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Factor ÃŸiin Murine Keratinocytes1
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ABSTRACT

Human carcinoma cell lines are frequently refractory to the antiprolif-

erative effect of the autocrine growth inhibitor transforming growth factor
ÃŸi(TGF-ÃŸ,) and often express mutant forms of the iunior suppressor gene

p53. Therefore, we wished to determine whether mutant p53 affects the
cellular response to 11;!â€¢-/;,.A murinep53 complementary DNA carrying

an activating point mutation was introduced into TGF-ÃŸ,-sensitive

HAI HAIR mouse epidermal keratinocytes by retroviral infection. Mp53
transformed cells displayed a spindle-type morphology and expressed

between 0.02 and 0.7 ng of mutant p53/mg total protein. Furthermore,
whereas TGF-ÃŸ,caused approximately 90% maximal inhibition of DNA

synthesis of parental IIAI.HAIK cells, the Mp53 transformants were in
hibited by less than 70%. The median inhibiting dose of TGF-ÃŸ, was

4.07 Â±1 (SE) PMfor BALB/MK cells, but ranged from 2.4 to 11.2 PMand
from 11.7 to 40 PM for two different sets of Mp53 transformants, and
increased as a function of the amounts of mutant p53 protein that were
expressed. Our findings suggest that mutant forms of p53 inhibit the
antiproliferative effect of TGF-ÃŸ, by interfering with its signaling path

way.

INTRODUCTION

The p53 tumor suppressor gene product is a 375-amino acid nuclear

phosphoprotein, which was first identified as one of the cellular pro
teins that binds SV40' large T-antigen (1). Numerous genomic and

complementary DNA clones of p53 have been described which are
capable of immortalizing primary cells in culture and of transforming
primary rat embryo fibroblasts in cooperation with ras oncogenes (2).
Such mutants of Â¡>53are found with very high frequency in common
human malignancies, such as colon-, lung-, and breast carcinomas, as

well as in brain tumors and in chronic myelogenous leukemia in blast
crisis (3, 4). Mutations of p53 are also common in SqCCs of the skin
(5) as well as the head and neck region (6-9). Interestingly, these

transforming forms of p53 encode mutant proteins with a prolonged
half-life, which are capable of inactivating the wild-type protein
by forming heterotetrameric complexes (dominant-negative effect)

(10, 11). However, in many cases of human cancer, one of the two
alÃelesof p53 is mutated, and the second alÃeleis lost. This suggests
that mutant p53 proteins may possess dominant oncogenic activity,
above and beyond their ability to inactivate the wild-type protein.

Experimental support for this notion comes from three sources. First,
tumor cells that do not express wild-type p53 (p53w() acquire a pro
liferati ve advantage when transfected with mutant p53 (p53mu) (12).
Second, transfection of p53mu into immortalized primary human bron
chial epithelial cells (in which p53wl is inactivated by SV40 large

T-antigen) results in a more rapid rate of growth and increased tum-
origenicity (13). Finally, p53m" enhances the transcription of genes
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such as MDR\, which is associated with multidrug resistance and
cancer progression, whereas p53wl lacks this activity (14).

One way in which malignant epithelial cells acquire a proliferative
advantage is by escaping negative forms of growth control, exerted by,
e.g., TGF-ÃŸ, (15). TGF-ÃŸ|, a M, 25,(XX) dimeric polypeptide, is a

potent autocrine inhibitor of the growth of primary epidermal kerat
inocytes (16-19). Keratinocytes produce and secrete TGF-ÃŸ, and
express cell-surface receptors for this growth factor ( 16, 20). Biolog
ical actions of TGF-ÃŸ| include the inhibition of DNA synthesis and

cell proliferation, as well as the stimulation of keratinocyte differen
tiation (18, 21, 22). Recent studies have shown that many types of
carcinomas, including SqCCs of various origin, are often refractory to
growth inhibition by TGF-ÃŸ,,whereas the growth of nontumorigenic
epithelial cells is inhibited by TGF-ÃŸ,(20, 23-26). In most cases, the
mechanisms of resistance to TGF-ÃŸ,remain unclear. With the excep
tion of retinoblastoma cells and a subset of chemically induced TGF-
ÃŸi-resistant mutant mink lung epithelial cells, virtually all TGF-ÃŸ,-
resistant tumor cell lines express cell surface receptors for TGF-ÃŸ,,

suggesting the loss of one or more elements of the postreceptor
signaling pathway (20, 25, 27-30).

