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The mechanism of growth inhibition by transforming growth factor (TGF)-81 was investigated. We
examined the growth inhibitory effects of TGF-51 on human nasopharyngeal carcinoma (KB) cells
which constitutively expressed p53. TGF-51 suppressed the DNA synthesis of KB cells in a dose-
dependent manner. It had minimal effect on adenovirus-2-transduced XB cells expressing either
adenovirus early region 1B (E1B) or 1A (E1A) product, which respectively binds to p33 or Rb product
and inhibits its function, and no growth inhibition at all was observed with KB cells expressing both
E1B and E1A products. Dephosphorylation of the p53 was promoted by TGF-81 stimulation in KB
cells, but not in E1B-producing KB cells, which sequestrate the function of p53. The growth inhibition
of KB cells by TGF-51 was significantly reduced by treatment with okadaic acid. These results
suggest that p53 transduces the antiproliferative signal of TGF-51 possibly through its dephosphoryla-

tion.
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Transforming growth factor (TGF)}31 is a growth
inhibitory factor which exists in tumeor cells as well as in
certain normal cells,” and inhibits the passage to S phase
in the cell cycle by acting on the late G1 phase.>* This
factor is known to inhibit cell division by suppressing the
phosphorylation of retinoblastoma gene product (pRb)¥
or the expression of c-mye.™® Another putative factor or
factors in the signaling pathway of TGF-81 has been
suggested to exist on the basis of the fact that TGF-51
suppresses the growth of cells without Rb expression® or
down-regulation of c-myce expression.'® 1! p33, like pRb,
inhibits the expression of c-myc,» ™ and arrests the cell’s
passage from the late G1 phase to S phase.''> However,
transfection of a mutated p33 gene in some epithelial cell
lines has been proved to nullify their responsiveness to
TGF-31.19

Based on these facts, we hypothesized that cell growth
regulation by TGF-51 and p53 may proceed by a
common pathway and that p53 functions, as has been
suggested by some other researchers, as a signal acceptor
for TGF-A1. To test this hypothesis, we used KB-8, KB-
18 and KB-16 derived from human nasopharyngeal car-
cinoma KB cells: these had been transfected with adeno-
virus-2 cIDNA to express its early region 1A (E1A) gene
product, early region 1B (E1B) gene product, and the
products of both, respectively.’” Since the E1A and E1B

' To whom requests for reprints should be addressed.
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products bind to and thereby deactivate pRb'® and p53,'?
respectively, it is plausible to expect that these trans-
fectants would escape growth regulation by TGF-31.

KB (a human nasopharyngeal carcinoma), KB-8 (KB
transduced with E1A), KB-18 (KB transduced with
E1B), and KB-16 (KB transduced with both E1A and
E1B) were obtained from Yukijirushi Laboratories Inc.,
Tokyo. The cells were grown in RPMI 1640 medium
supplemented with 109 fetal calf serum (FCS, Gibco
BRL, Gaithersburg, MD). Cells were incubated in the
presence of 1-10 ng/ml human recombinant TGF-81
(Nakarai, Kyoto) for 24 h in RPMI 1640 containing 2%
FCS.

For Western blot analysis, cells were seeded at a den-
sity of 5 10° cells per 35 mm dish. After incubation for
24 h, cells were washed once with ice-cold 25 mM Tris-
HCl, 150 mM NaCl, pH 8.0 and lysed with 50 mM
Tris-HCl, 150 mM NaCl, 1% Triton X-100, 1 mM
phenylmethylsulfonyl fluoride (PMSF), and 0.2 U/ml
aprotinin, pH 8.0 for 30 min at 4°C. The lysates were
cleared by microcentrifugation for 15 min at 4°C, the
protein concentration of the supernatant was deter-
mined, and 100 gg aliquots of each lysate were analyzed
by 7.5% sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) under reducing conditions,
Proteins in the gel were electrophoretically transferred
onto Immobilon-P (Millipore) membranes. The mem-
brane was probed with monoclonal antibody against Rb
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{Ab-2, Oncogene Science, Uniondale, NY) or p53 (Ab-2,
Oncogene Science). The antigen-antibody complex was
detected by using an ABC-kit (Vector Laboratories, Inc.,
Burlingame, CA).

