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ABSTRACT

Human pituitary adenoma tissues were not tumorigenic in the hormon-
ally manipulated nude mouse. Mouse fibroblast cells (C3H 1011/2) also
did not form tumors when inoculated alone into nude mice. When these
two tissues were cocultured and coinoculated into nude mice however, the
majority of inocula developed progressively enlarging tumors which could
be established in tissue culture and passaged through the nude mouse.
These tumors were sarcomatous histologically and thus did not resemble
any human pituitary adenoma tissue injected. In order to detect any
human cells in these tumors, tumor genomic DNA was subjected to
Southern analysis using human repetitive Alu and HGH DNA sequence
probes. Southern blot analysis of the nude mouse derived tumor genomic
DNA revealed no sizeable human DNA in the mouse tumor cell genome
indicating the absence of significant numbers of human cells in the tumors
or the transfer of human DNA to the mouse cells. The tumors therefore
arose from transformed C3H 10T1/2 cells after coculture with the human
pituitary adenoma cells. These results implied that the tumorigenic
transformation of susceptible C3H 10T1/2 cells in the cocultures occurred
as a result of the secretion by the adenoma cells of transforming sub
stances in the culture media or the induction of tumorigenicity through
direct cell-cell contact between the two cell types.

INTRODUCTION

Human pituitary adenomas possess both growth potential
and biological activity. Tumor extensions lead to neurological
compression, while hormonal hypersÃ©crÃ©tionleads to hypercor-
tisolism (Cushing's disease), acromegaly, and gonadal dysfunc

tion (1). In these tumors, hormonal hypersÃ©crÃ©tionand tumor
growth appear to be functionally related. This is best illustrated
by growth hormone and prolactin hypersecreting adenomas.

Prl2 secretion is under tonic hypothalamic dopaminergic

inhibitory control ( 1, 2). In patients with prolactinomas, normal
dopamine receptor numbers and binding are observed at the
lactotroph level (1, 3). In some cases, this hypersÃ©crÃ©tioncan
be controlled with dopaminergic agonists: the ergot com
pounds. Concomittant with reduced hormonal secretion is tu
mor regression. Upon cessation of treatment, tumors recur
suggesting that the hormones secreted by the adenomas may
play a role in the growth of the transformed cells. A similar
observation has been made with another type of secretory active
pituitary adenomas, the growth hormone producing adenomas.
In the normal individual, HGH secretion is under predominant
stimulatory control by hypothalamic releasing factors. Soma-
tostatin provides an inhibitory influence. In some acromegalie
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patients, receptor functions mediating the influences of these
factors appear intact (4, 5) since treatment with somatostatin
analogues has led to tumor regression. It is therefore likely that
an autocrine mechanism is operational at the secretory active
adenoma cell such that the hypersecreted products (Prl and
HGH) provide a direct or indirect mitogenic stimulation to the
transformed adenoma cell leading to their continued growth.

In order to investigate the defective mechanisms underlying
hormonal hypersÃ©crÃ©tionand tumor growth and their potential
functional linkage, attempts to propagate human adenomas as
a cell line or in experimental animals, (e.g., nude mouse) were
made (6-10). These attempts, however, have not been successful
despite manipulations of the culture conditions (e.g., substra
tum and growth factors) or the animal host (e.g., irradiation
and hormonal treatment). On the other hand, when human
pituitaryadenomacellswereculturedonfeederlayersofthenontu-
morigenic mouse fibroblast cell line (C3H 10T1/2) (11) and
coinoculated with the feeder cells into the nude mouse, s.c.
sarcomatous tumors formed and grew progressively. This report
describes the genesis and characterization of these tumors de
rived from cocultures of human pituitary adenoma cells and
mouse fibroblasts (C3H 10T1/2).