The role of p53w as a growth suppressor gene, its frequent muta

tions in common epithelial malignancies, and the high frequency of
resistance of these same types of tumors to the antiproliferative effect
of TGF-ÃŸ, suggested the possibility that mutations of p53 might
interfere with the transduction of the antiproliferative signal of TGF-

ÃŸ,.This notion is supported by our recent finding that somatic cell
hybrids of a SqCC line that expresses high levels of p53mu and

nonneoplastic human keratinocytes no longer express the mutant pro
tein and are sensitive to TGF-ÃŸ,(31, 32). Furthermore. Gerwin et al.

(13) reported recently that the sensitivity of human bronchial epithe
lial cells to TGF-ÃŸ, was reduced when they were infected with a
retroviral expression vector for p53'"".

In order to investigate whether the response to TGF-ÃŸmight be

altered by mutations of p53, we introduced a mutant gene with known
transforming activity into BALB/MK cells (18). The transfectants
acquired a spindle-type morphology and were partially resistant to
TGF-ÃŸ,,suggesting that p53"'u protein interacts negatively with cell

ular target molecules involved in TGF-ÃŸ, signaling. Whether this
target protein is the wild-type form of p53 or another protein is not
clear at this point, although other studies have suggested that inacti-
vation of wild-type p53 does not affect cellular responsiveness to
TGF-ÃŸ,(33, 34). The effect we observed appears to be specific for
p53mu, inasmuch as we (35-37) and others (38^40) have demon

strated in earlier studies that overexpression and/or activation of a
variety of other cellular oncogenes does not alter the responsiveness of
keratinocytes to TGF-ÃŸ.

MATERIALS AND METHODS

Materials. Hpidermal growth factor, insulin, transterrin. and sodium selen
ite were obtained from Collaborative Research (Bedford. MA). MCDB1S3
powdered media, amino acids, hydrocortisone, triiodothyronine. ethanolamine,
and phosphoethanolamine were purchased from Sigma Chemical (St. Louis.
MO). Bovine pituitary extract was obtained from Hammond Cell Technology
(Alameda. CA).

X99

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/4/899/2452825/cr0530040899.pdf by guest on 19 M

ay 2023



l>53 AND RESISTANCE TO TOF-ÃŸ,

Cell Culture. BALB/MK mouse keratinocytes (38) and transformed clones
were maintained in serum-free basal MCDBI53-LB medium, supplemented

with bovine pituitary extract (70 ug protein/ml), epidermal growth factor
(10 ng/ml). insulin (5 ug/ml). transferrin (5 ug/ml), selenium (5 ng/ml), hy-
drocortisone ( 1.4 X IO"7 M), triiodothyronine ( I0~* M), ethanolamine ( IO"4 M),
phosphoethanolamine (10â„¢*M), and gentamicin (10 ug/ml) as previously de
scribed (MCDB 153-LB** medium) (20).

Retroviral Vectors and Gene Transfer. The p53 complementary DNA
used in these studies was derived from the methylcholantrene-induced Metti A

mouse fibrosarcoma (41) and encodes a mutant form of Â¡>53with a single
amino acid substitution at position 132 (Cys->Phe) (p53'"~ph<;) (41). This
p5ji.i2-piK js ab|e to Â¡njuce malignant transformation of primary rat embryo

fibroblasts in cooperation with Ha-ra.Ã§(2) and to induce pi 17 mouse papilloma

cells to give rise to severely dysplastic papillomas or to carcinomas in vivo
(42). In order to increase the probability of detecting a biological effect.
p53"-pht' was packaged into three different helper-free retroviral vectors,

