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Epidermal growth factor (EGF) induces transformed phenotypes in EGF receptor-overexpressing NIH3T3 (ER12) cells. Tyrosine kinase inhibitors

such as erbstalin and its stable analogue methyl 2,5-dihydroxycinnamate inhibited the EGF-induced phenotypic changes in these cells; while

5’-0O-methylerbstatin, an inactive analogue, did not. Methyl 2,5-dihydroxycinnamate inhibited intracellular tyrosine kinase activity in EGF-treated

ER12 cells. Methyl 2,5-dihydroxycinnamate also delayed the EGF-induced DNA synthesis from the quiescent phase ER12 cells without showing

irreversible cytotoxicity. It inhibited the DNA synthesis most efficiently at the early G, phase. Thus, tyrosine kinase inhibitors may modify malignant
phenotypes in EGF receplor-overexpressing neoplasms.
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1. INTRODUCTION

Overexpression of epidermal growth factor (EGF)
receptors has been reported in various tumour cell lines,
and it has been suggested that amplified normal EGF
receptors could contribute to tumcrigenesis [1-3]. The
ERI12 cell line is a transfectant of human EGF receptor
cDNA to the NIH3T3 cell line and shows various types
of phenotypic transformation in response to EGF [4].
Including the ER12 cell line, several laboratories estab-
lished EGF receptor-transfected cell lines and reported
ligand-dependent transformation of these cells [5,0].
For instance, in the presence of EGF, the cells become
less dependent on serum, lose contact inhibition, and
acquire growth advantage and anchorage-independent
growth ability.

The activated EGF receptor has tyrosine kinase ac-
tivity in its cytoplasmic portion, which is essential for
the EGF-EGF receptor-mediated proliferation signal.
Many oncogene products such as Erb B, Erb B2, Fms,
Src, and Abl also have tyrosine kinase activity. Al-
though the main target of the tyrosine kinase is not
known, the kinase of the EGF receptor is considered to
act on phospholipase C-y [7], phosphatidylinositol 3’-
kinase [8], and GAP [9].

Erbstatin was isolated from Strepromyces as an inhib-
itor of EGF receptor tyrosine kinase, and methyl 2,5-
dihydroxycinnamate (2,5-MeC) is a stable analogue of
it [10). Both were shown to delay the onset of EGF-
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induced DNA synthesis in normal rat kidney (NRK)
cells [11]. They also inhibited Src-induced disruption of
actin siress fiber organization and enhanced fibronectin
expression in RSV“-NRK cells [12]. In the present
study, we examined the effect of 2,5-MeC on EGF-
induced morphological transformation, cytoskeletal or-
ganizalion, fibronectin expression, and DINA synthesis
in the ER12 cell line.

2. MATERIALS AND METHODS

2.1. Marerials

The ER12 cell line was prepared as described previously [4]. Calf
serum (CS) was purchased from Gibco. Epidermal growth factor was
purchased from Biomedical Technologies. Erbstatin was isolated from
Strepramyces as described [10). Methyl 2,5-dihydroxycinnamate and
5’-0-methylerbstatin were synthesized in our laboratory. Anti-mouse
fibronectin polyclonal antibody was purchased from UCB Bio-
products; and rhodamine-conjugated phalloidin, from Molecular
Probes [nc. '*I-labelled protein A (3.7 MBg/ml) was purchased from
Amersham,

2.2, Celd culture
ER12 cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM) containing 5% CS at 37°C in a 5% COx¥95% air atmosphere.

2.3, Cellular morphology

ER12 cells (5 x 10%) plated in 24-mm plastic dishes were grown for
16 h before use. Then 10 ng/ml of EGF and test chemicals were added
and the cells were examined by phase-contrast microscopy. Appropri-
alecontrols were run to test the effects of the solvents. All the morpho-
logical and fluorescence s1aining experiments were repeated twice or
more.

2.4. Fluorescence staining
ER12 cells grown on cover glasses were treated with 10 ng/ml of
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Fig. (. lnhibition of EGF-induced disruption of actin {iber arganizatian by 2.5-MeC in ER12 salls. The salls nere ingahated slone (&) with 9
ng/ml of EGF (B), or with EGF and 1.6 g#g/ml of 2,5-MeC (C) for 16 h, and then stained with rhodamin-phalloidin for visualization of actin.

EGF and test chemicals for 16 b and fixed with 3.5% pasalormalde-
hvde in Ca*,Mp**-free phosphate-buffered saline (PBS) for 20 min at
raom lemperatuce. Alter a brief rinse in Ca*" Ma* -free PBS, the fxed
<e))s WETR PEIDEADINZEd Wb D.OE THion XD in Co™ Mgh e
PBS. The cover glasses were washed with Ca* ,Mg**-free PBS and
incubsdted for 20 min at 37°C with rhodamine-cenjugated phalloidin
to detect polymerized actin or with the specific antibody (o detect
fibronectin. They were washed with Ca*,Mg**-free PBS and exam-
ined by fluorescence microscopy.

2.5, Immunoblotting

ER12cells (1.5 x 10%) plated in 35-mm plastic dishes were grown for
16 h belore use. The cells were treated with 10 ng/ml of EGF and test
chemicals for 16 h. After a brief rinse with Ca®*,Mg**-free PBS, the
cells were extracted with 200 4 of radioimmuno precipitation (RIPA)
buffer for 30 min at 4°C. The cell lysates were centrifuged at 15,000
= g for 5 min. Then 100 £ of the supernatant was added to 100 ul of
sample buffer (42 mM Tris-HC), 10% glycerol, 2.3% SDS, 5% 2-
mercaptoethanol, 0.002% bromopheno! blue, pH 6.3) and electro-
phoresed on a 7% polyacrylamide gel, Proteins were transferred to a
nitrocellulose filter and incubated with anti-fibronectin antibody for
30 min at 37°C. Afler a brief rinse, the filler was reacted with '¥I-
protein A for 16 h at 4°C. Fibronectin bands were visualized by
autoradiography.