MATERIALS AND METHODS

Cell Culture

Human pituitary adenoma tissues were excised transsphenoidally
from patients with Cushing's disease (two cases), acromegaly (10 cases),

hyperprolactinemia due to the presence of a prolactinoma (40 cases),
and visual disturbance or hypopituitarism due to the presence of a
nonsecretory pituitary adenoma (12 cases). Tissues obtained locally
were immediately placed in chilled (4Â°C)culture medium composed of
Dulbecco's modified Eagle's medium mixed (1:1) with Ham's F12

medium supplemented with 20% fetal calf serum (DME/F12 + 20%
PCS) and transported to the laboratory. Tissues obtained from sources
outside of San Diego were placed in culture medium and immediately
airfreighted to us. In these instances, the interval between excision and
plating of tissue in culture was no longer than 72 hr. All tissues were
minced finely and prepared for primary culture or inoculation into the
nude mouse. For primary culture in the absence of C3H 10T1/2 cells,
tissue fragments were placed in DME/F12 + 20% medium in plastic
tissue culture plates. Cultures were maintained at 37"C in 5% CO2 and

95% air. After cells had attached to the plate, the medium was renewed
every one to two weeks. When the cultures reached confluence, the cells
were passaged through brief exposure to 0.1% trypsin for 10 min at
37Â°C.

When adenomas were placed in cocultures with mouse fibroblast
C3H 10T1/2 cells (gift of P. Calabro-Jones, UCSD Cancer Center),
confluent monolayer cultures of C3H 10T1/2 cells were first generated.
Adenoma cells which had been in culture for a period without attach
ment to the plate or fragments of fresh adenoma tissue were then seeded
onto the mouse cells. Upon attachment of tumor tissues onto the mouse
feeder layer, medium was renewed twice weekly. No attempts were
made to passage these cocultures through trypsinization since the
majority of the C3H 10T1/2 cells invariably failed to reattach to the
culture dish in the presence of adenoma cells. This did not appear to
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result from extensive cell death since some C3H 10T1/2 cells did plate
down. For those cells which plated down, however, the growth potential
was markedly reduced such that a confluent monolayer was never
attained. Under these conditions, the detached adenoma cells would
remain floating in the culture medium. It was therefore necessary that
should detachment of the culture from the dish occur, the detached
monolayer be finely minced and reseeded onto a fresh confluent
C3H 10T1/2 feeder layer.

Tuntorigenic Assay in the Nude Mouse. Athymic (nude) mice were
obtained from the UCSD Cancer Center. These animals carried the
BALB/c genetic background and were established from breeding stocks
obtained from the Pathologic Institute, Kommunehospitalet, Copen
hagen, Denmark. The animals were maintained in an isolated facility
away from other laboratory animals. Bedding and cages were sterilized
by autoclaving before exposure to the animals. Each animal received
supplementation of triiodothyronine at 2.5 ng/ml and thyroxine at 8
ng/ml in its drinking water. In addition, a s.c. injection of estradici
benzoate in oil (0.6 ng/0.2 ml/injection) was made before tissue inoc
ulation.

When tumor tissues freshly excised from the patient were tested,
they were first minced finely into small fragments in culture medium.
The fragments were gently pelleted in a clinical centrifuge before
inoculation with a tuberculin syringe s.c. in the scapular or flank re
gions of the nude mouse. When tissues in culture with or without C3H
10T1/2 feeder cells were evaluated, they were first gently detached
from the culture dish and minced finely into small fragments in culture
medium before a loose pellet was generated for inoculation. Both
cultures with and without feeder cells could be removed from the dish
mechanically without suffering significant loss of viability since the cell
layer in contact with the dish invariably was composed of either mouse
or human fibroblasts which would detach easily with mild irrigation.
Each inoculum was composed of 0.3 ml of culture medium and 0.4 ml
of tissue containing 1-5x10* cells. Control inoculations comprised of
1-5 x IO6 and 1-5 x IO7 C3H 10T1/2 cells which had been in long

term culture (5 weeks) without passage were also made.
Each inoculated animal was observed for 3 months before a final

determination of tumorigenesis was made. When s.c. nodules appeared
at the site of inoculation, a diagnosis of tumorigenicity was made only
when the nodules had grown progressively to a size of greater than 5-
nini diameter.

Expiant Culture of NMTs. When a s.c. nodule appeared at the site
of tissue inoculation, it was excised after it had grown progressively to
a size of greater than 5mm diameter. For this purpose, each animal
was anesthesized with an overdose of 0.3 ml Nembutal (40 mg/ml;
Abbott Lab, North Chicago, IL). After sterile preparation of the skin
with a betadine solution, the s.c. nodule was excised sterilely and placed
in culture medium. Each tumor was finely minced for direct reinocu-
lation into the nude mouse or expiant culture.