MD53. Mp53. and amv-53. as previously described by Dotto et ai. (43). In the
Mp53 and amv-53 vectors, the p53l32"phe complementary DNA is under the

transcriptional control of the retroviral long terminal repeat (derived from
murine sarcoma virus and myeloproliferative sarcoma virus, respectively),
whereas in the MD vector it is under the control of a SV40 virus early
promoter. Control infections were performed with the parental pC6M~ neo

vector, in which the neomycin phosphotransferase gene is driven by the my
eloproliferative sarcoma virus long terminal repeat (43, 44). BALB/MK cells
(20-30% confluent) in 100-mm culture dishes were incubated with 2 ml of
undiluted ecotropic helper-free virus stock, produced in M'-2 helper cells, in the

presence of 8 ug/ml polybrene (Aldrich Chemical Co.. Milwaukee. WI) for 2
to 4 h at 37Â°C.Fresh medium was then added. After 48 h. cells were trypsinized

and plated at 0.8 x IO6cells/KX)-mm plate in the presence of Geneticin (G418;

Gibco) (150 ug/ml). After approximately 14 days, individual colonies were
ring-cloned and expanded in culture for phenotypic analysis.

Detection of Mutant p53 Protein by ELISA. For the quantitation of
mutant p53 protein expressed in BALB/MK transformants, confluent cultures
were lysed in .v/'fuin a buffer composed of 150 HIMNaCl, 50 imi Tris (pH 8.0),

5 niM EDTA, 1% (v/v) Nonidet P-40. 1 niM phenylmethylsulfonyl fluoride
(Sigma), 20 ug/ml aprotinin (Sigma), and 25 Mg/ml leupeptin for 30 min at 4Â°C.

After clarification of the suspension by microcentrifugation, aliquots of the
supernatant were assayed in a mutant p53-selective quantitative "sandwich"

ELISA (Oncogene Science, Inc., Manhasset. NY), in which the mouse mon
oclonal antibody Ab240 and a polyclonal rabbit anti-p53 antibody serve as

capture and reporter antibodies, respectively. The detection system consists of
horseradish peroxidase-conjugated goat anti-rabbit IgG and 2,2'-azino-di-

(3-ethyl-beny.thia/oline sulfonate) as the substrate. The colored reaction prod

uct was quantified using a MR5000/7000 microplate reader (Dynatech Labo
ratories. Chantilly, VA).

Detection of Mutant p53 Protein by Western Blot. Cell lysates were
prepared as described above. After clarification, protein extracts were resolved
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (8% acrylamide,
0.5% bis-acrylamide) and transferred to nitrocellulose paper in a buffer com

posed of 25 nui Tris (pH 8.0), 192 mm glycine, and 20% (v/v) methanol. using
an Owl Scientific electroblotting apparatus (USA Scientific Plastics, Ocala,
FL). Duplicate filters were incubated for I h at 20Â°C in blocking buffer

containing 20 imi Tris-HCI (pH 7.5) and 500 mv NaCl (TBS) supplemented

with 5% (w/v) Carnation dry milk and 0.1% (w/v) sodium a/ide. followed by
12 to 16 h at 4Â°Cin TBS containing either I ug/ml anti-p53 mouse monoclonal

antibodies Ab240 or Abl22 (Oncogene Science, Inc., MineÃ³la. NY) or an
isotypic nonspecific mouse control IgG (PharMingen, San Diego. CA). The
monoclonal antibody Ab240 recognizes the tertiary structure of many of the
mutant forms of the p53 protein (45) but not the wild-type protein, whereas
Ab 122 recognizes the COOH-terminal portion of all wild-type and mutant

proteins (46). Following three washes in TBS, the filters were incubated for
2-3 h at 20Â°Cwith a 1:500 dilution of peroxidase-conjugated rabbit anti-mouse

IgG, antibody (Calbiochem, San Diego, CA). After four washes with TBS. the
filters were incubated with ECL Western blotting reagent (Amersham, Arling
ton Heights. IL) as recommended by the manufacturer and exposed to Hyper-
film-ECL (Amersham) at 20Â°Cfor 15-60 s in order to visualize specific

protein bands.
Measurement of the Effect of TGF-ÃŸ, on DNA Synthesis. Confluent

cultures in 24-well cluster dishes were refed fresh medium and treated with

human recombinant TGF-ÃŸ, (Oncomembrane. Inc., Seattle. WA) for 20 h.
Cells were then labeled with 5 uCi/ml of [mer/iy/-'H]thymidine (specific ac
tivity, 0.5 Ci/mmol) for 2 h at 37Â°C.We determined in control experiments that

