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ABSTRACT

Transforming growth factor-a (TGF-a) is a potent mitogen for a variety

of epithelial and mesenchymal cells and is commonly expressed in many
human tumors and tumor cell lines. Frequently, this creates a potential
autocrine circuit for growth stimulation in these cells; however, this is
occurring in a background of other mutation-generated events. To deter
mine the significance of the TGF-a circuit alone, we expressed the human
TGF-a cDNA in a diploid human foreskin fibroblast strain, 7-25, under
the control of the cytomegalovirus immediate early promoter-enhancer
region and screened transfectants for TGF-a expression by Northern

analysis and by immunoprecipitation. Partially processed forms (Mr
24,000 and 20,000) of the recombinant TGF-a were observed in cell lysates

and a Mr 5500 fully processed form was secreted by the fibroblasts into the
media. TGF-a-expressing clones showed an altered morphology and an
increased saturation density (1.4- to 2.1-fold) but did not exhibit anchor
age-independent growth in soft agarose or the ability to form tumors in
nude mice. Additionally, expression of recombinant TGF-a did not extend
the lift-span of these fibroblast clones. Scatchard analysis revealed approx
imately IO5 epidermal growth factor (EGF) receptors on the surface of

these human fibroblasts, indicating that the failure of TGF-a expression to

strongly transform these cells is not due to low EGF receptor levels. These
data suggest that cell type plays an important role in determining the
transforming ability of TGF-a.

INTRODUCTION

TGF-a4 is a potent mitogen for a variety of epithelial and mesen

chymal cells (for reviews, see Refs. 1 and 2). TGF-a has a high

affinity for the EGF receptor and appears to mediate its effects through
this receptor (3, 4). TGF-a was originally isolated from the condi
tioned medium of Moloney sarcoma virus-infected fibroblasts (5).
Subsequently, expression of TGF-a has been found in various cell
lines transformed by oncogenes, viruses, and carcinogens (6-10).
TGF-a is also expressed in numerous human tumor cell lines and
tumors (11-15). Expression of TGF-a is not limited to transformed

cells, as it has been detected in embryos in early development (16, 17)
and some normal adult cells, including activated macrophages (18),
neurons (19), and pituitary cells (20). Furthermore, the addition of
EGF, TGF-a, or phorbol ester to keratinocytes induces the transient
expression of TGF-a (21, 22).

The observation of TGF-a expression in many types of human

neoplastic cells, which contain EGF receptors, suggests that stimula
tion of the EGF receptor pathway through an autocrine or a paracrine
mechanism could contribute to the growth potential of these neoplas
tic cells. To test this hypothesis, human and rodent cell lines have been
transfected with expression vectors containing the TGF-a gene, and
the resultant phenotypes were characterized. Expression of TGF-a in
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mouse mammary epithelial cells (NOG-8) (23, 24) and Rat-1 cells

(25) resulted in cells that were tumorigenic in nude mice and formed
colonies in soft agarose. In contrast, expression of TGF-a in NRK

cells (23, 26), NIH 3T3 cells (12, 27), and human mammary epithelial
cells (MCF-10A) (6) resulted in cells that formed colonies in agarose

but were not tumorigenic in nude mice. Studies with transgenic mice
that received a transgene consisting of a TGF-a cDNA under tran-

scriptional regulation of either the mouse mammary tumor virus en
hancer-promoter or the mouse metallothionein 1 promoter (28-30)

produced mice that developed mammary and hepatocellular carcino
mas, respectively, at a low frequency.

The present study was undertaken to determine the extent to which
expression of recombinant TGF-a would induce transformation in

diploid human fibroblasts. For this purpose, we transfected diploid
human fibroblasts with an expression vector containing a cDNA of
human TGF-a and determined the phenotypic effects that resulted.

The acquisition of transformed phenotypes by human fibroblasts ex
pressing TGF-a would provide evidence that TGF-a expression could

contribute to the pathogenesis of human mesenchymal tumors.