Expiant cultures of NMTs were maintained in plastic culture dishes
in DME/F12 + 20% PCS medium. Medium was renewed weekly after
tissue attachment (usually within the first week). Upon reaching con
fluence, each culture was passaged through trypsinization. When a
tumor culture had been maintained through three to four passages, it
was ring cloned and the clones characterized.

Ring Cloning of NMT Cells. Tumor cell cultures were dispersed into
single cell suspensions through trypsinization and 1 x 10' cells were

plated onto each 100-mm culture dish. After 3-4 weeks, small colonies,
each arising from a single cell or a doublet, could be identified visually.
Stainless steel cloning rings were placed over these colonies which were
then detached with trypsin and replated onto 35-mm dishes in culture
medium. After a confluent monolayer had formed from each clone, the
cells from some of the clones were either prepared for characterization
or for further rounds of ring cloning.

Southern Blot Analysis of NMT Clone Genomic DNA. Cloned cells
of NMTs derived from an acromegalie adenoma-C3H 10T1/2 coculture
and from two nonsecretory adenoma-C3H 10T1/2 cocultures were
grown to confluence to generate 1-5 x IO7 cells before mechanical

detachment from the culture plate for genomic DNA extraction (12).
After treatment of the cell pellet with sodium Sarcosyl (1%) and
proteinase K (100 Mg/ml) at 56Â°Cfor 1 h, genomic DNA was extracted

with phenol and chloroform, and precipitated with 2.5 x 100% ethanol
before being dissolved in Tris (10 mM)-EDTA (1 HIM)buffer (pH 7.4).
The isolated genomic DNA was then cleaved with the restriction
endonuclease EcoRl at 37Â°Covernight. The fragments were separated

by 0.8% agarose gel electrophoresis and transferred to a nitrocellulose
membrane for analysis with 32P-labeled Alu (13), HGH (14), c-myc,
and H-ras (15-18) probes, respectively. DNA obtained from a normal
human pituitary gland, an acromegalie adenoma, a prolactinoma, the
human retinoblastoma cell line (Y-79), the human lymphoblastic cell
line (GM-3887) and the parental cell line C3H 10T1/2 were used as
controls. The Alu, c-myc, and H-ras probes were generous gifts from
W-H. Lee, Department of Pathology, UCSD, while the HGH probe
was a generous gift from C. R. Lin, Department of Medicine, UCSD.

RESULTS

Cell Culture. Human pituitary adenomas could be maintained
in primary culture for longer than 1 year in DME/F12 -I-20%
PCS medium. In general, tissue fragments floated in the me
dium for a couple of days to 2 weeks before attaching to the
plastic culture dish. The sooner the tissue was placed in culture
after surgical excision, the sooner it became attached to the
dish. Fragments derived from nonsecretory, acromegalie or
Cushing adenomas usually became attached to the substratum
sooner than those derived from prolactinomas. After attach
ment, cells migrated from the base of the tissue fragment in a
radial fashion. The first group of cells bore the morphological
appearance of fibroblasts with an abundant cytoplasm, exten
sive processes, a distinct nucleus, and an occasional nucleolus.
Starting at the second month after plating, another cell popu
lation appeared in the midst of the fibroblast-like cells (Fig.
1/1). These cells formed rounded clusters on top of the fibro-
blastic layer. Each cluster enlarged in a hemispheric fashion.
Flattened colonies were seldom observed. Occasionally, small
clusters of these cells would break off from the tissue fragment
and become established at some distance from the "mother"

fragment. In spite of the dense carpet of fibroblastic cells over
the bottom of the dish, these cell clusters would continue to
enlarge albeit at a very slow rate. It would generally require 1-
2 months for the individual cluster to double in volume. Of the
tissues cultured so far, the cultures derived from a Cushing
adenoma have demonstrated the fastest growth rate. Cell clus
ters arising from nonsecretory or acromegalie tumors enlarged
at a slower rate while the prolactinomas consistently exhibited
the slowest growth. No adenoma tissue however has grown to
achieve confluence despite prolonged culture and no cell line
has been established from these human cells.