the contribution of endogenously synthesized thymidine to DNA synthesis is
minimized in medium containing K) UMthymidine, without a significant in
hibition of endogenous nucleotide synthesis. The amount of cold trichloroace-
tic acid-precipitable, hot perchloric acid-soluble radioactivity was determined

in a Beckman LS 7500 scintillation spectrometer in the presence of Optifluor

(Packard Instrument Co., Inc.. Downers Grove, IL).
Tumorigenicity Assay. Cells were detached from culture flasks by

trypsinization, washed once with phosphate-buffered saline, and injected in-
tradermally into syngeneic BALB/c mice (5 x IO6 cells in 100 ul phosphate-

buffered saline/injection).

RESULTS AND DISCUSSION

Morphological Transformation of BALB/MK Cells Expressing
the Mutant Form of p53. Nonneoplastic BALB/MK mouse kerati
nocytes are exquisitely sensitive to the inhibition of growth by TGF-ÃŸ,
with an IC5(, of 2-5 pM( 19, 22, 38). In order to determine whether an

activating mutation of p53 might alter the responsiveness of mouse
BALB/MK keratinocytes to TGF-ÃŸ,, we introduced p53'12-phe into

these cells, using three distinct helper-free retroviral vectors, MD53,
Mp53, and amv-53 (43). Control infections were performed with the
parental pC6M~ neo vector (43, 44). Two separate sets of retroviral

infections yielded a total of 28 individual G418-resistant BALB/MK
clones in the experimental group (MD53, 8; Mp53, 12; amv-53, 8) and
a total of 12 clones in the control group (pC6M~ neo). The morphol

ogy of approximately one-half of the clones in the experimental group

was clearly different from that of parental BALB/MK cells (Fig. 1).
These transformed cells demonstrated a striking spindle-type mor

phology in contrast to the more rounded, cobblestone appearance of
parental BALB/MK cells. These morphological changes were remi
niscent of those observed by Weissman and Aaronson (38, 39) in
BALB/MK cells infected with Rous sarcoma virus and feline sarcoma
virus but have not been seen in cells that overexpressed v-Ha-ra.c,
c-tnyc, c-fos, or bovine papilloma virus 1 (35-39). Interestingly,

highly anaplastic carcinomas induced in mouse skin by chemical
carcinogens display a similar spindle-type morphology in vivo (47),
and cell lines derived from these tumors are refractory to TGF-ÃŸ

in vitro (48).
The transformed clones were screened for the expression of mutant

p53 protein by ELISA. Fig. 2 shows that 15 of the 28 p53l32-phe

transformed clones expressed detectable levels of Ab240-reactive mu

tant p53 protein. Each of the clones derived from infection with the
Mp53 vector expressed detectable levels of mutant p53 protein. Only
two expressors were found among the 8 amv-53 transformants, only
one among the 8 MD53 transformants, and none among 9 pC6M-neo
control clones (see Fig. 2). The spindle-type morphology was ob

served in each of the clones that expressed mutant p53 but not in any
of the control cell lines (Fig. 1). The concentrations of mutant p53
protein detected in the p53 transformants ranged from 0.02 to 0.68
ng/mg total protein, compared to 1.35 and 1.11 ng/mg protein in
extracts of two human SqCC lines (A431 and FaDu), which were
included as positive controls (see Fig. 2).

It is not clear, at this point, why Mp53 transformants expressed
relatively low levels of mutant p53 protein. Differences in transcrip
tional activity provide, perhaps, the most likely explanation. The
retroviral long terminal repeat may represent a weaker promoter than
endogenous promoters. On the other hand, differences in protein
turnover may also have played a role. The p53 proteins are degraded
by the ubiquitin-dependent protease system (49). The activity of this

enzyme system may be higher in BALB/MK than in human carcinoma
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Fig. 1. Morphology of BALB/MK cells and
Mp53 transformed clones. Cells were grown to con-

fluency and photographed through a Nikon Diaphot
phase-contrast m
cells and control
play the normal
nocytes grown in
the Mp53 transÃ'

croscope. Parental BALB/MK
anst'ormants (pC6M-neo. 11) dis-

ibblestone appearance of kerati-
alcium-free medium. In contrast,
med cells displayed a spindle-

shaped morphology in dense culture, with a fihro-
blastoid growth paltem. Two of these clones. Mp53.5
and MpS3.ll. are shown as examples. X 450.

cells, or p53"2'phc may be more susceptible to degradation than other

mutant proteins (50).
The integrity of the mutant p53 protein was confirmed by Western

blot, using the Ab240 monoclonal antibody (see Fig. 3). A band with
an apparent molecular size of M, 53,000 was detected in extracts of
each of the Mp53 transformants (Fig. 3), MD53.11, amv-53.3, and
amv-53.6 (not shown), but not in any of the pC6M-neo clones (Fig. 3).