MATERIALS AND METHODS

Cell Culture. A primary human fibroblast strain (strain 7-25) was initiated

from a foreskin sample of a newborn by the previously described method (31)
and was used in this study. This human fibroblast strain and other human tumor
cell lines were maintained in DME medium supplemented with 10% FBS.
Electroporation of human cells was done as described previously (32).

The PDL of a cell clone was estimated by adding the total number of
doublings the cell clone had undergone. The number of doublings at each
passage was calculated with the equation:

In (NF/N,)

In 2

in which NF is the final cell number at each passage and N, is the number of
cells seeded.

For the saturation density assay, 3 X IO5 cells at approximately PDL 38

were seeded per 60-mm-diameter dish and grown to confluence in DME

medium supplemented with 10% FBS. Three days after the cells became
confluent, cell counts were completed and the saturation densities were cal
culated.

Plasmids. pT7T318 (a generous gift from Dr. Jeffrey Kudlow, University
of Alabama) was digested with EcoRl, and the 900-base pair fragment, which
contains a cDNA of human TGF-a, was ligated into the vector pCMV-Neo to
obtain pCMVTGF-Neo. In pCMVTGF-Neo, the cDNA of TGF-a is immedi
ately downstream from the human CMV immediate-early enhancer-promoter
region and is immediately upstream from the SV40 late mRNA polyadenyla-
tion signal. pCMVTGF-Neo also contains the neo gene, which is under the

regulation of the SV40 early promoter region and is flanked downstream by the
late mRNA polyadenylation signal from SV40. This plasmid confers G418-

resistance to mammalian cells. The plasmid pSV2neo, which also confers
G418-resistance, has been described previously (33).

RNA Isolation and Northern Blot Analysis. Total cellular KNA was
isolated by the guanidium isothiocyanate technique as described by Chirgwin
et al. (34). RNAs were denatured and electrophoresed through a 1.2% agarose
gel containing formaldehyde (35). RNAs were transferred by capillary action
onto either Zeta-Probe (Bio-Rad Laboratories, Richmond, CA) or Nytran
(Schleicher and Schuell, Keene, NH) membranes. The blots were baked, pre-

hybridized, hybridized, and washed as described (36). The blots were exposed
to Kodak XAR-5 film along with an intensifying screen at -80Â°C. To remove
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the probe from the blot, the blot was washed twice with 0.5% SDS-O.I X SSPE
(IX SSPE x 1 m.MEDTA, 0.15 M NaCl, 0.01 M NaH2PO4, pH 7.4) at 95Â°C.

Immunoprecipitations. Immunoprecipitations were performed as de
scribed (37) with minor modifications. Cells were seeded at a density of 2 x
lO'YIO-cm-diameter dish. One day after the cells were seeded, cells were
labeled for 6 h with 3 ml of cysteine-free Earle's minimum essential medium

containing ( ifiS]cysteine (600 jjCi, specific activity >600 Ci/mmol; Amersham

Corp., Arlington Heights. IL). Labeled cells were lysed in 25 min Tris, pH 8.0,
150 nun NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, 1 mw
phenylmethlysulfonyl fluoride buffer and passed 6 times through a 27-gauge

needle to shear chromosomal DNA. For each dish being labeled, a replicate
dish seeded with the same number of cells was trypsinized and the number of
cells determined. The lysates from an equivalent number of labeled cells were
clarified by centrifuging at 100,000 X # for 30 min. The labeled conditioned
media from an equivalent number of labeled cells were clarified by centrifug
ing at 10,000 x g for 30 min. Both the clarified cell lysates and the conditioned
media were preadsorbed with normal rabbit serum bound to protein A-agarose

(Repligen Corp., Cambridge, MA). The preadsorbed cell lysates and condi
tioned media were immunoprecipitated by adding a monoclonal antibody
directed against TGF-a (Oncogene Science, Manhasset, NY), incubating for 60
min at 4Â°C.adding protein A-agarose prebound with rabbit anti-mouse immu-

noglobulin (Jackson Immunoresearch Laboratories, West Grove, PA), and in
cubating for an additional 30 min at 4Â°C.Immunoprecipitated pellets were

collected by centrifuging at 10,000 x g for 3 min, washed 3 times with 25 m.w
Tris, pH 8.0, 150 HIMNaCl. 1% Nonidet P-40, 0.5% sodium deoxycholate,