Adenoma tissues were also plated onto confluent monolayer
cultures of mouse C3H 10T1/2 fibroblasts either directly after
surgical excision from the patient or after a period of culture
without attachment to the plastic dish (Fig. IB). In either case,
adenoma cells attached sooner onto the feeder layer and formed
denser and larger clusters than those placed directly onto plastic
dishes. This suggests a positive trophic effect on the explanted
cells by the feeder layers.

Tumorigenicity of Human Pituitary Adenoma Tissues in the
Nude Mouse. The behavior of the adenoma and C3H 10T1/2
coculture inoculations was markedly different from either those
derived from the cultures of adenoma cells and C3H 10T1/2
cells alone or from tissues freshly excised from the patient
(Table 1). Viable adenoma tissues were present in the inocula
tions since we were able to detect by established radioimmu-
noassays (19,20) the presence of HGH and human Prl in media
exposed to these cocultures.3

3Unpublished data.
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Fig. I. A, a prolactinoma after 17 months in primary culture. A hemispheric cluster of cells had formed on a layer of fibroblast-like cells which first migrated from
the original adenoma tissue expiant, x 78. B, human pituitary adenoma tissues were plated onto a confluent monolayer of C3H 10T1/2 mouse fibroblast cells. The
adenoma cells proliferated into denser clusters than ones cultured on plastic dishes alone (compare to Fig. 1/4). x 78.

Table 1 Tumorigenicity of human pituitary adenoma and mouse C3H Ã•OTh
fibroblast cocultures

Tumorigenic potential of human pituitary adenoma tissues, freshly excised
from the patient, in primary culture or in coculture with C3H 10T'/2 cells was
evaluated in nude mice. Fresh tissue was minced finely into small fragments
before s.c. inoculation into the nude mouse while tissues in culture were mechan
ically detached from the culture dish before mincing and inoculation. Each
inoculation was composed of 0.2 ml of culture medium and 0.4 ml of tissue
containing 1-5 x IO6 cells. Long term C3H lOT'/i cultures were also used as

controls.

Clinical tumortypeACTH

(Cushing)HGH
(acromegalie)Prl
(prolactinoma)NonsecretingControlsFresh

adenomasPrimary
adenomaculturesC3H

10T'/Â¡(l-5x 10"cells)(Long
term cultures, 1-5x10'
cells)Tumors26338131945Inoculations5IS4714131945Tumorigenicity5/510/1533/478/140/130/190/40/5

Five cocultures were generated from two ACTH secreting
pituitary adenomas. Each gave rise to a s.c. nodule after inoc
ulation into the nude mouse. The latency of tumor appearance
ranged from 2 to 5 weeks. Three of these tumors have been
established in culture. Cells from one of these expiants were
reinoculated into the nude mouse. A second generation tumor
has arisen and is being propagated in culture.

Fifteen cocultures were generated from six HGH-secreting
adenomas and these tissues were inoculated into the nude
mouse. Ten of the 15 inocula gave rise to tumors after an
average of 1.6 months. Nine of these tumors are currently
maintained in culture. Five of these cultures have generated a
set of second-generation tumors in the nude mouse (Table 1).

Thirty-three prolactinomas provided 47 cocultures for tu-
morigenic assay in the nude mouse. Thirty three tumors arose
with incubation periods in the nude mouse ranging from 0.25
to 6.75 months. Twenty-eight of these tumors are being main
tained and passaged in culture. Seven tumor expiants were
reinoculated into the nude mouse and six second-generation

tumors formed.
Lastly, eight nonsecretory adenomas generated 14 cocultures

with C3H 10T1/2 cells for inoculation into the nude mouse.
Eight tumors arose s.c. after 0.5-7.5 months. All tumors are
being propagated in culture while one has been passaged
through the nude mouse, giving rise to second- and third-

generation tumors.