P5ji32-Phe Transformants Are Partially Resistant to TGF-ÃŸ,. In
order to determine the effect of p53"2 phe on the cellular responsive

ness to TGF-ÃŸ|, we compared the DNA-synthetic activity of Mp53
transformants treated with TGF-ÃŸ,to that of control clones. Fig. 44
displays the effect of TGF-ÃŸ, on the incorporation of |me//iv/-'H|-

thymidine into DNA of Mp53 transformants in comparison with pa
rental BALB/MK cells. TGF-ÃŸl maximally inhibited DNA synthesis

in the Mp53 transformants by 68.6 Â±1.6% (mean Â±SEM), compared
to 87.5 Â±0.6 in BALB/MK cells (Fig. 4A) (P < 0.01. one-sided
analysis of variance). Thus, the maximal response to TGF-ÃŸ, was
significantly decreased in cells expressing p53"2"phc. In contrast, each

of the control transformants exhibited a response similar to that of
BALB/MK cells (Fig. 4B). The 1CÂ«,of TGF-ÃŸ,was 3 to 10 times

higher for the Mp53 transformants than for parental BALB/MK cells.
In contrast, the 1CÂ«,of TGF-ÃŸ,for the pC6M-neo transformants was

similar to that for BALB/MK cells (Fig. 4, inset). Thus, expression of
p53112"phc decreased the maximally achievable inhibition of DNA

synthesis by TGF-ÃŸand shifted the dose-response curve to the right.

These observations are consistent with both noncompetitive and com
petitive mechanisms of inhibition of cellular proteins that mediate the
action of TGF-ÃŸi(51). p53"2~1>hemay suppress transcription of the

genes encoding such proteins, or it may render them inactive through
direct protein-protein interactions.

This effect of p53'-12"pl"-"on TGF-ÃŸ, responsiveness apparently

represents an acquired dominant function conferred by the mutation.
Mutant p53 proteins have been shown to inactivate p53"' by forming

heterotetrameric complexes (IO, 11). However, three types of exper
imental evidence suggest that p53wl itself is probably not required for

cells to respond to TGF-ÃŸ,.First, the majority of human keratinocyte

strains immortalized by human papillomavirus type 16 or 18 (in which
p53wl is degraded under the influence of the E6 protein) remain

sensitive to TGF-ÃŸ(20, 33, 34). Second, some carcinoma cell lines
that do not express p53wl continue to be sensitive to inhibition of
growth by TGF-ÃŸ(52). Finally, the induced expression of p53wt in

TGF-ÃŸ-resistant carcinoma cells that do not express any endogenous
p53 did not restore their sensitivity to TGF-ÃŸ.4

Apart from their ability to inactivate p53WI,mutant p53 proteins can

also display a dominant oncogenic effect on cellular phenotypes.
which is apparent even in the absence of p53WI.For example, expres

sion of mutant p53 protein in tumor cells that have lost both wild-type

alÃeles increases their tumorigenicity (12). Similarly, mutant p53
transfected into SV40-immortalized human bronchial epithelial cells,
in which p53wl is inactivated by the large T-antigen, greatly enhanced

their tumorigenicity and decreased their responsiveness to TGF-ÃŸ
(13). These gain-of-function activities of mutant forms of p53 can be
the result of novel protein-protein interactions or of activation of
transcription of target genes not ordinarily activated by p53wl.

