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ABSTRACT

Although the growth response of Nb2 cells has been well documented,
little is known about those events which occur immediately following the
binding of a lactogenic hormone to these cells. Using scanning electron
microscopy it has been possible to document the rapid development of
ruffles and pseudopodia on an early response to lactogen stimulation.

The presence of c-oncogene transcripts is a common finding in
rapidly growing normal tissue and their malignant counterparts. As it
was originally thought that c-oncogene expression may be cell cycle
regulated, the possibility that the activation of one or more of these
genes may represent an early post-membrane event in the mitogenic
activation of Nb2 cells was examined.

The c-abl gene and the ras gene family mRNA were found to increase
between 6 hour and 9 hour post-lactogen treatment. This represents a
relatively late event and occurs just prior to these cells entering S
phase of the cell cycle. In contrast, an increase in c-myc transcripts
was observed within 15 minutes of hormone addition. The c~-myc
transcript mmber peaked within 3 hours and then slowly declined as the
cells progressed through Gl of the cycle. Removal of hGH after c-myc
levels had peaked was associated with a rapid decrease in c-myc
transcript levels and failure of the cells to proliferate. The dose
response was identical to the dose response observed for Nb2 cell
proliferation. These results indicate that lactogen induced Nb2 cell
proliferation and c-myc expression are quite closely linked.

Recent studies implicate an increased expression of c-oncogenes in

certain human malignancies. The screening of both benign and malignant

e



prostate tumor indicates that c-myc levels are significantly higher in

the malignant tumor. As well, the largest and most slow growing benign
tumors had the lowest levels of c-myc expression. These results
indicate that the evaluation of c-myc expression may provide information

about the growth characteristics of a particular tumor.
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INTRODUCTION

THE ORIGIN OF ONCOGENES

In 1910, Peyton Rous demonstrated the transmissibility
of sarcoma in fowl (1l). This first experimental evidence
for an oncogenic virus has become a prototype on which
virologists have based their search for oncogenes. In the
following 75 year, a viral etiology has been established for
a variety of neoplasms in domestic animals and at least
suggestive evidence exists for an etiologic role in human
cancers. With the advent of molecular cloning and DNA
sequencing techniques the fine structure of the retroviral
genomes and their corresponding oncogenes have been
deduced. These studies have resulted in the identification
of more than two dozen different oncogenes whose role in
both neoplastic transformation and normal development has
just now begun to be studied (2).

The retroviruses are characterized by a genome
consisting of two similar subunits of RNA ranging from 5 to
10 kilobases (Kb) in length. Expression of this genome
requires the conversion of the genomic RNA into DNA. This
feat is accomplished by the retroviral specific enzyme
reverse transcriptase (3). The viral DNA thus produced
(known as proviral DNA) becomes integrated into the host's
genome where cellular enzymes transcribe the wviral genes

and translate the viral mRNAs into proteins. The retroviral



genome although exceedingly small specifies all components
necessary for the assembly of new viral particles. Three
genes constitute the retroviral genome, the gag gene which
codes for the internal structural proteins; the pol gene
which encodes the segquence of the enzyme reverse
transcriptase and the env gene which specifies the protein
component of the glycoprotein viral envelope. A stretch of
repetitive nucleotide sequences referred to as an LTR (long
terminal repeat) flanks both the 3' and the 5'end of the
viral genome and is responsible for the promotion of the
expression of these dgenes. The presence of such controlling
elements enables the virus to direct the synthesis of large
quantities of viral mRNA and thus permit rapid viral
replication.

The life cycle of the retroviruses is unique in that
viral replication requires the interaction of the viral
genome and that of its host. The effect of the insertion of
proviral DNA in the host genome has been proposed to
subvert gene expression in a variety of ways that may
produce neoplasia. Firstly, the insertion of proviral DNA
may disrupt the integrity of a gene which is necessary for
maintaining the differentiated function of a cell,
Alternatively, the insertion of an active proviral genome
into an otherwise transcriptionally inactive domain may lead
to the inappropriate expression of cellular replicative

genes which may then cause uncontrolled growth. A third



possibility 1is that through a series of recombination
events a retrovirus may pick up and incorporate a gene with
oncogenic potential and transfer this gene to another host.

The first example of the existence of a transforming
gene carried by a retrovirus resulted from a series of
experiments with the Rous sarcoma virus. Through the use of
temperature sensitive mutants, Martin was able to
demonstrate that the transforming property of the Rous
sarcoma virus was attributable to a gene now known as src
{4). At lower temperatures the mutated src gene is
expressed and brings about the transformation of host cells
(5). An increase in temperature inactivates the src gene
and the transformed cells revert to their normal phenotype.
With the mnore recent development of gene transfer
experiments it has been demonstrated that the isolated src
gene itself can be inserted into cells, expressed and
translated into protein with the result that transfected
cells undergo malignant transformation (6).

Using an entirely different approach to isolate genes
with oncogenic potential, Weinberg's group (7) and
Cooper's group (8) have developed a method of transfecting
cells with DNA from primary tumors. The DNA from normal
cells was unable to transform 3T3 cells whereas DNA from a
variety of both human and animal tumors was found to
demonstrate this capability. Subsequent studies revealed

that the same oncogenes are active in similar tumors in a



variety of species . The most startling finding from these
types of experiments was that the transforming gene of a
human bladder carcinoma is homologous to the transforming
gene of the Harvey rat sarcoma virus (Ha-ras), (9,10). This
observation has been confirmed several times with a
variety of primary tumors indicating that the number of
active oncogenes is relatively small, perhaps numbering no
more than several dozen.

The high incidence of retroviral infection among many
species coupled with the oncogenic potential of many
retroviruses led Todaro and colleagues to suggest that
oncogenes may lie unexpressed in all normal tissues and
that activation of these oncogenes may result in the
development of neoplasia (11). DNA probes made from viral
oncogenes were utilized to search for oncogene related
sequences in the tissue of host animals. With one
exception, the oncogene of the Focus Forming Virus in mice,
it has been found that genes homologous to the retroviral
oncogenes are present in their host genomes (12).
Furthermore, these cellular homologs or cellular oncogenes
are highly conserved through evolution from yeast to man
(13) .

Several lines of evidence indicate that the retroviral
oncogenes originally arose from cellular genes. The viral
oncogenes are not required for viral replication. The

original Rous sarcoma virus is exceptional in that all



other retroviruses containing oncogenes are in fact
replicative defective and require the presence of a helper
virus in order to reproduce. This would indicate that the
presence of an oncogene would carry with it a loss of
selective advantage. The intron-exon structure of the
cellular oncogenes more closely resembles the expected
eucaryotic gene organization rather than the retroviral
gene. Further support of this idea arose from the
observation that sequence conservation amongst various
species is higher than that observed between the viral and
cellular counterparts.

The ubiquitous nature of these cellular oncogenes or
proto- oncogenes underlines the importance of these genes as
they have been shown to be expressed in a variety of normal
tissues (12). The high degree of phylogenetic conservation
of these genes coupled with their tissue specific patterns
of expression during both c¢ellular growth and
differentiation suggest the retroviruses have now provided
us with a unique set of tools with which to investigate the
growth and development of both normal and malignant cells

at the molecular level.

THE STRUCTURE AND FUNCTION OF CELLULAR ONCOGENES

The structure of most cellular oncogenes is reminiscent
of the variety of primary structures found in most unique

copy genes. Cellular oncogenes exhibit classical Mendelian



loci and maintain constant positions within the genome of a
given species (14). They range in size from a few Kb to
more than 20 Kb (15,16). The numbers of introns present
ranges from none in the case of c-mos to more than 12 as
found in a murine sarcoma virus (17).

While only minor variation in the structure of cellular
oncogenes from species to species is the general rule,
variation of gene copy number has been noted. The mnyc
oncogene family is now known to comprise at least three
members. The c-myc gene is known to be expressed in most
dividing cells while the N-myc gene appears to be
restricted to tissues derived from the neural ectoderm
(18,19). A third menmber of this family, L-myc has been
detected only in small cell carcinoma of the lung (20). In
the case of the c-myc oncogene a single copy is found in the
chicken while four loci have been described in man (21).
While one of the human c-myc genes is quite similar in
structure to chicken c-myc the other human loci appear to
represent incomplete copies of the gene and are of no known
functional significance (22). In the case of the chicken
src gene, 2 loci have been described (23). Two distinct src
proteins have been described in man, however it has not yet
been determined whether these are the products of 2
distinct genes (24).

The ras family of oncogenes is thought to have evolved

by the duplication of a single ancestral gene. To date 2



distinct cellular oncogenes have been identified by viral
transduction from the Harvey strain of murine sarcoma virus
(Ha-ras) and the Kirsten strain (Ki-ras) while a third
cellular oncogene designated N-ras has been isolated from a
neuroblastoma cell line (25). In the rat genome 2 loci for
the Ha-ras have been identified (26). The c¢-~rasH-2 is
colinear with the viral ras gene while the other gene
designated c¢-rasH-1 contains 3 introns. It has been
demonstrated, using an SV-40 expression vector that the
mRNA transcribed from the c-rasH~2 gene has a post-
transcriptional defect which precludes translation into the
p21 protein product (25).

The cellular gene homologous to the Xirsten sarcoma
virus has been isolated and found to contain 2 loci (27).
The locus designated c-rasK-2 contains 3 introns is more
than 45Kb in length and is thought to be the functional
gene. The intronless c¢-rasK-1l gene which contains several
termination codons is unable to produce the p2l1 protein
product.

Two members of the ras gene family occur in a
substantially amplified form. The Ha-ras gene has a copy
number of 10 in the rodent M.pohari while the Ki-ras gene
is present in at least 8 <copies in the Chinese hamster
(28) . Neither the mechanism of amplification nor the reason
for this relatively late evolutionary divergence is known.

While the Harvey and Kirsten members of the ras gene



family appear to be only distantly related at the
nucleotide level the p21 protein product encoded by these
genes demonstrates 85% homology (29,30). Explanation of
this duplication phenomena is further complicated by
unexpected similarities between several gene families.
Comparison of the cellular oncogenes src,yes and fps/fes by
nucleic acid hybridization suggested that these oncogenes
were not related . The amino acid sequence predicted from
these individual genes however, demonstrates a striking
similarity in structure particularly at the carboxy terminal
(31) . These regions of homology occur in the region of the
src protein (pp60) which comprises the functional domain of
the tyrosine-specific protein kinase activity associated
with this protein (32). These findings indicate that
several gene families may belong to a superfamily of genes
which has arisen from a single ancient lineage (33).

