yagi group following interferon treatment of this murine 

mammary tumor cell line (97) . While gp52 levels have, in 

general, correlated with changes in cell density, dif

ferences in kinetics of effects on gp52 expression suggest. 
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that in some instances, changing gp52 levels may provide 

insight into mechanisms and interactions involved in drug 

effect which are not afforded strictly by measures of cell 

death or cell growth inhibition. 

The assay developed herein is proposed as but one tool 

in the overall drug screening process. The historical ap

proach has relied heavily upon in vivo animal tumor models 

for screening and present day chemotherapists strongly argue 

for continuing this approach to anti-tumor drug selection 

(47) . In addition, newly available continuous human mammary 

tumor cell lines are being used in cytotoxicity assays for 

drug screening in vitro and some investigators argue that 

these cell lines may eventually take the place of in vivo 

animal testing (14). A further approach, which has now been 

studied in depth, is the human stem cell assay of Hamburger 

and Salmon (37). This assay has utilized a patient's own 

tumor cells in vitro to determine individualized drug 

sensitivity. While this has been an exciting possibility, 

the technical problems have been nearly insurmountable in 

standardizing an assay which relies on primary tumor cell 

cultures of individual patients. The in vitro assay devel

oped herein with a uniform continous murine mammary tumor 

cell line may be problematic in displaying differences in 

drug effect as compared to human cells; however, this in 
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vitro system offers uniformity, standardization, and a si

multaneous dual measure of therapeutic effect not afforded 

by other in vitro human cell assays. This in vitro assay, 

like all in vitro assays, has the disadvantage that com

pounds may not be metabolized and converted to active thera

peutic metabolities as would occur in vivo and difficulties 

exist in extrapolating in vitro dosage levels to clinically-

relevant treatment levels. 

Despite these general weaknesses, the present data sug

gests that diminished gp52 levels can provide a sensitive 

measure of in vitro chemotherapeutic effect that may be 

useful in experimental attempts to maximize presently ef

fective treatment and to evaluate new drugs and new thera

peutic protocols. This use of viral antigen as a measure of 

therapeutic effect should aid in the design of protocols to 

improve breast cancer management. In particular, the ability 

to manipulate variables and define test variables in this in 

vitro system should provide insights which were previously 

not possible in treatment design. Future studies in serum-

free medium should permit detailed studies of the effects of 

growth factors such as epidermal growth factor (EGF) or 

hormones on both established cytotoxic drug protocols and 

new experimental agents. The synergism or antagonism of 

different metabolic modulators and therapeutic drugs can be 

assessed in great detail and with great rapidity in this in 
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vitro test model. The viral antigen assessment of thera

peutic effect provides the additional opportunity to analyze 

changes in retroviral antigen expression during defined 

treatments and thereby gain insights into those factors 

which control and regulate viral antigen expression in eu-

karyotic cells. 

While this viral tumor marker in a murine system may 

immediately aid in developing new effective chemotherapy for 

human breast cancer treatment, it also provides practical 

knowledge about the general use of marker proteins in dis

ease management. The future identification of similarly use

ful marker proteins in human tumor systems would then be of 

great benefit and would permit one to directly apply this 

approach, both in vivo and in vitro^ to the disease manage

ment of human cancers. 



LITERAURE CITED 

1. Alexander, P, 1974, Escape from immune destruction by 
the host through shedding of surface antigens: Is this a 
characteristic shared by malignant and embryonic cells? 
Cancer Res. M: 2077-2082. 

2. Anderson, S. J., R. B. Naso, J. Davis, and J. M. Bowen. 
1979. Polyprotein precursors to mouse mammary tumor 
virus proteins. J. Virol. ^: 507-516. 

3. Anderson, S. J., and R. B. Naso. 1980. A unique glyco
protein containing GR-mouse mammary tumor virus peptides 
and additional peptides unrelated to viral structural 
proteins. Cell 21:837-847. 

4. Andervont, H, B, 1952. Biological studies on the mammary 
tumor inciter in mice. Ann, N, Y, Acad. Sci. 54: 1004-
1011. 

5. Andervont, H. B., and T. B. Dunn. 1956, Studies of the 
mammary tumor agent carried by wild house mice. Acta 
Internat. Union against Cancer 12.: 530-543, 

6. Arthur, L, O,, R. F. Bauer, L. S. Orme, and D. L. Fine. 
1978a. Co-existence of the mouse mammary tumor virus 
(MMTV) major glycoprotein and natural antibodies to MMTV 
in sera of tumor-bearing mice. Virology 87: 2 66-275. 