The tumorigenic potential of freshly excised adenoma tissues
or primary cultures of adenoma cells were also evaluated in the
nude mouse. Freshly excised tissues derived from five acrome
galie adenomas, six nonsecretory adenomas, and two prolacti
nomas were inoculated s.c. into the nude mouse. In addition,
primary cultures derived from one acromegalie adenoma, five
nonsecretory adenomas, one ACTH-producing adenoma, and
12 prolactinomas were also examined. No tumor has arisen in
the nude mouse despite hormonal stimulation. This contrasted
markedly with the results obtained with the cocultures of ade
noma and C3H 10T1/2 cells. Four control inoculations of 1-5
x IO6C3H 10T1/2 cells and five inoculations composed of 1-
5 x IO7C3H 10T1/2 cells were also made into the nude mouse

after prolonged culture (5 weeks) without passage. No tumor
was generated throughout the 3 months of observation.

When the duration of coculture of the pituitary adenoma
cells and the C3H 10T1/2 cells were correlated with their
tumorigenic potential, it appeared that specific periods of co
culture for each adenoma type before inoculation were neces
sary for tumorigenic transformation. For the ACTH adenoma
cocultures, the shortest period of coculture for induction of
tumorigenicity was 2.9 months. In the HGH acromegalie ade-
noma-C3H 10T1/2 cocultures, tumorigenic transformation was
observed as early as 1.75 months while most prolactinoma
cocultures did not become tumorigenic until the two tissues had
been in contact for at least 7 months. The nonsecretory ade-
noma-C3H 10T1/2 cocultures became tumorigenic after 4
months of contact. The tumorigenic induction capacity of each
adenoma type, therefore, mirrored their clinical growth poten
tial in the human. When cocultures were maintained for longer
periods, no increase in tumorigenic rate was observed indicating
that coculture for the specific periods observed was adequate
for tumorigenic transformation.

Expiant Cultures of NMTs. Cells in the NMT expiant cultures
were generally spindle shaped forming interlocking patterns.
Epithelial cell islands were occasionally observed. Two NMTs
derived from two nonsecretory adenomas (JSW-NMTn and
TCU-NMTn) and one derived from a GH-secreting adenoma
(JH-NMTÂ¡6) have been further ring cloned and characterized.

Southern Blot Analysis of NMT Clone Genomic DNA. The
tumors excised from the nude mice were examined by routine
histology and a sarcomatous pattern was invariably observed.3

Since this suggested a fibroblastic origin of the tumor cells, the
genomic DNA of NMT cells were subjected to Southern blot
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analysis to determine the presence of human cells in the tumors
(12). NMT cells were homogenized and genomic DNA was
extracted by phenol and chloroform before being cleaved by the
restriction endonuclease EcoRl and analyzed by agarose gel
electrophoresis. After transfer to nitrocellulose membranes, the
DNA blots were probed with 32P-labeled Alu, HGH, c-myc, and
H-ras probes using C3H 10T1/2, normal human pituitary
gland, human acromegalie adenoma, human prolactinoma, hu
man retinoblastoma (Y-79) cell and human lymphoblast (GM-
3887) cell genomic DNA as controls. No smears were observed
with the NMT DNA using the [32P]Alu probe indicating the

absence of a significant number of human cells in each tumor.
Each tumor must therefore be composed of mouse cells. The
absence of bands in these blots when the [32P]Alu probe was

used further indicated that no integrated human genetic mate
rial was found in the NMT cellular genome (Fig. 2). The tumors
must therefore have arisen from transformed mouse fibroblasts
after coculture with the human cells. The absence of a band
when [32P]HGH cDNA was used as probe further indicated the

absence of any HGH gene in the NMT cells. Lastly, the bands
observed in the JSW-NMT,,, JH-NMT,6, and TCU-NMT17
clonal DNA when \32P]c-myc or H-ras were used as probes
indicated a mouse origin of the clonal c-myc and H-ras genes
instead of a human origin. These data additionally imply tu-
morigenic transformation of the C3H 10T1/2 cells upon co
culture with metabolically active human adenoma cells without
any transfer and incorporation of human DNA from the ade
noma cells.