The determination of the biochemical function of most
cellular oncogene products has been a difficult task
secondary to the relatively low level of these proteins.

Initial studies utilizing antibodies produced against

synthetic peptides have determined the sub-cellular
location of several oncogene products. Functional
correlations of these proteins are just now beginning to

emerge. The product of the src gene has been located on the
cytoplasmic side of the cell membrane where it appears to

be concentrated in adhesion plaques that are responsible



for the attachment of cultured cells to their substratum
(34,35). Following its synthesis the src protein becomes
associated with two proteins in the cytoplasm as it travels
to the cell membrane. One of these proteins has been
identified as a major heat-shock protein while the other may
itself be a substrate for the phosphorylating activity of
src (36, 37). Upon insertion into the cell membrane the src
protein the first time since its synthesis displays
tyrosine- specific kinase activity (34). A 36 K4 protein
associated with the <cell membrane has been identified

although the function of this phosphorylated protein

remains obscure (38). While the src protein itself is
rhosphorylated, the significance of this observation is
unclear. Point mutations introduced into the gene

(resulting in the conversion of the tyrosine residue at
position 415 to phenylalanine) prevented phosphorylation at
this site but did not alter the transforming ability of the
src protein (39).

The role of phosphotyrosine in normal cell function is
obscured by the observation that the majority of
phosphoproteins are phosphorylated at either serine or
threonine residues and in fact phosphotyrosine has been
reported to constitute only about 0.01% of all
phosphoamincacids in normal cells (40). In spite of this
low abundance at least 7 tyrosine-specific kinases have been

identified among the cellular oncogenes. It has been



suggested that phosphorylation of tyrosine residues may be
an important biochemical step in several developmental
pathways each of which is regulated by an independent
enzyme system (12).

Another group of oncogenes has been identified based on
the tendency of their protein products to accumulate in the
nucleus. This group consists of myc and myb both of which
are prominently expressed in hemopoietic tissue (41). A
third oncogene fos has been found in a variety of
embryological structures where it may play a role in
development and differentiation (42). While the function of
these gene products has not yet been determined, it seens
likely that they may interact with the nucleoprotein matrix
and thus be responsible for the regulation of certain
functional domains in the genone.

The ras gene family encodes for a protein designated as
p21 which has been found to bind the guanine nucleotides
GITP and GDP (43). In addition, p21 has been shown to have
autophosphorylating activity of a unique nature in that GTP
is the phosphoryl donor (44). It has been demonstrated that
the ras oncogene obtained from a bladder carcinoma is able
to transform NIH 3T3 cells, while similar DNA fragments
from normal cells do not possess this activity. Subsequent
sequencing of these DNA fragments revealed that they are
identical with the exception of a single nucleotide

substitution at position 12 which results in the
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substitution of valine for glycine (45). A series of
additional experiments indicates that an alternate site of
mutation exists at position 61 where leucine substitutes for
the normal glutamine residue (46). Whether or not these
substitutions result in a structural change as is observed
in the single amino acid mutation found in the sickle cell
anemia is currently under investigation.

The recent discovery of genes homologous to ras in
yeast has permitted the well developed mutational tools of
the yeast geneticists to be utilized in the investigation
of the biochemical function of the p2l protein (47). Yeast
has been found to contain two closely related genes
designated as rasl and ras2 which are about 90% homologous
to the mammalian ras at the protein level (48). This
homology however is found primarily at the amino terminus.
Mutations which disrupt both the RAS1 and RAS2 genes are
lethal while mutation of either gene alone is not, which
suggests that one gene product may substitute for the other
(49) . The introduction of the human Ha-ras locus into yeast
with a 1lethal mutation of both RAS genes was effective at
restoring wviability to about 40% of the yeast spores (50).
Another study has demonstrated that like its mammalian
counterpart the yeast RAS is capable of binding guanine
nucleotides (51).

The CYR1 mutant in yeast is deficient in adenyl cyclase

activity and resembles strains with disruptions of both rasl

11



and ras2. Both the CYR1 mutant and the strains with the
disrupted ras genes will grow in the presence of a BCYl
mutation which is deficient in the regulatory sub-unit of a
cyclic AMP dependent protein kinase (52). The absence of
the ras genes has an effect on yeast which is similar to
that observed when there is a reduction of adenyl cyclase
activity. As other guanine binding proteins have been shown
to influence the activity of adenyl cyclase it has been
suggested that the ras genes may provide a source of GTP
which may stimulate this enzynme.

Constructs of the ras gene to produce the valine to
glycine substitution at position 19 are equivalent to those
seen in the Ha-ras mammalian p2l1 at position 12. This
mutation results in levels of cyclic AMP which are 4-fold
higher than normal as well as increased GTP activity which
in turn stimulates adenyl cyclase (52). The mutant ras2
protein which is analogous to the transforming p2l of the
mammalian system stimulates adenyl cyclase resulting in
increased levels of cyclic AMP.

The most promising new insights into the function of
oncodgenes in mammalian systems have arisen from the rapid
accumulation of information 1linking oncogene products to
growth factors and their receptors. Homology between the
sis oncogene of the simian sarcoma virus and one of the two
peptides of platelet- derived growth factor (PDGF) was the

first evidence 1linking growth factors with oncogene
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products (53). More recently, it has been demonstrated
that glucocorticoids inhibit the growth of the androgen
responsive cell line DDT1MF-2 and that these cells will re-
enter the growth cycle upon addition of PDGF (54).
Subsequently it has been demonstrated that the inhibition
of cell growth by glucocorticoids correlates with an
inhibition of the transcription of c-sis mRNA sequences
(55) . These results have led the authors to speculate that
an autocrine mechanism of growth is important in this cell
line. This would be the first exanmple of autocrine
regulated growth involving an oncogene product.

The next example of a growth factor related oncogene to
emerge was that of erb B, the avian oncogene which causes
erythroleukemia in chickens. Sequence data of this gene
demonstrated some areas of homology with the src oncocgene.
However, with the sequencing of the epidermal growth factor
(EGF) receptor it became apparent that 6 of 14 peptides
associated with the EGF receptor are homologous to the erb
B oncogene with 74 of 83 amino acids being identical (56).
The authors conclude that the erb B represents only a
portion of the EGF receptor gene and point out that it may
represent a different albeit highly related gene. The erb A
gene, the second oncogene associated with the avian
erythroblastosis virus, produces a protein which is not
oncogenic itself but which is Xxnown to increase the

oncogenicity of erb B. Recent studies indicate that c-erb A

13



belongs to a multigene family several members of which
share extensive homology with both the glucocorticoid
receptor and the estrogen receptor (57, 58). This homology
is most striking in a cysteine-rich region of the
respective proteins which suggests the presence of a shared
functional domain. More recently, the c-erb A has been
demonstrated to have homology to the progesterone receptor
(58), the vitamin D receptor (60), and the thyroid hormone
receptor (59).

Regulation of the hemopoietic system is accomplished
by a complex interaction between a variety of growth
factors and hormones. One such growth factor referred to as
colony stimulating factor 1 (CSF-1) stimulates
hematopoietic precursor cells to form colonies of
mononuclear phagocytes (61). Recent studies indicate that
the receptor for CSF-1 is similar to if not identical to
the product of the c-fms proto-oncogene (63). The
distribution of c-fms, its associated tyrosine kinase
activity and its ability to bind CSF-1 all indicate a close
functional relationship between the CSF-1 receptor and c-
fms. The gene for c-fms has been localized to the long arm
of chromosome 5 in man (63). This segment of chromosome 5
is deleted in a hematologic disorder referred to as the
"5g-syndrome" which often progresses to myelogenous
leukemia (64). Perturbation of the structural gene, coding

for a receptor or c-oncogene product, is associated with and
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may be involved in malignant transformation.

Demonstration that the CSF-1 receptor and c-fms are
identical awaits the complete sequencing of both molecules.
One possibility is that this relationship may parallel that
observed with the v-erb B gene and the EGF receptor. The v~
fms gene may lack the CSF-1 binding domain of the receptor
while encoding the intracellular tyrosine kinase domain .
Alternatively the v-fms gene may encode the competent CSF-1
receptor and may deliver this to fibroblasts which normally
produce CSF-1 but lack the receptor. This may produce
sarcomas with an autocrine loop similar to that described

with the product of the c-sis oncogene (55).

ONCOGENES IN HUMAN MALIGNANCY

The fact that most human malignancies do not seem to
result from the infection of the host by an acutely
transforming virus, as is so often the case in 1lower
mammals, has made identification of transforming genes
difficult. As previously mentioned, Weinberg and Cooper
developed a transfection technique whereby the DNA from
human tumors was used to transform murine 3T3 cells. This
led to the discovery that a transforming gene homologous to
the v-ras was present in these tumors.

The expression of a variety of c-oncogenes has been
described in most of the more common human malignancies and

often several different oncogenes are found in the same
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individual tumor (65). Both quantitative and qualitative
changes 1in the normal cellular oncogenes have been
implicated in malignant transformation.

The most thoroughly studied oncogene is c-myc in human
lymphoid neoplasms (66). In Burkitt's lymphoma the
translocation of the c-myc oncogene is from the long arm of
chromosome 8 to the immunoglobulin heavy chain locus on
chromosome 14, and less commonly the light chain locus on
chromosome 22 (67). This translocation results in the
increased expression of c-myc in these active domains. The
sites of translocation of c-myc into the immunoglobulin
locus is imprecise and unfortunately has not yielded any
clues as to which regions of either the c-myc gene or the
immunoglobulin gene are involved in the enhancement of
expression of these genes.

A study on the levels of c-myc expression in more than
100 fresh hematologic neoplasms indicates elevated levels
of c-myc mRNA in approximately 20% of the cases examined
(68). Elevated levels of c-myc expression have also been
identified in a number of solid tumors including carcinoma
of the stomach, colon ,breast and in small cell carcinoma
of the lung (69-72). Although amplification of the c-myc
gene is observed in some of these tumors, in the majority
of cases elevated levels of c-myc mRNA are associated with
a normal gene dosage.