7. Arthur, L. O., C. W. Long, G, H. Smith, and D. L. Fine. 
1978. Immunological characterization of the low mole
cular weight DNA binding protein of mouse mammary tumor 
virus. Int. J. Cancer 22.'- 433-440. 

8. Bentvelzen, P. 1968. "Genetical control of the Vertical 
Transmission of the Muhlbock Mammary Tumor Virus in the 
GR Mouse srain." Hallandia Pubishing House, Amsterdam. 

9. Bern, H., and S. Nandi. 1961. Recent studies of the hor
monal influence in mouse mammary tumorigenesis. Prog. 
Exp. Tumor Res. Z- 90-144. 

10. Bittner, J. J. 1936. Some possible effects of nursing on 
the mammary gland tumor incidence in mice. Science M: 
162. 

110 



Ill 

11. Bittner, J. J. 1942. The milk-influence of breast tumors 
in mice. Science 23.'- 462-463. 

12. Bolton, A. E., and M. M. Hunter. 1973. The Labeling of 
proteins to a high specific radioactivity by conjuga
tion to a ^^^I-containing acylating agent: application 
to the radioimmunoassay. J. Biochem. 133: 529-539. 

13. Bonadonna, G., and P. Valagussa. 1983. Chemotherapy of 
breast Cancer: Current views and results. Int. J. 
Radiat. Oncol. Biolo. Phys. 2.: 27 9-2 97. 

14. Boyd, J. D. 1984. NCI planning to swictch drug develop
ment emphasis from compound to human cancer oriented 
strategy. The Cancer Letter 10 (41) :1-3. 

15. Calafat, J., and P. Hageman. 1968. Some remarks on the 
morphology of virus particles of the B type and their 
isolation from mammary tumors. Virology ^: 308-312. 

16. Calberg-Bacq, C-M, C. Francois, S. Kozman, P. M. Oster-
rieth, and Y. A. Teramoto, 1981. Immunological charac
terization of a mammary tumor virus from Swiss mice: 
multiple epitopes associated with the viral gene 
products, J. Gen. Virol, hJ.'- 75-83. 

17. Cardiff, R. D. 1973, Quantitation of mouse mammary tumor 
virus (MMTV) virions by radioimmunoassay. J. Immunol. 
Ill: 1722-1729. 

18. Cardiff, R. D., M. J, Puentes, Y. A. Teramoto, and J. K. 
Lund. 1974. Structure of the mouse mammary tumor virus: 
Characterization of bald particles. J, Virol. 14.: 1293-
1303. 

19. Cardiff, R. D., M, J. Puentes, L. Young, G. H. Smith, Y. 
A, Teramoto, B, W. Altrock, and T. S. Pratt. 1978. 
Serological and biochemical characterization of the 
mouse mammary tumor virus with localization of plO. 
Virology M: 157-167. 

20. Carter, S. K. 1985. Adjuvant chemotherapy for breast 
cancer. Breast Cancer Chemotherapy U: 75-83 

21. Chabner, B. A,, R. L. Fine, C. J. Allegra, G. W. Yeh, 
and G. A, Curt.1984. Cancer chemotherapy, progress, and 
expectations. Cancer M: 2599-2608. 



112 

22. Daams, J. H., and P. C. Hageman. 1972. Attempts to im
munize GR mice, P,97-100. In J. Mouriguand(ed.), 
"Fundamental research on Mammary Tumors" INSERM, Paris. 

23. Dickson, C. 1973. Mouse mammary tumor virus RNA-
dependent DNA polymerase: requirements andproducts. J. 
Gen. Virol. 211: 243-247. 

24. Dickson, C, and J. J. Skehel. 1974, The polypeptide 
composition of mouse mammary tumor virus. Virology 58: 
387- 395. 

25. Dickson, C, J, P, Puma, and S. Nandi, 1976, Identifi
cation of a precursor protein to the major glyco
proteins of mouse mammary tumor virus. J. Virol 17 : 
275-282. 

26. Dickson, C, and M. Atterwill. 1979, Composition, ar
rangement and cleavage of the mouse mammary tumor virus 
polyprotein precursor Pr779S9 and pllO^^^, Cell 12: 1003-
1012 

27. Dickson, C, and G. Peters, 1983, Proteins Encoded by 
Mouse Mammary Tumor virus. P. 22-2 6. In Current Topics 
in Microbiology and Immunobiology. Vol. 106. Springer 
Verlag Berlin Heidelberg. 