DISCUSSION

This report describes the genesis of tumors in the nude mouse
from inoculations of cocultures of two nontumorigenic cell
types: mouse C3H 10TI/2 fibroblasts and human pituitary
adenoma cells. Since the tumors were sarcomas not composed

of human cells, they must have arisen from mouse fibroblast
cells transformed after coculture with the human cells. Our
coculture system therefore presents a unique symbiotic mi-
croenvironment. In the cocultures, one cell type, the fibroblasts,
provided a trophic influence on the adenoma cells enabling
them to plate down, come into contact with the feeder layer,
and secrete hormones. This contact in turn transformed the
feeder cells which became tumorigenic in the nude mouse
despite eventual degeneration of the adenoma cells.

The formation of tumorigenic cells from cocultures of two
nontumorigenic parents is unique. One member of the cocul
tures, human pituitary adenoma cells, was derived from human
tumors. These cells were not, however, tumorigenic in the nude
mouse when inoculated alone despite hormonal stimulation of
the animals (7-10). The mouse C3H 10T1/2 feeder cells were

also not tumorigenic when inoculated alone despite the inocu
lation of a large number of cells (5 x IO7) (11). Even though

spontaneous transformation of C3H 10T1/2 cells in long term
culture could occasionally occur, such an occurrence would
be highly unlikely in this study since none of the long term
C3H 10T1/2 cultures used as control inoculations gave rise to
tumors. The formation of mouse tumors from cocultures of
these two cell types thus implied a cooperative effort between
them leading to the tumorigenic transformation of the mouse
cells. This cooperative effect leading to C3H 10T1/2 tumori
genic transformation appears unique to human pituitary ade
noma cells. Cocultures between C3H 10T1/2 and nontumori
genic Madin-Darby canine kidney epithelial cells have been
similarly generated and coinoculated into the nude mouse. No
progressively growing nodules have so far been observed.3 The

interaction between human pituitary adenoma and C3H IOTI/
2 cells could have occurred at either the genetic level through
cellular hybridization (21 -25), or at an epigenetic level such as
the secretion of transforming substances from the adenoma
cells (26-31). Alternatively, C3H 10T1/2 tumorigenic transfor-

1 234 123456789

Fig. 2. Southern blot analysis of nude
mouse tumor (JSW-NMT,3, JH-NMT,6, and
TCU-NMT,,) genomic DNA using 32P-labeled

human Alu and HGH gene probes. A, when
the [3JP]Alu probe was used, no smear or band
was observed in the genomic DNA derived
from TCU-NMT,, (lane 2), JH-NMT,6 (lane
3), and JSW-NMT,, (lane 4) while dense la
beling was demonstrated with DNA obtained
from the human retinoblastoma cell line (Y-
79) (lane I). B. the |3;P]HGH probe labeled

EcoRl digested fragments of the HGH gene in
genomic DNA derived from a human pituitary
gland (lane 5). a human acromegalie adenoma
(lane 6), a human prolactinoma (lane 7), the
human retinoblastoma cell line (Y-79) (lane 8)
and the human fibroblast cell line (GM-3887)
(lane 9). No labeling of the C3H IOTI/2 (lane
/) DNA and genomic DNA derived from
TCU-NMT,, (lane 2), JH-NMT,6 (lane 3),
and JSW-NMT.j (lane 4) was observed. X-
phage DNA digested with restriction endonu
clease Hindlll was used as the molecular
weight marker.
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mation may have been induced as a result of cell-cell contact
(32). Cellular hybridization across species lines leading to the
transfer of a transforming gene from the adenoma cells to the
C3H 10T1/2 cells seems unlikely since there was an absence of
Alu or HGH sequences in the nude mouse tumors when their
genomic DNA was subjected to Southern blot analysis. It is
therefore likely that tumorigenic transformation of mouse cells
occurred as a result of an epigenetic event(s).