A single point mutation within the coding region of the
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c-Ha-ras gene in the T24 bladder carcinoma results in a
single amino acid substitution which confers transforming
activity to the gene product. Using antisera specific for
the p2l protein product of the c-Ha-ras gene the level of
the p2l1 protein has been quantitated in benign polyps and
in adenocarcinoma of the colon (73) . The levels of p2l were
found to be higher in the adenccarcinoma and correlated
with the depth of invasion of these tumors. It remains to
be seen whether levels of p2l1 will correlate with the
metastatic potential of a particular tumor.

Further evidence for the involvement of c-oncogenes in
human malignancies comes from the study of chronic
granulocytic leukemia. About 90% of patients with this
disease exhibit the presence of the Philadelphia chromosome
which is a chromosome 22 with the deletion of both long
arms that are then translocated to chromosome 9. The
formation of this chromosome also results in the
translocation of the c-abl gene from chromosome 9 to 22
(74) . Of particular interest is the existence of variable
forms of this disease where the long arms of chromosome 22
are translocated to another autosome. In these cases the
c-abl gene is still translocated from chromosome 9 to 22
(75) . While the functional significance of these
rearrangements remains to be determined it seems likely
that the consistent involvement of the c-abl gene which is

known to be expressed in a number of hematologic
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malignancies is important in the etiology of this disorder.

THE Nb2 TLYMPHOMA CELIL LINE

The Nb2 cell line was originally derived from a lymph
node of an estrogenized male Noble rat. Preliminary
studies indicated that this 1lymphoid cell 1line was
dependent on the presence of pituitary derived factors for
growth (76). Further studies demonstrated that any known
lactogenic hormone would support the growth of these cells
(77) . As the mitogenic effect of lactogenic hormones
occurs at physiological concentrations the Nb2 cell 1line
has been subsequently utilized as a sensitive bioassay for
lactogens (78).

Studies on the receptor mediated mitogenic action of
prolactin in Nb2 cells indicates that there are
approximately 12,000 receptors per cell and that maximal
growth stimulation occurs with only 35% occupancy of these
sites (79). This same study also described the dissociation
constant of prolactin receptors and found it to be 75 mmol
or some 20-fold higher than the receptors in other tissue
types. Additional experiments of action of prolactin in
these cells indicate that internalization of the prolactin-
receptor complex is not necessary for the mitogenic effects
of prolactin.

The development of the Nb2 cell bioassay has permitted

the quantitation of prolactin biocactivity in a variety of
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normal and pathological states. With few exceptions the
serum prolactin concentration as determined by radio-
immunoassay correlates well with the value obtained by the
Nb2 biocassay (80). While it appeared that the Nb2 cells had
an absolute requirement for the presence of a lactogenic
hormone for growth, several recent studies suggest that
additional ligands may influence the proliferation of these
cells. As a variety of phorbol-esters are known to
influence the proliferation of lymphocytes, Gertler et al
(81) investigated the effect of TPA on the proliferation of
Nb2 cells. No effect on cell proliferation was observed when
TPA alone was added to stationary cultures of Nb2 cells. A
maximal enhancement of 25% in the proliferation rate was
obtained when 20 nM TPA was added with various amounts of
hGH. The addition of hGH to Nb2 cultures results in an
increase in the rate of transition of cells from Gl to S
phase of the cell cycle, and an increase in the number of
cells entering this transition phase. The addition of TPA
to this system enhanced all these effects although the
most dramatic effects were seen at the lower end of the hGH
dose response curve. The authors conclude that these
effects were mediated at a post-receptor level as the
binding of hGH to the Nb2 cells is not affected by the
presence of TPa,

The observation that parallel dilutions of serum and

prolactin standards was associated with a greater

i9



enhancement of cell proliferation in the serum samples
suggests the presence of additional factors in serum which
may influence the bioactivity of prolactin in the Nb2 cell
assay. Studies by McNeiily and c¢olleagues indicate that a
heat stable serum factor of greater than 8000 daltons may
be responsible (82). This as yet unidentified factor has
no intrinsic growth promoting activity itself and the
authors suggest that it may act in a manner similar to
insulin in this systen.

Recently, the Nb2 cells which were originally thought
to be dependent on the presence of lactogenic hormones
exclusively for growth, have been shown to proliferate in
the presence of the lymphocyte mitogen interleukin-2 (83).
This proliferative response to interleukin-2 occurs over a
similar concentration range as the proliferative response
to lactogenic hormones (200pg-2.0ng/ml). While the
mechanism of growth stimulation is not well understood,
studies with growth hormone antagonists indicate that
interleukin-2 does not act through the lactogenic receptor
on Nb2 cells (84). In contrast to the enhancement of the
proliferative response to prolactin observed with the
addition of TPA an inhibition of interleukin-2 stimulated
Nb2 cell growth results from the presence of TPA. These
results indicate that a variety of growth factors nay
trigger the proliferative response in Nb2 cells by at least

two separate and distinct pathways.
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Studies on the mechanism of action of lactogen induced
proliferation of Nb2 cells indicate that lactogen-deprived
growth arrested Nb2 cells have very low levels of activity
of a number of proliferation associated enzymes. Following
the addition of a lactogen to quiescent Nb2 cultures, a
rapid induction of both ornithine decarboxylase (0ODC) and
S-adenosyl methionine decarboxylase (SAM) occurs (85).
Similar increases in ODC activity resulted from the
transfer of high density cultures to fresh medium (87)
indicating that the rapid induction of this enzyme system
was not in itself sufficient to produce cell
proliferation. The observation that specific inhibitors of
polyamine synthesis ,such as difluoromethyl-ornithine, also
inhibit cell growth suggests that polyamines are required
but not sufficient for Nb2 cell proliferation.

The role of protein phosphorylation in the mitogenic
response to lactogens has recently been explored. Two
proteins (designated as pp33 and ppl?) have been identified
which become phosphorylated following prolactin stimulation
of Nb2 cells (87). The pp33 is maximally phosphorylated 1
to 3 hours after hormone addition, while phosphorylation of
the ppl9 is maximal at 7 to 9 hours. The increased
incorporation of labeled methionine into both the pp33 and
the ppl9 following oPrl treatment indicates that both
increased synthesis of these proteins and their subsequent

phosphorylation may be important steps in lactogen induced
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cell proliferation.

Recent studies have implicated a role for the membrane
bound Na/H+ antiport system in the regulation of cell growth
(88, 89). 1In the cases of both hGH stimulation (90) and TPA
treatment (91), activation of the Na/H+ antiport system in
Nb2 cells is observed within 4 minutes. The TPA treatment
caused a significant H' efflux but did not result in cell
proliferation. These results indicate that activation of
the Nas/ut antiport system is not in itself sufficient to
induce Nb2 cell proliferation.

The Nb2 lymphoma cell culture system is well suited to
the study of the mechanism of hormone action. A consistent
growth response to physioclogical concentrations of
lactogenic hormones coupled with the large sample size
obtainable using suspension culture techniques permits the
systematic study of those factors which interact to produce

cell proliferation.

OBJECTIVES

While a large number of tumor-associated genes have
recently been described, little is known of the role of
these gene products in cell proliferation. The Nb2 cell
line provides an excellent system with which to examine the
relationship between mitogen binding, gene expression and
cell growth. Studies to further characterize the phenotype

of the Nb2 lymphoma cells will provide a framework for
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studying the biological response of these cells.

The prostate gland is influenced by a variety of
hormones including the lactogenic hormone, prolactin. As
prostate cancer is often a hormonally responsive tumour, the
expression of the c-myc oncogene in a number of these tumors

has been undertaken.
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MATERIALS AND METHODS

CELL CULTURE

The Nb2llc clone (81) of the Nb2 rat lymphoma cell line
was utilized for all gene expression experiments. The
originally described Nb2 cell line (77) was used for all
cytochemical studies. Both cell lines were grown in
Fischer's medium for leukemic cells of mice supplemented
with 10% horse serum, 10% fetal calf serum, 0.1 mM 2-
mercaptoethanol, penicillin (50 units/ml), and streptomycin
(50 ug/ml). cCultures were maintained in 1-litre spinner
flasks (Bellco Glass Co.) in a 5% C0,-95% air atmosphere at
37°C. For all experiments involving hormonal stimulation,
Nk2 cells were centrifuged and resuspended in the above

described growth media minus the 10% fetal calf serum

supplement. Experiments were carried out at cell
concentrations of 5x10° - 1x106/ml unless otherwise
indicated.

For experiments involving serum free culture
conditions, Nb2 cells were growth arrested in Fischer's
medium containing BSA Fraction V (0.8%) and transferrin
(50ug/ml) for a period of 24 hours. Both the human growth
hormone and the anti-sera to hGH were produced in the
Protein and Polypeptide Hormone Laboratory, University of

Manitoba.
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DETECTION OF SURFACE IMMUNOGLOBULIN BY INDIRECT

IMMUNOFLUORESCENCE,

Rabbit anti-rat IgG, goat anti-rat IgA, sheep anti-rat
IgE and rabbit anti-rat IgM were purchased from Miles
Laboratories. Fluorescein conjugated second antibodies were
obtained from Cappel Laboratories and Cedar Lane
Laboratories.

The Nb2 cells (original Nb2 cell line) growing in log
phase were gently centrifuged at 1,500xg and prepared as
described previously (92). These cells were rinsed 3 times
in Hank's salt solution and then incubated with the primary
anti-sera for 30 minutes at room temperature. Following 3
thorough rinses with Hank's salts, the fluorescein
conjugated second antibody was added and allowed to
incubate for another 30 minutes. Following 3 additional
rinses, the cells were examined under a fluorescence
microscope and photographed. As a positive control for all
surface immunoglobulins, a suspension of cells prepared from

normal rat spleen cells was used.

INTRACELLULAR ENZYME STUDIES

Pararosaniline hydrochloride and -naphthyl acetate
were purchased from Sigma Chemical Co. Rabbit antiacp25
—human muramidase was obtained from Cedar Lane ILaboratories
and a terminal transferase immunofluorescence assay kit was

purchased from Bethesda Research Laboratories.
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Cells were examined for alpha-naphthyl acetate esterase
activity by a method described previously (93). Briefly,
cells were rinsed 2 times in Hank's salts and cytospin
preparations were made. Cells were then fixed for 10

minutes in a formaldehyde/calcium buffer (70 mmol CaCl2 and

4.0% formaldehyde). The slides were then rinsed for 30
minutes in distilled water. A solution of a=-naphthyl

acetate (5mM), sodium nitrate (15mM), pararosaniline (4mM)
and sodium fluoride(2 drops of a 0.1M solution) was then
used to incubate the cells for 30 minutes. Following a
rinse in distilled water the cells were stained with 2%
agueous dgreen. Isolated rat spleen cells and thymocytes
were used as a positive control.