28. Dion, A. S., A, B. Vaidya, and G. S. Fout. 1974a. Cation 
preferences for poly(rC): oligo(dG)-directed DNA syn
thesis by RNA tumor viruses and human milk par
ticulates. Cancer Res. M: 3509-3515. 

29. Dion, A. S., A, B. Vaidya, G. S. Fout, and D. H. Moore. 
1974b, Isolation and characterization of RNA directed 
DNA polymerase from a B-type RNA tumor virus. J. Virol. 
14: 40-46. 

30. Dion, A. S., C. J. Williams, and A. A. Pomenti. 1977a. 
The major structural proteins of murine mammary tumor 
virus; techniques for isolation. Anal. Biochem. ^: 18-
28. 

31. Dion, A,S., G. S. Fout, and A. A. Pomenti. 1979a. In 
vivo and in vitro phosphorylation of murine mammary 
tumor virus proteins, J. Gen. Virology M.' 669-678. 



113 

32. Fine, D, L., L, D. Arthur, J, K, Plowman, E, A. Hillman, 
and F. Klein. 1974. In vitro system for production of 
mouse mammary tumor virus. Appl, Microbiol, Z3.' 1040-
1046, 

33. Fisher, B,, C, K, Redmond, and A, Brown, 1983. Influence 
of tumor estrogen and progestrone receptor levels on 
the response to tamoxifen and chemotherapy in primary 
breast cancer. J. Clin. Oncol. 1: 227-241. 

34. Goldin, A., and F. M. Schabel, 1981, Clinical concepts 
derived from animal chemotherapy studies. Cancer Treat. 
Rep M: 11-19. 

35. Hageman, P. C, J. Calafat, and J. H. Daams. 1972. The 
mouse mammary tumor viruses, p282-308. In P. Emmelot 
and P. Bentvelzen (eds.), RNA viruses and Host genome 
in Oncogenesis. North American Elsevier Publishing Co., 
Inc. New York. 

36. Hageman, P. C, J. Links, and P. Bentvelzen. 1968. Bio
logical properties of B particles from C3H and C3Hf 
mouse milk. J. Natl. Cancer Inst. AQ.: 1319-1324. 

37. Hamburger, A. W., and S. E. Salmon. 1977. Primary bio
assay of human tumor stem cells. Science 197: 461-463. 

38. Hendrick, J. C, C. Francois, C-M. Calbergbacq, C. Colin 
P. Franchimont, L. Gosselin, S. Kozma, and P. M. Oster-
rieth. 1978. Radioimmunoassay for protein P28 of murine 
mammary tumor virus in organs and serum of mice and 
search for related antigens in human sera and breast 
cancer extracts. Cancer Res. 13.'- 182 6-1831, 

39. Heppner, G.H. 1984. Tumor Heterogeneity. Cancer Res. M: 
2259-2265. 

40. Hilgers, J., G. J. Therens, and R. Van Nie. 1973. Mamma
ry tumor virus antigens in normal and mammary tumor-
bearing mice. Int. J. Cancer 12: 568-576. 

41. Hilgers, J., W. C. Williams, W. B. Myers, and L. Don-
chowski. 1971. Detection of antigens of the mouse 
mammary tumor virus (MMTV) and murine leukemia virus 
(MuLV) in cells of cultures derived from mammary tumors 
of mice of several strains. Virology 1^:470-483. 

42. Hilgers, J., and M. Sluyser, 1981. Mammary tumors in the 
mouse, Elsevier/North-Holland, Amsterdam, 



114 

43. Howk, R., L, Rye, L, Killen, E. Scolnick, and W. Parks. 
1973. Characterization and separation of viral DNA 
polymerase in mouse milk. Proc. Natl. Acad. Sci. U.S.A. 
2Q.:2117-2121.44, Hunter, W, M. and F, C, Greenwood. 
1962, Preparation of iodine-131 labeled human growth 
hormone of high specific activity. Nature 194: 4 95-4 98. 

44. Hunter, W. M, and F. C. Greenwood. 1962, Preparation of 
iodine-131 labeled human hormone of high specific 
activity. Nature 194: 495-498 

45. Kimball, P, C, R. Michalides, D, Colcher, and H. Sch-
lom, 1976. Characterization of mouse mammary tumor 
virus from primary tumor cell cultures. 1. Immunogenic 
and structural studies. JNCI 5^:11- 117. 