0.1% SDS, I iriMphenylmethlysulfonyl fluoride buffer, and then washed once
with l<7rNonidet P-40, 10 ITIMTris, pH 7.4. Immunoprecipitates were resus-

pended in 62.5 ITIMTris. pH 6.8. 2% SDS, 5% 2-mercaptoethanol, and 10%
glycerol and treated at 95Â°Cfor 3 min. Samples were resolved with a 15%
SDS-polyacrylamide gel. The gel was treated with EN'HANCE (DuPont
Corp., Boston, MA) according to the manufacturer's instructions, dried, and

exposed to Eastman Kodak XAR-5 film at -80Â°C.

Mitogenesis Assay. Control cells (NEO-EP) and CMVTGF-a C5 were
grown to near confluence in 10-cm-diameter dishes. To collect the mitogenic

activity secreted by cell cultures, 5 ml of DME medium supplemented with 200
ug/ml of bovine serum albumin (tissue culture grade; Sigma Chemical Co., St.
Louis. MO) were added to each dish and incubated for 24 h. Cell counts were
completed for each dish of NEO-EP and CMVTGF-a C5 and found to be
equivalent. The serum-free, conditioned media were concentrated 30-fold us
ing Millipore Centricon 3 microconcentrators (Bedford. MA). NEO-EP cells
(PDL 39) were seeded into 96-well plates and grown to confluence in DME

medium containing 200 ug/ml bovine serum albumin and incubated for 24 h.
Aliquots of the concentrated media were added to individual wells, and 16 h
later, the medium was supplemented with 2 uCi of [mfi/iv/-'H|thymidine (18

Ci/mmol; Amersham) per well and incubated for an additional 8 h. The wells
were rinsed with phosphate-buffered saline, and trichloracetic acid-insoluble
counts were quantitated by scintillation counting. Recombinant human TGF-a,

used as a positive mitogen control, was obtained from Collaborative Research
(Bedford. MA).

Anchorage-Independence Assay. The assay was completed as described

previously (38). To determine that the transfected human clones were not close
to senescence and therefore unable to colonize in agarose, plating efficiency on
plastic was determined by plating 200 cells into a 60-mm-diameter dish con
taining 5 ml of Ham's F12 medium supplemented with 10% FBS.

Tumorigenicity Assay. Weanling male athymic nude mice (HarÃanSpra-
gue-Dawley, Madison, WI) were injected s.c. with 5X10" cells/site. For each

clone, a total of 4 sites were injected (2 sites/mouse). Mice were monitored
weekly for 4 months for the presence of tumor growth.

EGF Receptor Binding Assay. NEO-EP cells were seeded at 1 X IO5

cells/well in 24-well plates. Two days later, cells were washed twice with DME

medium containing 0.1% BSA. Binding reactions were performed in 0.5 ml
DME medium-0.1% BSA containing 0.4 nin I25l-labeled EGF (specific activity,

1260 Ci/mmol; Amersham) and various concentrations of unlabeled EGF
(Amersham) for 4 h at 4Â°C.Nonspecific binding was determined using a

100-fold excess of unlabeled EGF, and duplicate samples were used for all
concentrations. Wells were washed 4 times at 4Â°Cwith DME medium-0.1%

BSA and the remaining radioactivity was solubilized for counting with 0.2 N
NaOH-0.1% SDS. Cell number was determined from additional wells seeded

as above. Scatchard analysis of the data was performed using a computer
program assuming a single class of binding sites.

Statistical Analyses. The Wilcoxon rank sum test was used for all statis
tical analyses.

RESULTS

Establishment of Human Fibroblast Clones That Express
TGF-a. The expression vector pCMVTGF-Neo was introduced into
normal, diploid human fibroblasts by electroporation. G418-resistant

colonies that did not show premature signs of senescence were iso
lated and expanded in culture. The control cells for these experiments.
NEO-CP and NEO-EP, were 2 independently derived pools of G418-

resistant colonies from a transfection of human fibroblasts with
pSV2neo alone.