Muramidase activity in Nb2 cells was examined after
acetone fixation (92). The cells were washed in Hank's
solution twice and cytospin preparations were made.
Endogenous peroxide activity was dquenched by incubating
cells with 3% hydrogen peroxide for 10 minutes. Non-
specific background binding was reduced by incubating cells
with normal swine serum at room temperature for 30 minutes.
Next, the cells were incubated with rabbit anti-human
muramidase at room temperature for 30 minutes. Following a
rinse in Tris HCl (pH 7.4) buffer the PAP complex was
diluted 1:50 and applied to cells for 30 minutes. After
rinsing the slides for 30 minutes in Tris HCl (pH 7.4)

buffer, diaminobenzidine (2.3 mM) was added for a 10 minute
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incubation period. Cells were placed in copper sulphate
(0.5%) and then counter-stained in Harris's hemalun.
Slides were dried and permanent mounts made.

The activity of TdT was determined in a manner similar
to surface immunoglobulins using a Bethesda Research
Laboratories TdT immuno-fluorescent kit (93). Cytospin
preparations of Nb2 cells were fixed in methanol for 30
minutes. Slides were rinsed with PBS (pH 7.4) and then
incubated with rabbit anti-bovine TdAT for 30 minutes.
Following 3 rinses with PBS, cells were incubated with
fluorescein conjugated goat anti rabbit IgG for 30 minutes.
Slides were again rinsed, a wet mount was prepared and
viewed under a fluorescent microscope. Rat thymocytes were

used as a positive control.

GUINEA PIG ERYTHROCYTE ROSETTE-FORMING TECHNIQUE

Trunk blood was obtained from normal guinea pigs and
collected in heparinized tubes. Blood sanmples were
centrifuged and the red cells separated using a ficoll
gradient, washed twice in phosphate buffered saline and
then diluted 1:200. The Nb2 cells were rinsed in a similar
manner and resuspended in PBS and 10% fetal calf serum at a
concentration of 5x106/m1.

Next, 0.1 ml of Nb2 cells was added to 0.1 ml of guinea
rig erythrocytes and incubated for 5 minutes at 37° c.

This mixture was then centrifuged at 1500xg for 3 minutes,
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the majority of the supernatant was removed and the cells
were resuspended in the remaining volume and a wet mount
was prepared. At least 200 cells were counted and all
cells binding 3 or more erythrocytes were considered
positive (94). Thymocytes prepared from 4-week old

Sprague-Dawley rats were used as a positive control.

TRANSMISSION ELECTRON MICROSCOPY (TEM)

Log phase growing Nb2 cells were centrifuged at 1500xg
and stained with osmic acid and then prepared according to
the method of Spurr (95). Sections were examined and
photographed using a Phillips Model 301 electron
microscope. (The processing of these samples was done in
the laboratory of Dr. Ian Adamson, Department of

Pathology.)

SCANNING ELECTRON MICROSCOPY (SEM)

Nb2 cells at various times following stimulation by hGH
were allowed to settle on poly-lysine coated cover slips.
Samples were then fixed and processed for SEM (96). The
cells were examined using a JSM-35¢c Scanning Electron
Microscope. (Processing of samples was done in Dr. Bruni's

Laboratory, Department of Anatomy)

RNA EXTRACTICON

All tissue samples and cultured cells assayed for
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specific mRNAs were quickly frozen on dry ice or in a dry
ice/ethanol bath and then stored at -70°C prior to RNA
extraction. Total RNA was extracted by modification of the
method described by Rutter and colleagues (97).

The Nb2 cells, isolated thymocytes and isolated spleen
cells were added to 10 volumes of 4M guanidinium
isothiocyanate, 5 mM sodium citrate (pH 7.4), 100 mM 2-
mercaptoethanol. This solution was mixed thoroughly using a
l0ml pipette. The homogenate was layered on a cushion of
5.7M cesium chloride in 100mM EDTA (PH 7.4) in a
polyallomer tube which was centrifuged using a Beckman
SW50.1 rotor at 35,000 rpm for 12-16 hours. Following
centrifugation the supernatant and the cesium cushion were
carefully aspirated and the total RNA pellet adherent to the
bottom of the tube was dissolved in 200-400 ul of dd H20.
Sodium chloride was added to a final concentration of
0.25M. Two volumes of 95% ethanol were added and the
samples were allowed to precipitate overnight at -20°c.
Prior to electrophoresis precipitated RNA was centrifuged
at 10,000xg and redissolved in dd H20. The concentration of
RNA was determined using a UV  spectrophotometer and the
ratio of absorbance at 260 nm and at 280 nm was determined.
A ratio of greater than 1.8:1 indicated the presence of
nucleic acids free from protein contamination.

Total RNA was prepared from various animal tissues

using the guanidinium solution described above with the
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addition of 0.1% anti-foam A (Sigma). This mixture was
homogenized using a Waring blender for about 90 seconds.
The samples were centrifuged for 10 minutes at 3000xg in
order to pellet insoluble connective tissue. The resulting
supernatant was layered on a cesium cushion and processed

as described above.

PURIFICATION OF POLY (A+) RNA

Total RNA, at a maximum concentration of 1.0 mg/ml was
mixed with Tris HCl (pH 7.4) (final concentration 0.01 M)
and EDTA (final concentration 1.0 mM). This solution was
heated in a boiling water bath and quickly cooled on dry
ice/ethanol. Potassium chloride was added to a final
concentration of 0.5 M and this denatured total RNA
solution was then applied to an o0ligo-dT cellulose column
(Collaborative Research) as described previously (98).
Following binding of the poly (A+) RNA in this high salt
solution, it was eluted using the above mentioned buffer
without the potassium chloride. These low salt conditions
preclude the binding of poly (A+) sequences of the mRNA
molecules to the oligo-dT cellulose. The poly (A+) RNA thus
eluted was monitored using a UV absorbance monitor (ISCO)
and precipitated using 2 volumes of 95% ethanol and 0.20 M

sodium chloride.
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NORTHERN BLOT ANALYSIS

Denaturing agarose gels (1%) were pPrepared by
dissolving agarose in boiling dd H20 allowing this solution
to cool to 60°C and then adding 5x gel buffer and 38%
formaldehyde to produce a final concentration of 1x buffer

and 2.2 M formaldehyde.

5X Gel Buffer Sample Buffer

0.2 M MOPS (pH 7.0) RNA 4.5ul

50 mM sodium acetate Bx gel 2.0ul

5.0 mM EDTA formaldehyde 3.5ul
formamide 10.0ul

The RNA samples were prepared as indicated above, with
a maximum of 20 ug/sample. This mixture was incubated at
55°C for 15 minutes. Next, 2 ul of a loading buffer ( 50%
glycerol, 1 mM EDTA, 0.4% bromophenol blue and 0.4% xylene
cyancl) was added to the sample. These samples were loaded
on a 1% agarose gel and electrophoresed at 20 mA for 14 to
16 hours.

Following electrophoresis the RNA was transferred to
either nitrocellulose filters (99) or to DBM paper (100).
The agarose gel was placed on several sheets of Whatman
filter paper saturated with 20x SSC (3 M sodium chloride
and 0.15 M sodium citrate). A sheet of nitrocellulose
paper (Schleicher and Schuell) was placed over the gel and

in turn covered by a layer of paper towels. The 20x SSC
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moves through the gel by capillary action and transfers the
RNA from the gel to the nitrocellulose paper. The transfer
is complete in about 6 hours. During this time the sheets
of Whatman filter paper is kept saturated with 20xSScC.
Following the transfer,  the nitro-cellulose is baked at
80°C for 3 hours in a vacuum oven. The baked filter is then
stored dry at room temperature until use.

Alternatively, RNA samples were transferred to DBM
paper to which they are covalently bound (100). The
activation of ABM paper to its diazotized form (DBM) is
accomplished by soaking a sheet in 125 ml of ice cold 1.2 M
HCL containing 3.0 mg of sodium nitrate for 30 minutes.
Following several washes in acetone the DBM paper was
placed on top of the RNA gel as described above for the
nitrocellulose transfer. A solution of sodium acetate (0.3
M, ©pH 4.0) was used as the buffer during the transfer.
Following a transfer of at least 6 hours, the DBM paper was
stored at 4°C until use.

For all RNA gels, outside lanes containing either RNA
or DNA molecular weight markers were removed following
electrophoresis, stained with ethidium bromide (0.5 ug/ml)

and visualized on a UV transilluminator.

NICK TRANSTATION OF cDNA PROBES AND HYBRIDIZATION

Various cDNA probes (Table 3) were labeled with 32p

using a nick translation kit supplied by Amersham. For
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each nick translation 0.1 ug of cDNA probe was labeled
using 15 uCi of 32p alpha-dCTP (specific activity 400
Ci/mMol) per reaction. This resulted in the labeling of a
probe with a specific activity of approximately
1x108dpm/ug. Following this reaction, the labeled cDNA was
separated from the free nucleotides on a small G-100
Sephadex colunmn. Before hybridization, the cDNA probe was
heat denatured at 1oo°c and quickly cooled on dry
ice/ethanol.

Prior to hybridization Northern blots were pre-
hybridized for at least 2 hours in hybridization buffer at

the appropriate temperatures.

Nitrocellulose

Hybridization DBM Paper Hybridization

6XSS8C, 5x Dendardt's 50% formamide, 0.1% SDS,
0.6M NacCl

0.1% SDS, 50ug/ml SS DNA 80mM Tris (pH 7.8), 4mM
EDTA,

50 ug /ml SS DNA
After pre-hybridization in 3-5 ml of the appropriate buffer,
5x10° DPM of 32p-labeled cDNA was added to each ml of
hybridization solution. The sealed plastic bags containing
the Northern blots were then hybridized overnight at 42°c
(DBM blots) or 65°cC (nitrocellulose blots). Post
hybridization, both the DBM and nitrocellulose blots were

rinsed 3 times in 2xSSC and 0.1% SDS at room temperature
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followed by 2 rinses in 0.2xSSC and 0.1% SDS each for 15
ninutes at 65°c. The blots were then covered with Saran
wrap and autoradiographs were exposed using an enhancing

screen (Quanta 111) at -70°c.