46. Klavins, J. V. 1985. In Tumor Markers, clinical and lab
oratory studies. Alan R. Liss Inc., New York. 

47. Lane, M. 1979. Clinical problems of resistance to cancer 
chmemotherapeutic agents. Fed. Proc. 23.'- 103-107. 

48. Little, C. C. 1966. Inbred strains demonstrating high 
tumor incidence. In: biology of the Laboratory Mouse. 
G.D. Snell (ed.). Plenum Press, New York. 

49. Lowry, O. H., N. T, Rosebrough, A L, Farr, and R. J. 
Randall. 1951. Protein measurement with the Folin 
phenol reagent. J. Biol. Chem. 193: 265-275. 

50. Marcus, S. L., N. H, Sarkar, and M. J. Modak, 1976. 
Purification and properties of murine mammary tumor 
virus DNA polymerase. Virology 21: 242-254. 

51. Marcus, S. L., S. W. Smith, J. Racevskis, and N. H. Sar
kar. 1978. The relative hydrophobicity of oncornaviral 
structural proteins. Virology M: 398-412. 

52. Marcus, S. L., R. Kopelman, and N. H. Sarkar. 1979. 
Simultaneous purification of murine mammary tumor virus 
structural proteins; analysis of antigenic reactiviteis 
of native gp34 by radioimmuno-precipitation assays. J. 
Virol. ^: 341-349. 

53. Martin, D. S., and A. Gelhorn. 1951. Combination of 
chemical compounds in experimental cancer chemotherapy. 
Cancer Res. 11: 35-41. 



115 

54. Martin, D, S. 1958, Discussion of experimental design in 
combination chemotherapy. Ann NY Acad. Sci, 2_S.: 92 6-
929. 

55. Martin, D. S., R, A, Fugmamm, R, L. Stolfi, and P. E. 
Hayworth. 1975, Solid tumor animal model therapeu
tically predictive for human breast cancer. Cancer 
Chemother. Rep. 5.: 89-109. 

56. Massey, R. J., and G. Schochetman. 1979. Gene order of 
mouse mammary tumor virus precursor polyproteins and 
their interaction leading to the formation of a virus. 
Virology H: 358-371. 

57. Muhlbock, O., and P. Bentvelzen. 1969. The transmission 
of the mammary tumor viruses. Perspect. Virol. £.: 75-
123. 

58. Nandi, S. 1966. Interactions among hormonal, viral and 
genetic factors in mouse mammary tumorgenesis. Proc. 
Can. Cancer Res. Conf. ^: 69-81. 

59. Nandi, S., and C. M. McGrath. 1973. Mammary neoplasia in 
mice. Adv. Cancer Res. 12: 353-414. 

60. Noon, M. C, R, W, Wolford, and W. P, Parks. 1975. 
Expression of mouse mammary tumor viral polypeptides in 
milks and tissues. J. Immunol. US.: 653-658. 

61. Nordquist, R. E. , J. H, Anglin, and M. P. Lerner. 1978. 
Antigen shedding by human breast cancer cells in vitro 
and in vivo, Br, J, Cancer 22: 776-779. 

62. Nusse, R., F. Asselbergs, M. Solden, R. Michalides, and 
W. Bloemendal. 1978, Translation of mouse mammary tumor 
virus RNA: precursor polypeptides are phosphorylated 
during processing. Virology ^: 106-115. 

63. Nusse, R., H. Janssen, L. De Vries, and R. Michalides. 
1980. Analysis of secondary modifications of mouse 
mammary tumor virus proteins by two dimensional gel 
electrophoresis. J. Virol ^: 340-348. 

64. Owens, R. B., and A, J, Hackett. 1972. Tissue culture 
studies of mouse mammary tumor cells and associated 
virus. J. Natl Cancer Inst. 41: 1321-1332. 



116 

65. Parks, W. P., R. S. Howk, E. M. Scolnick, S. Oroszlan, 
and R. V. Griden. 1974. Immunochemical characteri
zation of two major poly-peptides from murine mammary 
tumor virus. J. Virol. H: 1200- 1210. 

66. Pitelka, D. R., H. A. Bern, S. Nandi, and K. B. Deome. 
1964. On the significance of virus-like particles in 
mammary tissues of C3Hf mice. J. Natl. Cancer Inst. 33: 
867-885. 

67. Ponta, H,, W. H. Gunzburg, B. Salmons, B. Grroner, and 
P. Herrlich. 1985. Mouse mammary tumor virus: A pro-
viral gene contributes to the understanding of eu-
karyotic gene expression and mammary tumorigenesis. J. 
Gen. virol. £3.: 931-943. 