To screen the G418-resistant clones for expression of the recombi
nant TGF-a gene, we measured the levels of TGF-a RNA by Northern
blot analysis (Fig. 1). TGF-a-specific RNA was found in 6 clones; the
size of the TGF-a RNA was 1.6 kilobases, which is the expected size
of the TGF-a transcript encoded by pCMVTGF-Neo. Southern blot

analysis of the genomic DNA from these 6 clones revealed that 5
clones contained approximately one copy of pCMVTGF-Neo,
whereas the other clone (CMVTGF-a C51) contained approximately

10 copies (data not shown).
To determine the sizes and expression levels of TGF-a protein in

these transfectants, NEO-CP and NEO-EP control cells and several
pCMVTGF-Neo clones were metabolically labeled with |15S]cys-

teine, and the conditioned media as well as the cell lysates were
immunoprecipitated with a monoclonal antibody directed against the
50-amino-acid, fully processed TGF-a (Fig. 1A ). As shown in Fig. 2A
(left panel. Lane 4), the monoclonal antibody specific for TGF-a

recognized unique Mr 5500 and 24,000 polypeptides from the condi
tioned medium of CMVTGF-a C5. The M, 5500 species corresponds
to the mass of the fully processed, 50-amino-acid human TGF-a,

whereas the Mr 24,000 species presumably is the partially processed
TGF-a species that has not undergone an amino-terminal cleavage
(39). The amimo-terminal segment of TGF-a is glycosylated (39),

which probably accounts for the MT 24.000 species migrating as a
diffuse band in SDS-polyacrylamide gel electrophoresis. Similar
TGF-a polypeptides were detected in immunoprecipitates from addi
tional CMVTGF-a clones (Fig. 2A, right panel), although at levels
below those seen in CMVTGF-a C5. A unique M, 20,000 species was
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Fig. 1. Northern blot analysis of RNA from G418-resistant clones of human fibroblasts

transfected with pCMVTGF-Neo. Total RNAs (20 pg/lane) were electrophoresed in a
1.2% agarose gel containing 0.66 M formaldehyde and transferred onto a Zeta-Probe
membrane. The filter was hybridized with the 12P-labeled EcoRl fragment (900 base pairs)

from pT7T318, which contains the cDNA of TGF-a. After auloradiography, the TGF-a
probe was washed off and the membrane was rcprobed with the cDNA of ral muscle
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) to serve as a loading control.
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Fig. 2. Expression of TGF-a species in CMVT-
GF-a clones and human tumor cell lines. A, sub-
confluent dishes of the indicated cells were labeled
for 4 h with ["SJcysteine. TGF-a species were

immunoprecipitated from the conditioned media
(C.M.) and cell lysates (lys.) using a monoclonal
antibody specific for TGF-a. Bands of interest are

indicated (right}- The migration of protein stan
dards in the left panel fiel is indicated (arrow
heads). The molecular masses of the standards are
M, 46,000,30,000,21,500,14,300,6500, and 3400.
B. total RNA was purified from subconfluent dishes
of A549. HOS, HT1080. NEO-EP, CMVTGF-a
C5, CMVTGF-a C33. and CMVTGF-aC34. Lev
els of TGF-a RNA encoded by the recombinant

gene (1.6 kilobases) or the endogenous gene (4.8
kilobases) were quantitated by Northern blot anal
ysis using a TGF-a-specific probe (see Fig. 1). The
membrane was exposed to Kodak XAR-5 film for
48 h; an extended exposure of 11 days was required
to readily visualize TGF-a RNA in A549 cells

(A549 long exp.. Lane I). After stripping the blot,
it was reprobed with a glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) probe as a loading con
trol (bottom panel).
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immunoprecipitated from the the cell lysate of CMVTGF-a C5 (Fig.
2, Lanes 3 and 8) and is most likely partially processed TGF-a that

has not undergone a proteolytic cleavage at the site previously shown
(40) to release TGF-a into the medium.