QUANTITATION OF mRNA TRANSCRIPTS

Autoradiograms produced from Northern Gel analysis were
scanned using a BioRad densitometer (100). The area under
the curve of the densitometer tracing was determined using
a digitizing tablet (Hewlett Packard). In certain
experiments where the RNA samples to be compared were too
numerous to be electrophoresed on a single gel, at least 2
internal standards were included for comparison on each gel.
A ratio of signal strengths between these two standards

allowed comparison of samples on different gels.

IN VIVO hGH INDUCED C-MYC GENE EXPRESSION

These studies utilized hypox rats (Sprague-Dawley)
approximately 2-4 weeks after hypophysectomy. Only those
animals demonstrating a weight gain of less than 3g/week
were used. Groups of 5 rats were killed at various
intervals following the injection of hGH (100ug/g)
intraperitoneally. Control rats received an equivalent
volume of vehicle. Various tissues were removed and quickly
frozen on dry ice. RNA extraction was performed as

described above,
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HUMAN PROSTATE C-MYC GENE EXPRESSION

Samples of tissue obtained from patients with BPH or
carcinoma of the prostate were obtained following either
suprapubic prostatectomy or transurethral prostatectonmy.
Two normal prostates were obtained within 4 hours of death
of otherwise healthy individuals. Tissue was rapidly
frozen using dry ice then stored at -70°C until RNA was

extracted.
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RESULTS

CELL SURFACE MARKERS ON Nb2 CELLS

Cultures of Nb2 cells whether stationary or in log
phase growth, did not express surface immunoglobulin (Table
1). The T“capping" phenomenon associated with aggregates of
anti-immunoglobulin was absent from all pieparations of
cells examined. In addition cytoplasmic immunoglobulin was
not detectable using the peroxidase staining technique .

A monoclonal ahtibody raised to rat thymocytes, W3/25-
HLK, has been shown to bind specifically to an antigenic
determinant on T-helper cells (102). Virtually 100% of the
Nb2 cells bound this antibody (Figure 1). A second
monoclonal anti-body 0X8-HI, which identifies rat nonhelper
T-cells (103), similarly bound to 100% of the Nb2 cells.
Both these anti-bodies produced patterns of capping which
were indistinguishable from each other. The intensity of
the binding of both antibodies was less than that observed

in control cells from a normal rat spleen.

INTRACELLULAR ENZYMES

The lysosomal enzyme muramidase was not detectable in
Nb2 cells (Table 2). Nonspecific esterase activity also
was absent as was activity of the DNA polymerase enzyme
terminal deoxynucleotide transferase. The presence of

0-naphthyl acetate esterase activity in normal peripheral T
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lymphocytes is indicated by a solitary red cytoplasmic
nodule or several punctate red granules. Although Nb2
cells failed to exhibit this reaction product, about one
third of the cells examined had a faint localized staining
of variable intensity (Figure 2). This localized staining
pattern (Thy-like) has previously been reported in a
subpopulation of normal rat thymocytes (93). We observed a
similar pattern in approximately 65% of the thymocytes of

4 week old Sprague-Dawley rats (data not shown} .

ROSETTE FORMATION WITH GUINEA PIG ERYTHROCYTES

Guinea pig erythrocytes have been shown to
spontaneously form rosettes with a subpopulation of cells
in the normal rat thymus (94). The proportion of rosette
forming cells in the rat thymus increases with age from the
fetus to the adult. Approximately 25% of the thymic cells
isolated from the young adult Sprague-Dawley rat (4 week
old) formed rosettes in our study. No rosette forming cells
were identified from spleen cells isolated from these
animals. The Nb2 cells were found not to exhibit this

rosette forming property.

TRANSMISSION ELECTRON MICROSCOPY

The Nb2 lymphoma cells were found to have an average
diameter of 7.5 um under conditions of growth arrest while

log phase growing cells had an average diameter of 9.0 um.
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The cytoplasm of Nb2 cells was found to be typical of
lymphoblasts with numerous polyribosomes and many

mitochondria (Figure 3).

37



Table 1. EXPRESSION OF CELL SURFACE MARKERS

The Nb2 cells were incubated with the indicategd
fluorescein conjugated antibody. Specific binding was
determined with UV  light microscopy. Cells isolated from

normal rat spleen cells were utilized as controls.
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Antibody to

igG

igA

Igk

IgM

T-cell nonhelper (0X8-HL)
T-cell helper (W3/25-HLK)




Figure 1. T-CELL SURFACE MARKERS ON Nb2 CELLS

Binding of the monoclonal antibody W3/25-HLK to Nb2

lymphona cells, All Nb2 cells examined demonstrated

binding (X500).
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Table 2, INTRACELLULAR ENZYMES IN Nb2 CELLS

Nonspecific esterase activity and © -naphthyl acetate
esterase activity were determined using @ -naphthyl acetate
as a substrate. Both terminal deoxynucleotide transferase
activity and muramidase activity were determined using
fluorescein conjugated antibodies. Isolated rat spleen

cells were used as a control.
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Enzyme Result

Nonspecific esterase -
a-Naphthyl acetate esterase + (Thy-like)
Td4T . -
Muramidase -




Figure 2. ¢ -NAPHTHYI, ACETATE ESTERASE ACTIVITY IN v

Nb2 CELLS.

The diffuse staining pattern indicated above in about
1/3 of the Nb2 cells is -characteristic of the thy-like

pattern observed in normal rat thymocytes (x200).
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Figure 3. TRANSMISSION ELECTRON MICROSCOPRY

A typical log phase growing Nb2 cell is presented.
Rough endoplasmic reticulum, cytoplasmic vesicles and Golgi
are sparse or absent. Heterochromatin is seen distributed
along the nuclear membrane. A prominent nucleolus within a
horse-shoe shaped nucleus is characteristic of Nb2 cells

(x8300) .
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SCANNING ELECTRON MICROSCOPY

Growth arrested Nb2 cells were treated for variable
periods of time with hPRL and allowed to settle on poly L-
lysine coated microscope coverslips. These cells were fixed
and then prepared for SEM.

As shown in Figure 4, unstimulated Nb2 cells have a
relatively uniform surface with few undulations or
projections. As early as 70 minutes after hormonal
stimulation, there is an increase in cell volume associlated
with the appearance of numerous projections and
pseudopodia-like structures. Within 2 hours, the highly
ruffled Nb2 cell resembles the surface of a mitogen treated

peripheral lymphocyte.

ONCOGENE EXPRESSION IN Nb2 CELLS

The following investigations of hormone stimulated
growth wutilized a clone of the original Nb2 lymphoma cell
line. Designated Nb2 1lc, this subline is representative of
the most hormonally responsive cells in the original cell
line. The ¢DNA probes used in this study are listed in
Table 3. Also, this table lists the presence or absence of
these oncogene transcripts in log phase growing Nb2 cells.
The presence of c-abl, c-myc, and all three members of the
ras gene family were detected in Nb2 cells. As shown in
Figure 5 a single transcript of 6Kb characterized the H-ras

and N-Ras transcripts while a doublet at 6Kb was detected
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using the Ki-ras probe. The c-abl transcripts detected were

6Kb and 7Kb respectively. The c-myc transcript was 2.4 Kb.
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Figure 4. SCANNING ELECTRON MICROSCOPY

Nb2 cells were treated for the time periods indicated with 1

ng/ml oFRL and then processed for SEM. (Time is indicated in
minutes).
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Table 3. ONCOGENE EXPRESSTON IN IOG PHASE Nb2

CELLS.
Expression of oncogene transcripts in log phase growing
Nb2 cells is indicated as either +/- . The restriction
fragment utilized as a probe along with a reference as to

its origin is provided.
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Figure 5. DETECTION OF C-ONCOGENE TRANSCRIPTS.

The RNA was examined from log phase cultures of Nb2
cells. Each 1lane contains 10 ug of poly (A+) RNA. Lane 1,
¢-myc; lane 2, N- ras; lane 3, H-ras; lane 4, Ki-ras; Lane

5, c-abl. Ribosomal RNA was utilized as size markers.
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Further investigations were undertaken to determine
both the kinetics of the hGH induced oncogene expression
and the relationship between the activation of these genes
and the Nb2 cell cycle. In order to quantitate changes in
specific mRNA abundance following hormonal treatment,
densitometeric analysis of the appropriate bands on the
Northern gel autoradiograms were scanned and then
digitalized. The areas under the corresponding peaks were
calculated in square millimeters and then normalized to the
largest peak. (An example of a digitalized scan of a gel
containing human prostate samples hybridized with c-myc is
shown in Figure 6). For all experiments involving Nb2
cells all samples from a particular experiment were
electrophoresed on the same Northern gel. This approach
eliminated any gel to gel variability.

The induction of c-myc transcripts following the
treatment of Nb2 cells with hGH is shown in Figure 7. An
increase in the abundance of c-myc transcripts is evident
within 15 minutes of hormone addition. Peak abundance of c-
myc transcripts occurs within 3 hours and then gradually
declines as Nb2 cells proceed through Gl of the cell cycle.
The induction of c-myc transcripts by 3 hours post hormone
addition represents a 25 fold increase over the levels
observed in growth arrested Nb2 cells.

The same time course following hGH induction was
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examined wusing a probe for the B8 -actin gene. As shown in
Figure 8 the B-actin transcripts increésed about 5-fold
during the first hour and then only increased slightly
during the next few hours. These results indicate that
factors other than a géneralized increase in mRNA are

responsible for the increase in c-myc transcripts.
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Figure 6. DIGITIZATION OF DENSITOMETRIC SCANNING

OF NORTHERN GELS

Lane numbers corresponding to lanes on the Northern gel
are indicated in the row labeled L#. The absolute area of
each curve is given in sqguare millimeters in the row
labeled mm. The third row 1labeled Nrm indicates the area
under the curves normalized to largest peak which is
automatically assigned the value of 100%. The signal ratio

between lanes 7 and 1 is approximately 23 fold.