A million cells were incubated with 10 ng/ml of
TGEF-51 for 24 h and labeled for the last 3 h with 1
mCi/ml *P-orthophosphate (specific activity 9,000 Ci/
mmol; ICN Bicmedicals, Irvine, CA) in phosphate-free
Dulbecco’s modified essential medium (P~ -DMEM) con-
taining (0.5% dialyzed FCS. The labeling was terminated
by three washes with P -DMEM. Then cells were
lysed with RIPA buffer (50 mM Tris-HCl, 120 mM
NaCl, 0.5% NP-40, 100 mM NaF, 0.2 U/ml aprotinin,
1 mM PMSF, 10 gg/ml leupeptin, pH 8.0) for 30 min at
4°C. The lysate was collected and cleared by micro-
centrifugation for 20 min at 4°C, and the supernatant
was recovered. Supernatant containing 500 ug of total
cellular protein was incubated with 1 gg/ml of anti-p53
antibody, followed by 1 sg/ml rabbit anti-mouse IgG
as described previously.? Immunoprecipitates were
collected by absorption on protein A-Sepharose (Phar-
macia Fine Chemicals, Uppsala, Sweden). Protein A-
Sepharose beads were washed five times with RIPA
buffer, boiled in electrophoresis sample buffer in the
presence of dithiothreitol, and subjected to 12.5% SDS-
PAGE. The gel was fixed, dried and exposed to Kodak
AR film at —70°C for 1 day.

Cells were seeded at a density of 1 X 10* cells per well
into 24-well plates in RPMI 1640 medium supplemented
with 10% FCS and incubated at 37°C for 24 h. They
were then washed three times with RPMI 1640 medium
and replaced with the same medium containing 2% FCS
and TGF-81 at the concentrations indicated. Cultures
were incubated at 37°C for 20 h and pulsed for 4 h with
0.2 £Ci/ml of *H-thymidine. Each well was then rinsed

with phosphate-buffered saline, fixed with methanol for
10 min, dissolved in 0.1 N NaOH and heated to 60°C
for 20 min. Radioactivity was determined by liquid scin-
tillation counting. Assays were performed in triplicate,
and results are represented as percentage (meanzt SD)
incorporation of radiolabel into DNA in comparison to
untreated control cells. '

Analysis of cell proliferation was performed by mea-
suring mitochondrial function as an indicator of cell via-
bility, e.g., by cleaving 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyl tetrazolium bromide (MTT) (Promega, Madi-
son, WI) to form a colored formazan product. The MTT
test to assess cell viability was carried out by seeding
5,000 cells/well into 96-well plates for each condition,
and cultures were incubated for 3 days. Following stan-
dard processing, the absorbance at 550 nm was measured
with an enzyme-linked immunosorbent assay reader. The
results were expressed as follows:

corrected absorbance of test well
untreated control well

X 100.

First, we examined p53 in these cell lines by Western
blotting, and found more intense bands in KB-18 and
KB-16 than in the parental KB cells (Fig. 1a). This was
evidence that p53 had been stabilized by the formation of
a complex with E1B protein (55 kd) in these cells: the
presence of this complex was confirmed by immuno-
precipitation followed by Western blotting with KB-18
and KB-16 cells (Fig. 1c). We also investigated the form
of p53 (wild type or mutated) in these cells, because it
has not previously been determined which types of p53
are capable of binding to the E1B protein. Single strand
conformation polymorphism (SSCP) analysis revealed
no abnormalities in highly conserved boxes II to V,
which are known to contain hypermutation points in the