Northern blot analysis of TGF-a-specific RNA was used to com
pare the levels of TGF-a synthesized by the CMVTGF-a clones to the
levels of TGF-a synthesized by human tumor cell lines (11). Fig. 2B
shows detectable levels of the endogenous TGF-a RNA species in

samples from A549 and HT 1080 tumor cells; the level of the recom
binant 1.6-kilobase TGF-a RNA in all of the cell clones was substan
tially higher. Interestingly, endogenous TGF-a RNA transcripts were

observed in 2 fibroblast clones (C5, C33) expressing the recombinant
TGF-a gene, whereas no endogenous TGF-a transcripts were seen in

the control (NEO-EP) cells. The level of TGF-a protein production in

A549 and HT 1080 cells was below the limit of detection for our
immunoprecipitation analysis (data not shown).

The conditioned media from confluent cultures of CMVTGF-a C5
and NEO-EP were compared for their ability to stimulate DNA syn
thesis in serum-starved human fibroblasts. As shown in Table 1, the
conditioned medium from CMVTGF-a C5 contained approximately
5.7-fold more mitogenic activity than the conditioned medium from
NEO-EP, which is consistent with CMVTGF-a C5 secreting a func
tionally active TGF-a species (Fig. 2A, Lane 4).

TGF-a Alters the Morphology and Increases the Saturation
Density of Diploid Human Fibroblasts. When human fibroblasts
expressing TGF-a were grown to confluence, they exhibited a refrac-
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tile morphology unlike normal human fibroblasts at confluence (Fig.
3, C and D, versus A). Cells expressing TGF-a grew in compact,

elongated cords arranged in parallel arrays. Normal human fibroblasts
grown in medium supplemented with 10 ng/ml of TGF-a acquired a
morphology identical to the CMVTGF-a clones (Fig. 3, B versus C
and D). TGF-a production also increased the saturation density of
human fibroblast cultures (Table 2). Both the cells expressing TGF-a

and normal human fibroblasts growing in medium supplemented with
10 ng/ml of TGF-a had a saturation density that was 1.4- to 2.1-fold

higher than normal human fibroblasts (Table 2).

Table 1 Effect of conditioned medium from CMVTGF-a C5 cells on l3HÂ¡thymidine
incorporation into serum-slan'ed human fÃ¬broblasts"

AdditionsNoneTGF-aNEO-EP

mediumCMVTGF-a

C5 mediumAmount

added20

pg'100

pg0.1
ml0.5
ml2.5
ml0.1
ml0.5
ml2.5

ml[3H|Thymidine

incorporationh4,332

Â±36210,1
10Â±2.02835,260

Â±6305.001
Â±8834,818
Â±5678,209

Â±82213.
487Â±56722,231

Â±1,48247.033
Â±5.924

" Conditioned media from 24-h cultures of CMVTGF-a C5 and NEO-EP were con

centrated 30-fold using Millipore Centricon-3 microconcentrators. Aliquots of the con
centrated, conditioned media were added to serum-starved human fibroblasts previously
grown in 96-well plates; 16 h later, each well was supplemented with 2 uCi of [3H]-

thymidine and incubated 8 additional h.
* Data are trichloroacetic acid-insoluble counts per well. Values represent the average

of 3 wells Â±SD.
' The total volume of each well was 200 (al.

To test for another in vitro phenotype associated with transformed
cells, we assayed the ability of TGF-a to induce human fibroblasts to
grow in soft agarose. As shown in Table 2, neither the CMVTGF-a
clones nor normal human fibroblasts seeded in the presence of TGF-a

grew in soft agarose. In striking contrast, the clone CMV.Ã¯/sC44, a
human fibroblast clone that was transfected with a c-sis expression
vector and that stably expresses a high level of the c-sis gene product,

grew at a high frequency in soft agarose (Table 2).
Comparison of the lifespans of CMVTGF-a clones to normal hu

man fibroblasts showed that the expression of TGF-a did not extend

the normal lifespan (Table 2). Finally, in an in vivo test of transfor
mation, human fibroblasts expressing TGF-a did not form tumors

when they were injected s.c. into nude mice (Table 2).
Diploid Human Fibroblasts Contain Normal Levels of EGF