49



FILE: HPROSTATE GELS: 1 GEL NAME: hprost myc

Le i 2 3 4 5 6 7
nm 115 467 242 i88 964 488 2564
Nrm 4.3 17.5 9.4 7.4 36.2 18.3 100.0

AAMMA



Figure 7. INDUCTION OF C-MYC IN Nb2 CELLS

The characteristic 2.4 Kb mRNA transcript is indicated
above. The time following hGH administration is indicated in
both minutes (') and hours (hr). Each lane contains 15 ug
of Nb2 cell +total RNA. Ribosomal RNA was used as size

markers.
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Figure 8. INDUCTION OF B -ACTIN IN Nb2 CELLS

The 1.8 Kb B -actin transcript abundance is indicated
following various times post hGH stimulation. Each lane
contains 15 ug of total Nb2 cell RNA. Ribosomal RNA was

used as size markers.
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The accumulation of H-ras transcripts following
treatment with hGH is shown in Figure 9. In untreated cells
no mRNA transcript is visible. A faint band at about 6 Kb
is detected at 1 hour post hormone addition. The intensity
of this sigmal increases gradually with the greatest
accumulation occurring between 6 hr and 9 hr post hormone
treatment. A prominent band persists at 12 hr at which time
most cells are in S phase of the cell cycle (81). The same
time course was examined using the c-abl probe. As seen in
Figure 10 similar results were obtained with the maximal
transcript accumulation occurring between 6 hr and 9 hr
post hormone treatment.

In order to examine the relationship between cell

A e Fd A
VAT pn i

growth and c¢-myc expression, dose response curvesa As see
- - i gl

ISR

in Figure 11, the Nb2 cell égswfﬂagﬁd‘iﬂé‘accumulation of
c-myc transcripts occur in a dose dependent manner. The
dose response curves were fitted and the concentration of
hGH required for half maximal stimulation (EC50) of both
growth and c-myc accumulation were calculated using the
ALLFIT program (116). The EC50 for the growth response was
193 + 41 (SEM) pg/ml. The EC50 for c-myc accumulation was
299 + 52 (SEM) pg/ml. The EC50 observed here is very
similar to the EC50 described previously for prolactin

stimulated proliferation of Nb2 cells (79). The EC50 for

the growth response is not significantly different from the
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EC50 for c-myc accumulation. This is consistent with the
hypothesis that hGH induced c-myc induction is linked to

Nb2 cell proliferation.
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Figure 9. INDUCTION OF H~RAS TRANSCRIPTS IN Nb2

CELLS
Accumulation of H-ras transcripts following the
addition of hGH (1 ng/ml) to growth arrested Nb2 cells is
shown. Time post hormone addition is indicated in hours.
The position of 28s ribosomal RNA and 6Kb H-ras mRNA is

indicated.
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Figure 10. ACCUMULATION OF C-ABL TRANSCRIPTS IN

Nb2 CELLS.
The induction of c-abl transcripts in growth arrested
Nb2 cells following the addition of hGH (1 ng/ml) is shown.
Time after hormone addition in hours is indicated. The
position of 28s ribosomal RNA, the 7 Kb and the 6 Kb c-abl

transcripts are indicated.
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Figure 11. DOSE RESPONSE FOR Nb2 CELI, GROWTH AND

C-MYC LEVELS.

Relative growth response (open circles) and relative c-
myc accumulation (closed circles) are indicated. The growth
response was measured after culturing Nb2 cells for 3 days
as described previously. The c¢c-myc accumulation was
determined 3 hours after treatment with hGH. The EC50 for
the growth response is 193 + 41 {(SEM)}. The EC50 for the

c-myc response is 299 + 52 (SEM).

56



100

asuodsay aAlle|ay

5000

500
hGH PG/ML

50




In order to assess the effects of variable exposure
times to hGH on cell proliferation, Nb2 cells were cultured
for 1 to 4 hours in the presence of a maximally stimulating
concentration of hGH and then washed and resuspended in
medium containing 10% horse serum. As shown in Figure 12,
this brief exposure to hGH was sufficient to elevate c-myc
levels from 10 to 25 fold above control levels. After 40
hours of culture no significant cell proliferation was
detected in those samples which were exposed to hGH for
periods of between 1 and 4 hours. Those cells cultured in
the continuous presence of hGH doubled during this time
(Figure 13).

In order to examine the effect of hGH in maintaining c-
myc levels in Nb2 cells, the pattern of c-myc accumulation
following the removal of hGH from cultures was studied. As
indicated in Figure 14, the levels of c-myc slowly decline
after reaching their peak levels at about 3 hours. During
the next 8 hours of culture there is a 3 fold decrease in
c-myc abundance as the Nb2 cells proceed into § phase of
the cell cycle. In contrast, removal of hGH from the
culture system results in a much more rapid decline of c-
myc transcript levels. At each time point examined the
level of c-myc was 5-fold lower in those cultures in which
the hGH had been removed than in those cultures maintained
in the presence of hGH. This removal of hGH resulted in a

20-fold decrease in c-myc levels after 8 hours.
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Figure 12. LEVELS OF C~-MYC EXPRESSTION AFTER hGH

STIMULATION.

Duration of hGH treatment: Numbers on X axis indicate
time in hours following hGH treatment. The relative
abundance of c¢=-nmyc transcripts was determined using
densitometeric scanning. Aliquots of the cell cultures were

taken and cell growth was determined (see Figure 13).
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Figure 13. Nb2 CELL PROLIFERATION AFTER hGH

REMOVATL.
The duration of hGH treatment: A, 0 hr; B, 1 hr: c, 2
hr; D, 3 hr; E, 4 hr; F, Nb2 cells were washed and
resuspended in medium containing hGH. Cell number was

determined 40 hr after the initial hGH treatment.
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Figure 14. ABUNDANCE OF C-MYC TRANSCRIPTS AFTER

hGH REMOVAIL,.

Following 4 hr stimulation of Nb2 cells with hGH, an
aliguot of cells was removed for RNA analysis (time = 0)
while the remaining cells were pelleted then resuspended in
fresh medium with (solid bars) or without (hatched bars)
hGH. At the indicated times, aliquots of cells were
removed and the RNA was processed for Northern gel
analysis. The relative abundance of c-myc transcripts was

determined by densitometeric scanning.
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The cell proliferation cbserved when lactogenic
hormones are added to stationary cultures of Nb2 cells may
result from a direct effect of the hormone or alternatively
lactogens may merely permit the action of various mitogens
in the system. To investigate this further we examined
whether hGH could induce c-myc accumulation and cell
proliferation in a defined medium.

As shown in Figure 15 the hGH induction of c-myc
transcripts in both the defined medium and the horse serunm
supplemented medium are similar. Cell growth during the
first 48 hr was also parallel (data not shown) .

Co-incubation of Nb2 cells with antisera to hGH has
previously been shown to inhibit the growth response of
these cells (78). Figure 16 shows that the accumulation of
c-myc transcripts 3 hr post hGH addition is markedly
reduced when the cells are pretreated with anti-hGH. The
small increase in transcript number which is observed was
not associated with detectable cell proliferation.

Earlier studies characterizing the kinetics of
prolactin stimulated Nb2 cells indicate that the phorbol
ester TPA enhanced the proportion of Nb2 cells which
proliferated following lactogen stimulation (81). As
indicated in Figure 17, TPA itself did not induce the
accumulation of c-myc transcripts above those observed in

untreated cells.
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Figure 15. INDUCTION OF C-MYC TRANSCRIPTS IN

SERUM~-FREE MEDIUM.

Panel A: Nb2 cells growth arrested in Fischer's medium
supplemented with 10% horse serum were then treated with hGH
for the +time periods indicated. Panel B: Nb2 cells growth
arrested in defined serum free medium and then treated for
the time periods indicated. Each lane contains 10 ug of

total Nb2 cell RNA.
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Figure 16. EFFECT OF ANTI-hGH ON C-MYC TRANSCRIPT

ACCUMULATICN,

Lane A: Nb2 cells 3 hr post hGH treatment. Lane B: Nb2
cells co-incubated with anti-hGH and hGH for 3 hr. Lane C:
Nb2 cells treated with vehicle alone for 3 hr. Each lane

contains 10 ug of total RNA.
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Figure 17. EFFECT OF TPA ON C-MYC TRANSCRIPT

ACCUMUILLATION.
Lane A; vehicle treatment 3 hr. Lane B; TPA 20 nM for 3

hr. Lane C; hGH treatment for 3 hr. Each lane contains 10

ug of Total RNA.
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In view of the preceding results which indicate that
Nb2 cells have cytochemical markers associated with thymic
lymphocytes, investigations were undertaken to determine
whether lactogenic hormones could produce an in vivo
induction of c-myc RNA transcripts in hypophysectomized
{(hypox) rats.

Following treatment of hypox rats with hGH for variable
time periods, tissues were removed, quickly frozen then
prepared for Northern blot analysis. As shown in Figure
18, treatment of hypox rats for up to 12 hours with hGH did
not result in a detectable increase in the already abundant
c-myc transcripts in the thymus. The relatively high
levels of c-myc transcripts in the thymus may in fact
obscure a significant increase in c-myc transcripts within
a small sub-population of thymocytes. 1In contrast, a large
increase in the abundance of c- myc transcripts was observed
in the hypox rat liver within 1 hour of hGH treatment
(139). These elevated levels persisted until 3 hours post
hormone treatment and then declined to baseline by 6 hours
post treatment. This induction of c-myc transcripts in rat
liver was found to be secondary to the binding of hGH to the
growth hormone receptor. Other lactogenic hormones such as

oPRL did not produce this effect.
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Figure 18. EXPRESSION OF C-MYC IN THE HYPOX RAT

THYMUS.
Hypox rats were treated with ip injections of hGH for
the time periods indicated. Each lane contains 10 ug of
thymus gland total RNA. Ribosomal RNA was used as size

markers.
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EXPRESSION OF THE C-MYC ONCOGENE IN HUMAN PROSTATES

The expression of the c-myc gene has been associated
with a large variety of human cancers. We have examined the
expression of c-myc in both prostatic carcinoma and benign
prostatic hyperplasia in order to determine whether the
level of expression of this gene can help to distinguish
between benign and malignant 1lesions or in predicting the
presence of clinically aggressive disease.

The presence of c-myc transcripts in various prostate
samples is shown in Figure 19. The level of c-myc
expression in poly (A)+ RNA isolated from a total of 20
patients was gquantitated by densitometeric analysis of
Northern gels. One patient was assigned a level of 100
units and all other samples were expressed relative to this
value (Figure 20). The levels of c-myc in 7 patients with
carcinoma of the prostate (54 + 40 SD) were significantly
higher than that observed in 11 patients with BPH (26 + 19)
(p<.05). The normal prostate of 2 males aged 22 and 67
years demonstrated levels well below those observed in
either the BPH samples or the adenocarcinoma samples.
Subsequent hybridization of these samples with a probe for

B-actin indicates that those samples with low c-myc levels
contained intact RNA.