Oncogenic point mutants of p53 appear to associate with certain
cellular proteins with a greater affinity than p53wl does. These include

the heat shock protein hsc70 (53, 54) and the mdm-2 gene product p90

(55, 56). Whereas heat shock proteins appear to control the subcellular
localization of p53 (57). p90 forms a tight complex with the wild-type

p53 protein, resulting in the inhibition of its transactivator function
(56). Any of these cellular proteins that interact with p53 may be
involved in transducing the antimitogenic signal of TGF-ÃŸ,and may
represent targets for the oncogenic effect of p53'32'phc.

Whereas p53wl is known to bind to specific DNA sequences, and

this interaction results in transcription of reporter genes, most mutant
forms of p53 appear to be defective on both accounts (58). In vivo,
p53wl suppresses the transcription of numerous cellular and viral

genes. Mutant proteins appear to have either no effect on the tran
scription of these genes or to enhance their expression, such as, e.g.,
in the case of MDR\ (14). Thus, an alternative explanation for the
effect of p53l32"pht' on TGF-ÃŸ,responsiveness may be the increased

transcription of a gene or genes, the products of which counteract the
effect of TGF-ÃŸ,.This possibility is currently under investigation in

our laboratory.

4 L. Brenner and M. Reiss. unpublished observations.
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Mp53.1Mp53.2Mp53.3Mp53.4Mp53.5Mp53.6Mp53.7Mp53.10Mp531IMp53.12Mp53.13Mp53.14MD53.2MD53.6MD53.8M

D53.9MD53.10MD53.11MI353.1

2g
MD53.13=

omv53.4O
,imv53.5am\53.6nmv53.10,imv53.ll,imv53.13amv53.l4pC6M-nco.lpC6M-neo.2pC6M-neo.3pC6M-neo.4pC6M-neo.5pC6M-neo.6pC6M-neo.7pC6M-neo.8pCbM-lH'0.9pC6M-neo.10pC6M-neo.llpC6.M-neo.12

A431l:.iDuâ€¢â€¢â€¢â€¢mm^^mm*^^m*^^mm<mfgtiâ€¢â€¢â€¢^â€¢-H^â€¢B.mmm^m^m^^m-Mâ€”â€¢hH^â„¢^m

0.2 0.6 0.8 1 1.2
Mutant p53

(ng/mg lot.il protein)

1.6

Fig. 2. Detection of mutant p53 protein by ELISA. Cellular extracts of BALB/MK
transformants were analyzed for the presence of mutant p53 protein by ELISA, as
described in "Materials and Methods." Each of the Mp53 transformed clones, but only two

of the amv-53 and one of the MD53-infected clones, expressed mutant p53 protein. None
of the control (pC6M-neo-infected) clones expressed mutant protein. Lysates of human

squamous carcinoma cell lines A43I and FaDu were included as positive controls (62).
The concentrations of mutant p53 protein detected in the p53 transformants ranged from
0.02 to 0.68 ng/mg total protein, compared to 1.35 and 1.11 ng/mg protein in A431 and
FaDu cell extracts, respectively.

In our study as well as in that reported by Gerwin et al. (13), the
overexpression of p53mu only led to a partial loss of sensitivity to

TGF-ÃŸi. Thus, the loss of responsiveness of keratinocytes to TGF-ÃŸ,
may be a function of the level of p53mu expression. The transformants

that we obtained with the Mp53 virus expressed a lower level of
mutant protein than, for example, FaDu and A431 SqCCs, which are
completely refractory to TGF-ÃŸ(20). Furthermore, somatic cell hy

brids of FaDu cells and nonneoplastic human keratinocytes no longer

express the mutant protein and have reverted to being sensitive to
TGF-ÃŸ| (31, 32). An alternative explanation for the fact that p53mu

caused only reduced but did not eliminate the cellular responsiveness
to TGF-ÃŸmay be that the growth-inhibitory signal is transduced

through more than one parallel pathway. This notion is indirectly
supported by studies of tumor progression in an in vivo model of
transformation of human keratinocytes recently reported by Boukamp
et al. (40). The spontaneously immortalized nontumorigenic human
keratinocyte line HaCat was transfected with an activated c-Ha-ras

oncogene. All of the resultant clones were tumorigenic (40). Some
formed benign papillomas, while others gave rise to invasive squa
mous cell carcinomas in a skin grafting assay. Only expiants of the
invasive cancers were refractory to the inhibition of growth by TGF-ÃŸ

in vitro. Since the parental HaCat line and all of the derived lines carry
two mutant p53 alÃeles,these studies suggest that genetic changes
above and beyond the activation of p53 and c-Ha-ras are required to
convert human keratinocytes to a completely TGF-ÃŸ-resistant and

invasive phenotype.
The effect of mutant p53 on the responsiveness of keratinocytes to