Receptors. The increased saturation density of the CMVTGF-a

clones, as well as the mitogenic response exhibited by the control cells
grown in the presence of exogenous TGF-a, implied the presence of
functional receptors for TGF-a (i.e., EGF receptors) on these cells. To

verify this, we sought to determine the number of EGF receptors on
the surface of these cells in an EGF receptor binding assay. We used
NEO-EP cells to avoid ligand-induced down-regulation of the recep

tor that might be expected to occur in cells expressing high levels of
TGF-a. Scatchard analysis of the data yielded an apparent K,, value of
1.575 X 10~9 M and a receptor density of 99,000 receptors/cell for

human fibroblasts (Fig. 4). This agrees well with the value previously
reported in the literature for EGF receptor density on human fibro
blasts (41). Thus, we believe that the lack of anchorage independence

Fig. 3. Cell morphology of CMVTGF-a clones. Photomicrographs of confluent cultures of NEO-EP (A ), NEO-EP grown in medium containing 10 ng/ml of TGF-a (B ), CMVTGF-a
C5 (C), and CMVTGF-a C33 (D).
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Table 2 In vilw and in vivo phenotypes of human fibroblasts expressing TGF-a

Cells"CMVTGF-a

C5CMVTGF-aCI3CMVTGF-a

C33CMVTGF-a
C34CMVTGF-a
C51CMVTGF-a
C57NEO-CPNEO-EPNEO-EP

+TGF-a10

ng/ml1(X)
ng/mlCMV.HÃ•

C44HT
1080Monolayer

saturation
density

(cells/cm2)''.Ox

10-v.3x
IO5.5

xIO5.Ox
IO5.Ox

IO5ND'6.3

xIO47.3
xIO41.2

xlO5NDr1.8

xIO5ND'Agarose

colonies/
5 x 10-'

cellsseeded'01.5

Â±0.600.3

Â±0.5000.5

Â±0.60.5
Â±0.61.0

Â±00.5
Â±0.6493

Â±28NDPopulation

doublings
in lifespan^6074554966496168NDND51NDTumori-genicity0/40/40/40/40/4NDND0/4NDND0/44/4

' Nude mice received injections of 5 x IO6 cells/site. Mice were monitored for 4

months. The latency period for the tumors induced by the injection of HTI080 cells was
7 days.

b Saturation density of cells (PDL 381 grown in DME medium supplemented with 10%

FBS. Data represent the average of 3 dishes. SD were <9% for each group.
' For the anchorage-independence experiment, in each 35-mm-diameter dish, 5 x 10'

cells (PDL 38) were seeded in 1 ml of 0.33% SeaPlaque agarose in Ham's FI 2 medium

supplemented with 4% FBS. Twelve days after seeding the cells, colonies >75 |jm were
counted. Data represent the average of 4 dishes Â±SD. The plating efficiencies on plastic
for the CMVTGF-a clones and control cells were as follows: CMVTGF-a C5, 18.4%;
CMVTGF-a C13, 27.9%: CMVTGF-a C33, 38.1%; CMVTGF-a C34, 16.6%; CMVT
GF-a C51, 18.0%; CMVTGF-a C57, 19.1%; NEO-CP. 28.1%; NEO-EP, 29.4%; and

CMVjÂ« C44. 26.7%.
J Number of population doublings in the lifespan of the clone. Cells were maintained

for 4 weeks after their last passage and observed for outgrowth of clonal foci.
' P < 0.001 for pooled data (saturation densities) from the CMVTGF-a clones versus

pooled data (saturation densities) from NEO-CP and NEO-EP.
'ND, Not determined.

0.02

U.