Levels of c-myc transcripte did not correlate with the

mass of tissue removed (Table 4). The levels of c-myc in 2
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patients over the age of 80 year were less than 35% of the
mean value for the BPH group while the youngest patient in
the group (58 yr) had c-myc levels more than 3 fold higher
than the mean.

The levels of prostatic acid phosphatase at the time of
diagnosis of prostate carcinoma did not correlate with c-
myc levels (Table 5). Two patients (1 and 2) had high c-myc
levels normal levels of acid phosphatase and no evidence of
metastatic disease . Six months following diagnosis,
patient 2 developed clinically detectable systemic disease
with bone metastasis. Two other patients (3 and 5)
presented with Stage D clinical disease the former having
moderately elevated levels of c-myc while the latter showed
a level consistent with BPH.

Histological evaluation of the adenocarcinoma samples
indicated that the 2 patients with high levels of c-myc
expression were M.D. Anderson grades 1 and 3 (Table 5).
Patients (6 and 7) with grade 2 carcinoma and no evidence
of metastatic disease had levels of c-myc conmparable to

those observed in patients with BPH.
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Figure 19. EXPRESSION OF C-MYC IN PROSTATE TISSUE.

Lane 1: normal; Lanes 2-6: BPH; Lanes 7-11: prostate
carcinoma. Each lane contains 6 ug of poly (A)+ RNA. Panel
A: Northern blot probed with the human c-myc probe PKW3.

Panel B: The same blot hybridized with the B-actin probe.
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Figure 20. LEVELS OF C-MYC mRNA IN PROSTATE

TISSUE.

Densitometeric scanning of the Northern gel analysis of
prostate tissue from 20 patients expressed in relative
units. The mean levels of c-myc in 11 cases of BPH is 26 +
19 S.D. and in the 7 cases of carcinoma of the prostate

(CaP) is 54 + 40, (p < .05.); N, is normal prostate.
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¢c-myc expression in BPH

Age of patient (yr) Prostate wt {g) C-myc expression
85 85 9.1
81 90 71
79 80 36.2
78 85 18.3
78 105 39.0
74 85 27.0
73 73 16.0

58 60 75.0




Table 4. C-MYC EXPRESSION IN BPH.

Three BPH samples were not included because the mass of
tissue removed was not known. The value of c-myc expression

is in relative units.
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c-myc mANA levels in prostatic carcinoma

Histological diagnosis
9 9 Prostatic acid

M. D. % tissue phosphatase c-myc
Patient Anderson Gleason  involved (p/ml) expression

1 1 2/2 45 0.36 124.0
2 3 3/4 90 0.40 100.0
3 2 2/3 100 0.60 41.0
4 3 5/3 100 0.60 38.0
52 3 3/4 60 2.80 27.1
6 2 3/2 50 0.52 25.3
7 2 213 70 0.26 24.9

? Patients who presented with Stage D clinical disease.



Table 5. C-MYC LEVELS IN PROSTATIC CARCINOMA.

Histological evaluation was performed by 2 independent
reviewers. The levels of prostatic acid phosphatase were

determined at diagnosis using a Dupont Automatic Clinical

Analyzer.
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DISCUSSION

The absence of undetectable surface immunoglobulin
indicates that Nb2 cells are not 1likely of B-lymphocyte
origin. As well, the absence of cytoplasmic vacuoles and
undetectable levels of the lysosomal enzyme muramidase
suggests that this tumor did not originate from cells of
the monocyte series.

The large solitary red nodule which characterizes the
presence of <x—naphthyl acetate esterase in mature T-
lymphocytes was not present in Nb2 cells. Instead a faint,
irregular reaction product previously described in normal
thymocytes (93) was observed (Thy-like pattern). This
pattern is thought to correlate with the early expression
of this T-cell enzyme in a subpopulation of normal rat
thymocytes (65%). This pattern of staining also is seen in
a subset (1.8%) of rat bone marrow cells but is absent from
cells isolated from both rat lymph nodes and spleen. While
the function of the DNA polymerase enzyme TdT in lymphoid
cells has not been clearly established, it is thought to
play a role in the early growth and maturation of these
cells. The absence of detectable TAT activity in Nb2 cells
may indicate that these cells have completed an early phase
of thymic development.

The mouse monoclonal antibody W3/25-HLK recognizes a

subset of peripheral T-lymphocytes which mediate the helper
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graft vs host reaction and the mixed lymphocytic response
(102). The mouse monoclonal antibody OX8-HL will bind to
all peripheral T-cells that are W3/25-HLK negative and
which are responsible for functions such as the suppression
of induction of antibody forming B-cells (103). Together
these antibodies will bind to more than 90% of peripheral
T-cells in the normal rat. No subset of peripheral T-cells
that binds both antibodies has been identified.

All Nb2 cells examined from both stationary and log
phase cultures bound both W3/25-HLK and OX8-HL. The
intensity of <fluorescence of both antibodies was greatest
in stationary cultures. This 1is consistent with the
observation that the volume of log phase growing Nb2 cells
is twice that of stationary cells (data not shown). An
increase in surface area without a corresponding increase in
surface marker receptors would result in a decreased
fluorescence intensity.

Thymocyte differentiation is often accompanied by a
loss of membrane marker proteins. For example, murine
thymocytes express the Thy 1.1 antigen while mature
peripheral T-lymphocytes do not (117). The selective
expression of either W3/25-HLK or OX8-HL antigens in
peripheral T-cells is likely linked to the specialized
function of these two cell types. The observation that both
of these antibodies produce a much more intense pattern of

fluorescence in their respective target cells in the normal
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rat spleen is consistent with this idea.

The property of guinea pig eryfhrocyte rosette
formation has been shown to be restricted to thymocytes in
the rat (92). The increase in the number of rosette
forming cells in the thyﬁus as the rat matures (from birth
to 4 weeks) suggests that a certain level of
differentiation may be required before this rosette forming
capacity is acquired. While we were able to demonstrate this
rosette forming capacity in normal rat thymocytes, it was
found that Nb2 cells did not exhibit this property.

In summary, these data suggest that the Nb2 lymphoma
cell line may have arisen from a thymogcyte at an
intermediate stage of differentiation. While not clearly
defined, this stage is likely to have followed an earlier
stage of differentiation correlating with detectable TdT
activity. Differentiation of these cells has not vet
reached the point where either the W3/25-HLKB or the OX8-HL
antigen is expressed exclusively. Both the absence of a T-
cell o -naphthyl acetate esterase staining pattern and the
presence of a Thy-like pattern confirm the thymic origin
and the relative immaturity of these lymphoid cells.

The phenomena of lactogen regulated growth in Nb2 cells
raises several questions as to the nature of the hormonal
dependence of these cells. If in fact these cells are
"frozen" at a particular stage of thymocyte development,

the presence of functional lactogenic receptors suggests

75



the possibility that these hormones may be involved in
normal thymocyte maturation. Alternatively, the lactogen
dependence observed in these cells may be the result of
malignant transformation and/or subsequent selection
processes. Further investigation of the role of lactogenic
hormones in thymocyte maturation and in the growth of
leukemias and lymphomas may reveal a subset of lymphoid
tumors whose growth is lactogen dependent.

As an increase in cell volume was observed to occur
within a few hours following lactogen stimulation of Nb2
cells, studies were undertaken to examine whether
significant morphologic changes accompanied the change in
cell size. A relatively smooth surface characterizes
gquiescent Nb2 cells. The addition of physiological
concentrations of oPRL produced numerous projections and
pseudopodia-like structures within 70 minutes. By 2 hr post
hormone addition the Nb2 cells highly ruffled appearance was
similar to that of activated lymphocytes. At this time,
this represented the earliest detected cellular response to
a lactogenic hormone and indicated that a variety of
biochemical changes were likely to precede these structural
changes.

Recent studies have suggested a significant role for
growth factor mediated oncogene expression in the
proliferation of both normal and neoplastic cells.

Increased levels of cellular oncogene expression in rapidly
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growing embryonic tissues and the elevated levels of
oncogene products in malignant vs benign tumors (118),
suggest that these genes subserve vital cellular processes.
The addition of mitogens to cultured cells results in the
accumulation of oncogene transcripts, most notably that of
c- myc (101). Conversely, both the depletion of growth
factors and the treatment of tumor cells with
differentiating agents results in a significant decline in
the level of these gene products (41).

To further investigate early events involved in the
response of Nb2 cells to mitogens, an asynchronous
population of log phase growing cells was utilized. Of the
dozen most common oncogenes recently identified, a total of
five were found to be expressed. All three members of the
ras family were detected as either a single 6Kb band on
Northern gel analysis as in the case of H-ras and N-ras,
while a doublet at 6Kb was detected with the X-ras probe.
These transcripts are considerably larger than the 1.8 Kb
transcript previously described in most cell types.
Hematopoietic cells have previously been reported to contain
this larger 6Kb transcript (41) and although the functional
significance of the additional sequence remains obscure,
this larger mRNA has been demonstrated to translate into
the ubiquitous p21 ras protein (119). The two distinct 6Kb
and 7Kb transcripts detected with the c-abl probe are

similar to those reported previously. As well, the c-nyc
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probe hybridized to the familiar 2.4Kb transcript.

Expression of the c-myb gene has been described in a
variety of hematopoietic cells with the highest levels
occurring in cortical thymocytes. The level of c-myb
transcripts were found to decline 10-fold as the immature
cortical thymocytes matured and migrated to the lymph nodes
(120) . The absence of detectable c-myb transcripts in Nb2
cells 1is consistent with the previously described
cytochemical data which suggest that these cells arose from
a thymocyte at an intermediate or later stage of
differentiation.

The erb B oncogene which 1is associated with the
development of erythroleukemia in chickens has recently
been shown to be identical to a truncated subunit of the
epidermal growth factor (EGF) receptor (56). Transcripts of
erb B were not detected in Nb2 cells and it is of interest
to note that EGF is not an active growth factor for Nb2
cells (78).

The absence of c-sis transcripts in Nb2 cells is
consistent with the observation that to date this gene
product has only been detected in the circulating cells of
chronic myelogenous leukemia in the accelerated phase
(121). Similarly, the c-fms gene which encodes the CSF-1
receptor on macrophage precursors (62) is not detected in
Nb2 cells. The absence of transcripts of c-src, c-fes and

c-mos in Nb2 cells is consistent with the observation that
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these genes have not been reported to be expressed in other
hematopoietic cells.