68. Racevskis, J., and N. H. Sarkar. 1978. Synthesis and 
processing of precursor polypeptide to murine mammary 
tumor virus structural proteins. J. Virol 25.: 374-383. 

69. Ringold, G. M., K. R. Yamamoto, J. M, Bishop, and H, E. 
Varmus, 1977b, Glucorcorticoid-stimulated accumulation 
of mouse mammary tumor virus RNA: increased rate of 
synthesis of viral RNA, Proc. Natl. Acad. Sci. U.S.A. 
24.: 2879-2883, 

70. Ritzi, E., A, Baldi, and S. Spiegelman. 1976. The 
purification of a gs antigen of the murine mammary 
tumor virus and its quantitaiton by radioimmunoassay. 
Virology 25: 188-197. 

71. Ritzi, E., D. S. Martin, R. L. Stolfi, and S. Spiegel-
man. 1976. Plasma levels of a viral protein as a 
diagnostic signal for the presence of tumor: the murine 
mammary tumor model. Proc. Natl. Acad. Sci. U.S.A. 22.: 
4190-4194 

72. Ritzi, E., D. S. Martin, R. L. Stolfi, and S. Spie
gelman. 1977. Plasma levels of viral proteins as a 
diagnostic signal for the presence of tumor: the effect 
of tumor removal. J. Exp. Med. 115.: 999-1013. 

73. Ritzi, E. M., B. A. Smith, R. L. Stolfi, and D. S. 
Martin. 1981. Quantitation of viral antigens released 
into plasma and culture fluids by murine mammary tumor 
cell. Cancer research 11: 3885-3890. 



117 

74. Ritzi, E. M., D. S. Martin, R. L. Stolfi, and S. Spie
gelman. 1985, Therapeutic effect reflected by plasma 
levels of a viral protein during combination chemo
therapeutic treatment of mammary tumor bearing mice. 
Cancer Res, 15: 5374-5378 

75. Ritzi, E, M,, D, S, Martin, and R, L, Stolfi, 1986. 
plasma levels of a viral protein during adjuvant 
treatment: Reflection of murine mammary tumor status 
and therapertic effect. Cancer Res, M: 2804-2809. 

76. Sarkar, N. H., and A, S. Dion. 1975. Polypeptides of the 
mouse mammary tumor virus 1. Characterization of two 
group-specific antigens. Virology M.'- 471-491. 

77. Sarkar, N. H., N. E. Taraschi, A. A. Pomenti, and A. S. 
Dion. 1976. Polypeptides of the mouse mammary tumor 
virus: identification of two major glycoproteins with 
the viral structure. Virology ^: 677-690. 

78. Sarkar, N. H., E. S. Whittington, J. Racevskis, and S. 
L. Marcus. 1978. Phosphoproteins of the murine mammary 
tumor virus. Virology .2L1: 407-422 

79. Schabel, R. M., D. P. Griswold, W. R. Laster, T. H. 
Corbett, and H. H. Lioyd. 1977. Quantitative evalu
ation of anticancer activity in experimental animal. 
Pharmacol. Ther. Part A 1: 411-435. 

80. Schochetman, G., C. W. Long, S. Oroszlan, L. Arthur, and 
D. L. Fine, 1978. Isolation of separate precursor poly
peptides for the mouse mammary tumor virus glyco-
poroteins and nonglycoproteins. Virology 33.'- 168-174. 

81. Sheffield, J. B,, and T. M. Daly. 1976. Extrinsic label
ing of MuMTV with a galactose oxidase-tritiated boro-
hydride method. Virology 2^: 247-250. 

82. Sheffield, J. B., and T. M. Daly., A. S. Dion, and N, 
Tarashi. 1977. Procedures of radioimmunoassay of the 
mouse mammary tumor virus. Cancer Res. 21- 1480-1485. 

83. Shyamala, G. 1973. Specific cytoplasmic glycocorticoid 
hormone receptors in lactating mammary glands. Bio
chemistry 12: 3985-3090. 

84. Smith, G. H., L. A. Arthur, and D. Medin. 1980. Evi
dence of separate pathways for viral and chemical 
carcinogenesis in C3H/StWi mouse mammary glands. Int. 
J. Cancer 2^: 373-379. 



118 

85. Spiegelman, S., R. Sawyer, R. Nayak, E. Ritzi, R. Stol
fi,^ and D. Martin. 1980. Improving the anti-tumor 
activity of 5-fluorouracil by increasing its incor
poration into RNA via metabolic modulation. Proc, Natl. 
Acad. Sci. U.S.A. 22: 4966-4970. 