â€¢¿�o

I
0.01

0.00
10 20

Bound (pM)
30

Fig. 4. Scatchard analysis of EOF receptors (ree) in human fibroblasts. '25I-labeled
EOF receptor binding assays were performed using NEO-EP cells as described in "Ma
terials and Methods." Values for Kj and maximal binding capacity (BmaJ were deter

mined by computer analysis assuming a single class of binding site.

and tumorigenicity phenotypes in these TGF-a-expressing clones is

not the result of low EOF receptor levels in these cells.

DISCUSSION

Platelet-derived growth factor and TGF-a are expressed in a large

array of human tumors (II, 42, 43). The autocrine stimulation of
tumor cells by these growth factors is thought to be a contributing
mechanism leading to the uncontrolled cell proliferation present in
tumors. We previously demonstrated that diploid human fibroblasts
synthesizing a high level of recombinant platelet-derived growth fac-
tor-BB had a refractile morphology, an increased saturation density,
and the ability to grow in soft agarose (36). The ability to grow in soft

agarose is a phenotype associated with the majority of mesenchymal
human tumors (44). In this study, we demonstrate that TGF-a expres
sion induced a "weakly" transformed phenotype in human fibroblasts.

Human fibroblast clones expressing TGF-a had a refractile morphol

ogy and exhibited a slight increase in the saturation density that was
1.4- to 2.1-fold greater than normal cells; however, these cells did not

grow in soft agarose, did not have an extended lifespan, and did not
form tumors when injected into nude mice. The transformed pheno
types seen in CMVTGF-a clones were duplicated by growing normal
human fibroblasts in medium supplemented with TGF-a.

The inability of TGF-a expression to induce additional transformed
phenotypes, such as anchorage-independent growth, is not due to low
expression of the growth factor, because the 3 CMVTGF-a clones that
were examined synthesized a higher level of TGF-a than the tumor

cell lines HT1080, A549, and HOS. These 3 tumor cell lines were
previously shown to synthesize TGF-a at a level representative of

most of the tumor cell lines studied (11). We also demonstrate in this
study that the conditioned medium of CMVTGF-a C5 contained
approximately 5.7-fold more mitogenic activity than the conditioned
medium from the control cells, indicating that CMVTGF-a C5 se
cretes a functional TGF-a species.

In NIH 3T3 cells, the transforming potency of TGF-a is dependent

on the EGF receptor level (12, 27, 45, 46). NIH 3T3 cells containing
an endogenous level of 1 X IO4 EGF receptors showed no growth in

soft agarose supplemented with EGF or TGF-a (45, 46) and low
growth in soft agarose when transfected with a TGF-a expression

vector (12). However, transfecting NIH 3T3 cells with an expression
vector containing the EGF receptor cDNA then resulted in cells that
contained 1 X ICF EGF receptors and had a transformed phenotype
that was EGF- or TGF-a dependent (45, 46). Furthermore, co-expres
sion of a high level of recombinant EGF receptor and TGF-a in NIH

3T3 cells resulted in clones that were tumorigenic and formed colo
nies in soft agarose at a high frequency (12). In agreement with the
results found in NIH 3T3 cells, the expression of recombinant TGF-a
induced tumorigenicity in NOG-8 cells, a mammary epithelial cell
line that contains 1 X IO5 EGF receptors, but did not induce tumor

igenicity in NRK-49F cells, a rat fibroblast-like cell line that contains
1 X IO4 EGF receptors (23). However, our results differ from the

previous studies with NIH 3T3 cells because human fibroblasts con
tain 1 X IO5 EGF receptors (41) (Fig. 4), a relatively high level of

receptors, but the human fibroblasts were only weakly transformed by
TGF-a expression. Thus, from our studies we conclude that the dif

ferentiated cell type is also a critical factor in determining whether
TGF-a induces transformation.

From the results presented here, we speculate that TGF-a expres

sion does not contribute significantly to the pathogenesis of human
mesenchymal tumors. In agreement with such speculation, transgenic
mice that contain a human TGF-a cDNA under the regulation of the
mouse metallothionein-1 promoter expressed TGF-a in most tissues,

but developed tumors only in epithelial tissues and not in mesenchy
mal tissues (28, 30).
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