Some cancers produce peptides called TGFs which, in the
environment of the cancer, have the capacity to induce the
expression of in vitro transformation phenotypes in fibroblastic
cells (33-35). Certain TGFs are chemically similar to known
mitogens such as the epidermal growth factor. These factors
are believed to act in an autocrine fashion. At the same time,
many transformed cells also synthesize peptides as products of
oncogenes which are structurally related to known growth
factors or their receptors. The peptides encoded by the sis and
erb-B or neu genes are similar to the platelet-derived growth

factor and the epidermal growth factor receptor, respectively
(29-31). It is therefore likely that the substances secreted by
human pituitary adenomas which induced the tumorigenic
transformation of the C3H 10T1/2 cells were growth promot
ing factors as well. The secretion of the classical TGFs has
mainly been the property of malignant tumors and not benign
ones such as pituitary adenomas. Thus other known mitogens
secreted by pituitary adenomas should be considered. Growth
hormone and prolactin are both mitogens which act directly or
indirectly on their respective target tissues. Growth hormone
exerts its anabolic effects through the action of somatomedins,
the insulin-like growth factors, which are essential to the growth

of rat pituitary tumor GH3 cells in defined medium (36, 37).
Prolactin stimulation has been linked to the genesis of mam
mary tumors (38). Since these two hormones were secre
ted in tumorigenic cocultures of human adenoma cells and
C3H 10T1/2 cells,' they could have behaved as transforming

growth factors which induced tumorigenic transformation after
prolonged stimulation of their susceptible target mouse C3H
10T1/2 cells. The fact that no tumor formed from inoculations
of fresh adenoma fragments or primary adenoma cultures would
support this view. Tumorigenesis is a multistep process. The
acquisition of immortality in culture is one step involved in the
development of tumorigenic potential. Cell lines which have
already acquired this property could be more susceptible to the
effects of transforming factors. In fact, the C3H 10T1/2 cell
line has been observed to form tumors when inoculated while
maintained on a certain substratum which supported growth
(39). It is therefore more likely that the mouse C3H 10T1/2
fibroblast cells used as feeder cells in this study were the ones
transformed to tumorigenic cells in the presence of transform
ing growth factors produced by the adenoma cells instead of
nude mouse cells which have never adapted to growth outside
their natural environment. This possibility is currently being
investigated with the use of adenoma conditioned media on
C3H 10T1/2 cells.

Alternatively, normal and transformed cells might establish
communication through the formation of junctional complexes
(32). Growth inhibition of transformed cells by the transfer of
growth modulating substances from nontransformed cells
through gap junctions was observed. It is conceivable that the
reverse might take place in other transformed-nontransformed

cell cocultures such as the one described in this investigation.
In such a situation, transforming elements would be transferred
from the adenoma cells through junctional complexes to the

C3H 10T1/2 cells which induced the tumorigenic transforma
tion of the latter cells.

After the cocultures were injected into the nude mouse, s.c.
tumors appeared after varying latency periods. Aside from the
ill-defined selective processes to which the cells were subjected
in the animals, a number of factors in the cocultures might also
contribute to the difference in tumor latency. First, the level of
transforming activity might fluctuate due to the fluctuating
secretory activity of each adenoma and the amount of ade
noma cells in each coculture. Second, the susceptibility of each
C3H 10T1/2 culture to external transforming influences also
might differ. Third, since the exact time of C3H 10T1/2 cell
tumorigenic transformation was unknown, the period between
transformation and cell inoculation into the nude mouse would
vary from coculture to coculture. In this situation, the number
of transformed cells inoculated would differ between the cocul
tures. Thus tumors appeared at different times after inoculation.
It is therefore likely that when tumorigenic transformation
occurs early in coculture, a larger number of transformed cells
would be attained for inoculation such that these cells give rise
to tumors earlier. Conversely, when the number of transformed
cells inoculated is small, it would likely require more time
before they adapt to the new host environment for growth into
a tumor.

In conclusion, the induction of tumor formation in the nude
mouse from cocultures of two nontumorigenic parents is
unique. The lack of significant human cells in these tumors
and the absence of gene transfer from adenoma cells to
C3H 10T1/2 cells suggests that mouse fibroblasts gave rise to
the tumors after contact with the adenoma cells. In the cocul
tures, the adenoma cells most likely exerted their tumor pro
moting effect through an epigenetic event such as the secretion
of transforming growth substances. Growth hormone and Prl
are secreted by adenoma cells and thus pose as strong candidates
for these transformation-inducing factors especially when ap
plied to cells which have already acquired immortality in cul
ture. Cellular communication through junctional complexes
might also take place leading to the transfer of transforming
substances.
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