TGF-ÃŸiappears to be specific for this cellular oncogene. First of all,

none of the clones obtained by infection with a control vector became
resistant to TGF-ÃŸ,.Second, we and others have shown that overex

pression of various other cellular oncogenes in BALB/MK cells as
well as in primary mouse and human keratinocytes does not result in
TGF-ÃŸ,resistance or in the striking morphological changes observed
in this study. These include nuclear oncogenes, such as c-mvc and
c-fos, as well as members of the ras gene family (36, 37, 40). Fur

thermore, the introduction of the transforming genes of oncogenic
human and bovine papillomaviruses into keratinocytes also does not
alter the response of cells to TGF-ÃŸ(34, 35, 38, 39). In fact, large
T-antigen of SV40 and the adenovirus EIA gene are the only trans

forming genes that have been associated with a reduced sensitivity of
keratinocytes to TGF-ÃŸ(59, 60). These observations suggest the in

teresting possibility that cellular proteins that associate with SV40 and
adenovirus proteins but not with papillomavirus proteins (such as,
e.g., p300; Ref. 61) might play a role in transducing the signal of
TGF-ÃŸ.

Tumorigenicity of p53 Transformants. In order to determine
whether the introduction of p53' was sufficient to convert
BALB/MK cells to a tumorigenic phenotype, Mp53 as well as pC6M-

neo transformants were injected intradermally into syngeneic mice.
No tumors were detected in any of the animals that have been fol
lowed for at least 90 days since they were injected. Gerwin et al. (13)
reported recently that SV40-immortalized BEAS-2B human bronchial

cells became highly tumorigenic when they were made to express a

Fig. 3. Western blotting of p53 protein from
transformed cell lines. The expression of mutant
p53 protein in Mp53 transformed cells was con
firmed by Western blotting. Parallel blots were in
cubated with the Ab240 monoclonal antibody that
recognizes mutant forms of p53 (top row) and with
an iaotypic nonspecific control IgG {bottom row).
Each of the Mp53 transformed cell lines expressed
u Mr 53,(XX)protein, which was specifically recog
nized by Ab240 and which was not detectable in
extracts of control transfectants. Extract from A431
cells was used as a positive control.

p53-

Ã¶ NÂ»â€ž¿�fyA .>
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TCFSI (pMl

Fig. 4. El't'ecl of TGF-ÃŸ, on the DNA synthesis of transformed cell lines. Confluent

cultures of BALB/MK cells, Mp53-, and pC6M-neo-transformants were treated with
TGF-ÃŸior vehicle only for 20 h and then labeled with [mrf/iv/-'H]thymidine for 2 h. The

amount of trichloroacetic acid-precipiiable, perchloric acid-soluble material was deter
mined by liquid scintillation spectrometry. Points, meuns 4 experiments, with triplicate
samples per data point: Aon. SEM. A. â€¢¿�BALB/MK; â€¢¿�Mp53.IO; A. Mp53.ll; Â»,
Mp53.12: D. Mp53.l3; O, MP53.I4. B. â€¢¿�BALB/MK: â€¢¿�pC6M-neo.3; A. pC6M-
neo.4: Â»,pC6M-neo.8; LJ, pC6M-neo.9; A. pC6M-neo. 11. Insets, means and SEM of the
ICio values calculated from Lineweaver-Burke plots constructed for each of 4 sets of

experiments.

mutant form of p53. It is possible that the tumorigenic potential of
different p53 mutants varies or that other genetic differences between
the BALB/MK and BEAS-2B cells are responsible for the differences

in tumorigenicity.
In summary, our data indicate that the mutant p53l32"phc tumor

suppressor gene causes loss of sensitivity of BALB/MK keratinocytes
to TGF-ÃŸ|,presumably by interfering with its normal signaling path

way. This escape from negative growth control may represent one of
the mechanisms whereby mutations of p53 in human cancer contribute
to the malignant phenotype.
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