Fig. 1. Immunoblot analysis of p53, E1B bound p53, and pRb in KB, KB-8, KB-16, and KB-18 cells. Cell extract (100 ug) of
each cell line was electrophoresed and transferred onto Immobilon-P membrane, To detect E1B-bound p53 in cells, cell extract
was reacted with anti-E1B antibody immobilized Sepharose beads, and immunoprecipitated proteins were electrophoresed (c).
The blots were probed with anti-p53 antibody (a, ¢), and with anti pRb antibody (b). The antigen-antibody complex was

visualized by using ABC-kit as described in the text.
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Fig. 2. Effect of TGF#1 on DNA synthesis of KB, KB-§,
KB-16, and KB-18 cells. Statistical analysis was performed by
using Student’s ¢ test.
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Fig. 3. Effect of TGF-81 on p53 phosphorylation in parental
KB cells and constitutively E1B gene-expressing KB cells.
KB and KB-18 cells were incubated with or without 10 ng/ml
of TGFA1 for 24 h and labeled with ¥P-orthophosphate for
the last 3 h.

p33 gene (data not shown). Expression of Rb in these
cells was also examined: as expected, cells expressing
El1A product (KB-8, KB-16) showed stronger expression
of Rb on the Western blot (Fig. 1b), indicating E1A-Rb
complex formation. The sensitivity of KB, KB-8, KB-18
and KB-16 cells to TGF-81 was then determined. DNA
synthesis in KB cells decreased to 50% of the initial level
after incubation with 10 ng/ml of TGF-81 for 8 h, and
plateaued for at least 24 h (data not shown). Therefore,
an incubation time of 24 h was chosen for the following
experiments. Growth suppression at various concentra-
tions of TGF-81 was determined in these cells.

TGF-51 Action Linked to p53

1504

100- '
] I

501

Cell proliferation (% of control)

0

TGF-B1 (ng/mD ¢ 1 10 10 10 10 ©
Okadaic acid (nM) 0 ¢ 0 102101 1

Fig. 4. Effect of a protein phosphatase inhibitor, okadaic
acid, on the sensitivity of KB cells to TGF-51. Cells were
incubated with TGF-51 in the presence or absence of okadaic
acid for 72 h in 96-well microtiter plates. Cell viability was
then determined by means of the MTT test.

Dose-dependent suppression of DNA synthesis by
TGF-£1 was clearly observed in KB cells, while sensitiv-
ities to TGF-51 were significantly reduced in KB-8 and
KB-18, and almost no sensitivity was observed in KB-16
(Fig. 2). These results are compatible with our hypo-
thesis that KB cells become TGF-81-insensitive upon
transfection with the E1B gene, whose product sequesters
p53 from the signaling pathway of TGF-51. The above
results are also consistent with an earlier report that cells
became insensitive to TGF-A1 when they were trans-
duced with the viral oncogenes SV40 large T antigen and
E7 protein, which are known to bind to pRb.*

The nature of the growth suppression signals trans-
duced by p53 is unknown. It is believed that, like pRb,
p53 is involved at some point in the transcriptional
suppression of the cell eycle-related genes c-myc™” and
c-f0s,'" although the mechanism is unknown. Further-
more, linkage of the growth suppressive function with
unphosphorylated p53 is currently receiving much atten-
tion; the more highly phosphorylated forms were seen
during the S and G2/M phase of the cell cycle, whereas
the underphosphorylated p33 forms were found in Gl
phase and in the growth-arrested state.®?? Recently, it
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was demonstrated that the inhibition of cell growth by
P53 was mediated by cyclin-dependent kinase-interacting
proteins ! (cipl) or wild type pS3-activated fragment 1
(WAF1).%* The p33 protein was also found to be
phosphorylated in vitro by cdc2 protein kinase in a cell
cycle-dependent manner: this was taken to indicate that
its antiproliferative activity is regulated by the phos-
phorylation state.”® Recent studies have afforded con-
tradictory results; two confirmed antiproliferative effects
of phosphorylated p53,*" % while another found no such
correlation.®

In this context, we further explored the effect of
TGF-S1 on p53 phosphorylation in KB cells. p53 phos-
phorylation was inhibited by TGF-51 stimulation in
parental KB cells, but not in XB-18 cells, which con-
stitutively express E1B (Fig. 3), whereas no remarkable
change in the p53 protein level was observed by the
metabolic labeling/immunoprecipitation method (data
not shown). To prove the involvement of p53 dephos-
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