When growth arrested Nb2 cells were stimulated with
hGH, an increase in c-myc transcripts was detectable within
15 minutes, reached a maximum of 25-fold within 3 hours and
then gradually declined as the cells proceeded through the
Gl phase of the cell cycle. This pattern of expression is
similar to that described following the addition of a
variety of mitogens to both T and B lymphocytes (101). The
pattern of induction of B-actin differs from c-myc in that
it increases to a maximum of 10 fold within the first hour
and then remains relatively constant. This result
indicates that the increase in the c-myc signal after hGH
stimulation is not simply due to variable amounts of mRNA
being 1loaded on the gel nor due to a non-specific increase
in the abundance of mRNA species in general.

The large 6Kb transcript associated with the
hybridization of the various ras probes in Nb2 cells was
shown to increase in late Gl of the cell cycle ( between 6
and 9 hours post hGH addition). An increase in the more
familiar 1.8 Kb ras transcripts has been demonstrated in
late G1 phase fibroblasts and in regenerating liver (122).
This phenomena has not yet been reported in hematopoietic
cells in which the 6Kb transcripts have been described. As
the 6 Kb and the 1.8 Kb transcripts have both been shown to

translate into the p21 ras protein it is likely that the
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major functional role of both mRNAs is conserved. While not
yet experimentally demonstrated the functional significance
of these gene products may involve modulation of either the
S phase or the G2 phase of the cell cycle. The increased
accumulation of c-abl transcripts follows a time course
identical to that observed for the ras transcripts. This
remains a novel finding to date, as the only study which
discusses the level of c-abl transcripts in association
with mitogen stimulated cells reports that this gene is not
induced (123).

The demonstration of an increased accumulation of c-
oncogene products in response to the mitogen treatment of a
particular cell line does not demonstrate a causal
relationship between c-oncogene expression and cellular
proliferation. In an attenmpt to investigate the
relationship between these events, an number of experiments
were performed. The dose dependent growth of Nb2 cells
observed following the treatment of growth arrested cells
with increasing concentrations of a lactogenic hormone has
previously been described (78). The observation that the
accumulation of c-myc transcripts occurs in an identical
dose dependent pattern indicates that the increase in c-myc
transcripts closely parallels the growth response. Other
studies have demonstrated that the rate of c=-myc
transcription correlates with the rate of cell division in

a variety of tissues and that c-myc expression is higher in
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fetal tissues than in adult tissues (42).

The experiments involving limited exposure of Nb2 cells
to hGH indicate that while a 4 hour exposure was sufficient
to maximally induce the c-myc transcripts, removal of the
hormone at this time resulted in the failure of these cells
to proliferate. This removal of hGH also was associated
with a 5-fold reduction in the abundance of c¢-myc
transcripts. In most cell proliferation model systems
studied to date only a brief exposure to mitogens is
required to render the cells competent to progress through
the cell cycle (125). This induction of competence is
thought to occur early and corresponds to the rapid
increase in c~-myc transcripts which then gradually decline
as the cells progress through Gl of the cell cycle. These
data have been interpreted to mean that ¢- myc is a member
of a cell cycle regulated competence gene family which is
expressed following PDGF stimulation of 3T3 cells (126).
More recently, the level of both c-myc mRNA and protein have
been shown to be constant throughout the cell cycle (127,
128). The initial induction of c¢-myc transcription
following mitogen stimulation has now been attributed to the
G0/G1l transition period.

Mitogen stimulated 3T3 cells require a 20 minute
exposure to PDGF in order to be rendered competent to
proceed through the cell cycle in the presence of

progression factors such as insulin-like growth factor
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(129) . In contrast, Nb2 cells require prolonged exposure to
hGH to proliferate . This requirement for the continued
presence of a mitogen has previously been described in
cultured hematopoietic cells (130).

In the Nb2 cell system hGH may act as both a
competence factor and a progression factor. Alternatively,
hGH may have a permissive effect, allowing other serum
factors to induce proliferation. In either case it is
evident that hGH is necessary for the rapid early induction
of c-myc transcripts and for maintaining the level of these
transcripts at later stages of the cell cycle. Although c-
nyc levels appear to closely correlate with the
proliferative capacity of Nb2 cells, the peak of c-nmyc
expression is not in itself sufficient to allow these cells
to proliferate. A similar observation has recently been
made by a group of investigators studying the growth of
human B-lymphocytes in culture (131). They demonstrate that
B-cell growth factor (BCGF) stimulated B-cells will
proliferate only if they have been previously activated by
either interaction with T-cells or by crosslinking of
surface bound immunoglobulins (132). While this early
activation of B-cells will result in the rapid accumulation
of c-myc transcripts, these cells will not enter the S
phase in the absence of BCGF. These results confirm our
observation that c-myc transcript induction is not in

itself sufficient for cell proliferation.
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To investigate whether the presence of hGH was the
major mitogenic stimulus to proliferation of the Nb2 cells
these cells were cultured in a defined medium. The
induction of c-myc transcripts in both serum supplemented
and defined medium was identical as was the growth of these
cells (data not shown) over the first 48 hours. The defined
medium used in these experiments contained transferrin
which has been shown to be a requirement for the growth of
a variety of cell types. This is particularly relevant in
the case of mature T-cells which are known to express
transferrin receptors (133) following exposure to the
growth factor interleukin-2 (IL-2). The subsequent binding
of transferrin to its receptor is required to allow the
cells to enter S phase of the cell cycle. Recent studies
indicate that the Nb2 cells can be stimulated to
proliferate in the presence of IL- 2 (83, 84). This
observation supports previous experiments which suggest
that Nb2 cells arose from a thymocyte at an intermediate
stage of differentiation. The malignant transformation of a
T-lymphocyte precursor has, in the case of Nb2 cells, been
accompanied by the normal phenotypic state of IL-2 induced /
transferrin dependent cell proliferation.

Previous studies have implicated a role for lactogenic
hormones in the cell mediated immune response (134). A
dramatic increase in thymus weight has been reported when

both normal and hypophysectomized (hypox) rats have been
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treated with oPRL. In view of these observations, studies

were undertaken to determine if the treatment of hypox rats

with hGH could produce an in vivo induction of c-myc

transcripts. The absence of such a response may be due to a
relatively small subpopulation of thymocytes responding to
hGH, and any increase in myc transcripts then being
undetectable against a high background level of c-myc
expression. Alternatively, the growth promoting effects of
hGH in thymocytes may have a latency period greater than
that examined in our study. As well, the possibility that
hGH induced thymocyte proliferation does not involve a GO

to Gl phase transition must also be considered.

EXPRESSION OF C-MYC ONCOGENE IN PROSTATIC TUMORS

The expression of the c¢c-myc gene has been associated
with a variety of human tumors (135). A number of
mechanisms have been suggested to explain the transforming
capacity of these genes and their associated high levels of
expression in malignant tumors. Changes in the structural
gene resulting in amino acid substitutions (9) or the
deletion of exons (66) have been described. Increased
levels of the mRNA or the protein coded for by the oncogene
have also been proposed as important mechanisms (69-71).
While these preliminary investigations suggest an aberrant
pattern of oncogene expression to be associated with

malignant transformation, studies on the diagnostic and
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prognostic value of differential oncogene expression only
recently have been undertaken.

The experiments described demonstrate the expression of
c-myc¢ transcripts in both benign and malignant prostatic
tumors. Interpretation of the significance of c-nyc
expression was originally thought to be complicated by the
fact that a large percentage of patients with benign
prostatic hyperplasia are known to have concomitant
prostatitis. An infiltrate of 1lymphocytes which are known
to contain 20-fold higher levels of c¢-myc transcripts than
resting fibroblasts may significantly increase c~-myc levels
(101). Histological evaluation of the BPH samples examined
in this study indicate only a mild, diffuse prostatitis in
all samples.

A recent review of the development of BPH indicates
that the amount of hyperplastic tissue removed at surgery
increases with advancing age (136). Calculation of the
doubling time of these tumors shows a progressive increase
with advancing age, ranging from a doubling time of 4.5
years in men between the ages of 31 and 50 years to a
doubling time of 100 years in men over 70 years of age. In
this study both subjects over 80 years of age had very low
levels of c-myc transcripts. In contrast the youngest
patient examined had levels of c-myc expression more than
3- times the mean value for the BPH group. These results

are consistent with the hypothesis that c-myc levels are
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proportional to the growth fraction of a particular tumor.

Two patients in this study with carcinoma of the
prostate had levels of c-myc which were 2-fold higher than
the mean value for the carcinoma group and 5-fold higher
than the average for the BPH group. While neither of these
patients demonstrated =systemic disease at the time of
diagnosis one patient (#2) has since developed bone
metastasis following a 6 month interval. This is consistent
with the outcome predicted by histological evaluation which
indicated both a high Gleason and M D Anderson score. A
similar correlation of histological diagnosis and oncogene
expression recently has been reported in prostate carcinoma
(137). This study showed a strong correlation between the
amount of immunoreactive H-ras protein in prostate carcinoma
cells and the histological grade of these tumors. A recent
study of c-myc expression in carcinoma of the cervix also
confirms the elevation of c-myc mRNA levels in those tumors
which are clinically more agressive (138).

One major difficulty in evaluating the significance of
elevated levels of c-myc transcripts is the variable
infiltration of the prostate gland by tumor cells (Table

5. Additional studies using DNA probes for in situ

hybridization and immunochemical techniques to quantitate
the levels of the c-myc would permit direct evaluation of
c-myc expression in individual tumor cells.

While histological grading correlates well with
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survival in large populations of patients, difficulties
arise in predicting the outcome in individual patients as
significant mortality occurs among some of those patients
assigned to favorable prognostic groups. The further
evaluation of c-oncogene expression in these tumors may
yield a new class of biologically and clinically

significant tumor markers.
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The following represents novel findings of this study:

1) The Nb2 lymphoma cells have those
immunocytochemical characteristics associated with
thymocytes at an intermediate stage of differentiation.

2) Lactogen stimulated mitogenesis in Nb2 cells is
associated with the accumulation of the mRNA's of c-myc, c-
abl and the c-ras gene family.

3) The early induction of c-myc is in itself not
sufficient to induce cell proliferation.

4) The maintenance of c-myc transcript levels by the
continuous presence of hGH is associated with cell
proliferation.

5) Although there is great heterogenity, the level of
c-myc transcripts is significantly higher in prostate

carcinoma than in benign prostatic hyperplasia.
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