86. Staff of Roscoe. B. Jacksdon Memorial laboratory. 1933. 
The ̂  existence of non-chromosomal influence in the 
incidence of mammary tumors in mice. Science 78: 
465-466. 

87. Tanaka, H., and D. H. Moore. 1967. Electron microscopic 
localization of viral antigens in mouse mammary tumors 
by ferritin-labeled antibody. Virology ̂ 2^: 197-214. 

88. Teramoto, Y. A., M. J. Puentes, L. J. T. Young, and R. 
D. Cardiff. 1974. Structure of the mouse mammary tumor 
virus; polypeptides and glycoprotiens. J. Virol. 13: 
411-418. 

89. Teramoto, Y. A., D. Kufe, and J. Schlom. 1977b. Type-
specific antigenic determinants on the major external 
glycoprotein of hogh- and low-oncogenic murine mammary 
tumor viruses. J. Virol, 2A? 525-533. 

90. Teramoto, Y, A,, and J., Scholm. 1979. Radioimmunoassay 
demonstrating type-specific and group-specific anti
genic reactivities for the major internal structural 
protein of murine mammary tumor viruses. Cancer Res. 
23.: 1990-1995. 

91. Timmermans, A., P. Bentvelzen, P. C, Hageman, and J. 
Calafat. 1969. Activation of a mammary tumor virus in 
020 strain mice by X-irradiation and Urethane. J.Gen. 
Virol. 1: 619-621. 

92. Topper. Y. J., and C. S. Freeman. 1980. Multiple hormone 
interactions in the developmental biology of the 
mammary gland. Physiol. Rev. M: 1049-1106. 

93. Van Nie, R. 1981. Mammary tumorigenesis in the GR mouse 
strain. In: Hilgers J, Sluyser M (eds.) mammary tumors 
in the mouse. Elsevier? North-Halland, Amsterdam, pp 
201-266. 

94. Verstraeten, A. A., R. Van Nie, H. G. Kioa, and P. C. 
Hageman. 1975. Quantitative estimation of mouse mammary 
tumor virus (MMTV) antigens by radioimmunoassay. Int. 
J. Cancer 15.: 270-281. 



119 

95. Witte, 0. N., I. L. Weissman, and H. S. Kaplan. 1973. 
Structural characteristics of some murin RNA tumor 
viruses studied by lactoperoxidase lodination. Proc. 
Natl, Acad, Sci, U.S,A, IQ.: 36-40. 

96. Yagi, M, J,, and R. W, Compans, 1977, Structural com
ponents of mouse mammary tumor virus 1. Polypeptides of 
the virion. Virology 2_£: 761-766. 

97. Yagi, M, J., N, W, King, and J. G. Bekiesi, 1980. Al
terations of amouse mammary tumor virus glycoprotein 
with interferon treatment. J. Virol. 21: 225-233. 

98. Yagi, M. J., F. Maldarelli, S. E. Chin, J. F. Holland, 
and J. G. Bekesi. 1986. Interference of mouse mammary 
tumor virus replication virus replication by PTT.119 
[p-Fluoro-1-Phe-m-bis-(2-chloroethyl)amino-L-Phe-Met e-
thoxy Hcl]-an anti tumor agent. J. Natl. Cancer Inst. 
23.: 493-501. 

99. Zangerle, P. P., C. M. Calberg-Bacq, C. Colin, P. Fran-
chemont, C. Francois, L. Gosselin, S. Kozma, and P. M. 
Osterrith. 1977. Radioimmunoassay for glycoprotein gp47 
of murine mammary tumor virus in organs and serum of 
mice and search for related antigens in human sera. 
Cancer Res. 32: 4326-4331. 

100. Zubrod, C. G. 1972. Chemical control of cancer. Proc. 
Natl. Acad. Sci. U.S.A. M: 1042-1047. 



PERMISSION TO COPY 

In presenting this thesis in partial fulfillment of the 

requirements for a master's degree at Texas Tech University, I agree 

that the Library and my major department shall make it freely avail

able for research purposes. Permission to copy this thesis for 

scholarly purposes may be granted by the Director of the Library or 

my major professor. It is understood that any copying or publication 

of this thesis for financial gain shall not be allowed without my 

further written permission and that any user may be liable for copy

right infringement. 

Disagree (Permission not granted) Agree (Permission granted) 

Student's signature udent's signature E / ^ ^ 

Date Date 

2-3 
T 