2.6. EGF receptor tyrosine kinase activity

When the immunoblotting anilysis was performed with anti-
phosphotyrosine antibody, addition of 2,5-MeC or erbstatin guve
unwanted backgrounds. Therefore, the cell lysate was preeipitated
with the anti-EGF receptor antibody first, and then the in vitro tyro-
sine kinase of the precipitate was assayed. Intact ER12 cells (about 4
% 10%) were treated with various concentrations of 2,5-MeC in serum-
free DMEM for 15 min, and EGF (100 ng/ml) was added for further
5 min. The cells were collected and solubilized with 1% Triton X-100
in 20 mM HEPES (pH 7.4) containing 10% giycerol, 0.1 mg/ml of
leupeptin, | mM PMSF, and 100 4M Na, YO, at 4°C for 30 min. An
aliguot of solubilized malerial was reacted with anti-EGF receplor
antibody for 16 h at <°C, and the complexes (ormed were immunopre-
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cipitated with anti-mouse 130 2nd collesiad with Sepharose-tinked
prosein A, The immune somplases were suspended in 20 mM HEPES
buffer {pH 7.4) consisting of § mM MaCl, 10 mM MgCl, 109 uM
Wa VD, 202 reacied wil Jp-"PYATP and 4 wg oF cnolese in 30w for
15 min at 30°C. The reaction waus terminated by addition of the same
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Fig. 2. Inhibition of EGF-induced reduction in fibronectin expression
by tyrosine kinase inhibitors in ER12 cells. The cells were incubated
wilhout additive (Lane 1), or with 10 ng/mi of EGF (2), EGF and 3.2
(3) or 1.6 (4) ug/ml of erbstatin, or EGF and 3.2 (5) or 1.6 (6) ug/mi
of 2,5-MeC, for 16 h, and then processed for immunoblotting as

described in Section 2.
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Sie 2 Anhikvior of SOEindacad Shonaait natv ot disapyraanas 5y 2500 i ER A2 calk e aaly ware e elane (A eiiaty N mgim'
of EGF (B), or with EGF and 1.6 gg/ml of 2,5-MeC (C} for 16 h, and then stained with anti-fibronectin antibody to detect fibronectin,

volume of sample buffer and the mixture beiled for 10 min. The
sample was Snally elecirophoresed on a2 19% polyacrylamide gol and
aworadiographed.

3. RESULTS

Methyl 2,5-dihydroxycinnamate inhibited the growth
of ER12 celis with an 1C;; of 0.5 ug/ml. In the presence
of EGF, it inhibited the EGF-stimulated growth with
almost the same [C;, value. Erbstatin inhibited the cell
growth with an ICs, value of 1.65 yg/ml both in the
absence and in the presence of EGF,

—L)

TdR incorporation (epm x 10

Time {hrs)

ER12 cells show normal fibroblastic morphology in
the absence of EGF, but within 16 h of the addition of
10 ng/ml EGF the cells assume a thin and slightly criss-
crossing transformed morphofogy [4]. Methyl Z,5-dihy-
droxycinnamate and erbstatin did not clearly inhibit the
EGF-induced morphological change because the effect
of EGF was not prominent. However, as shown in Fig.
1A,B, actin stress fiber organization was clearly ob-
served in non-treated ER12 cells but not in EGF-treated
cells. When EGF was added in the presence of 0.8-i.6
ug/ml of 2,5-MeC, stress fiber organization was re-
tained at the contro! level (Fig. 1C). The effect of 2,5-

o [<<]

>

TdR incorporafion {cpmx107)

Time (hrs)

Fig. 4. Inhibition of EGF-induced DNA synthesis in quiescent ER12 celis by 2,5-Mel. (A) Quiescent ER12 colls were untreated {s), or treated

with 40 ng/ml of EGF alone (0), or EGF and 1 (A), 2(v), 4 {00), or 8 (®) gg/ml of 2,5-MeC. Labelled! thymidine was added to the cells for 1 h

at the indicated time. (B) The cells were untreaied (a), or treated with EGF alone (o), or EGF and 8 yg/ml of 2,5-McC a1 04 h (a), 4-8 h (v),
8-12 h (), or 0-32 h (@) from the time of EGF addition.
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by 2,5-MeC. The cells were untreated (Lane 1), or treated with 100

ng/ml of EGF (2), or EGF and 3 (3) or 6 (4) ug/ml of 2,5-MeC for 15

min. Precipitation of the cell lysate and the in vitro tyrosine kinase
assay were carried out as described in Section 2.

MeC or erbstatin was reversible, since after the removal
of the chemicals the cellular cytoskeletal change was
induced by addition of EGF. An inactive analogue 5'-
O-methylerbstatin  did not inhibit the cytoskeletal
change induced by EGF.

Fibronectin gene expression is usually less in trans-
formed cells than in normal cells. As shown in Fig. 2,
the amount of fibronectin decreased 16 h after addition
of EGF, but 2,5-MeC or erbstatin inhibited this de-
crease. These inhibitory effects were confirmed by im-
munofluorescence staining (Fig. 3).

Methyl 2,5-dihydroxycinnamate delayed the onset of
EGF-induced DNA synthesis in quiescent ER 12 cells at
1.0-8.0 ug/ml, as shown in Fig. 4A, and it inhibited the
DNA synthesis most efficiently when added at the early
G, phase (Fig. 4B).

Methyl 2,5-dihydroxycinnamate was confirmed to in-
hibit EGF receptor-associated tyrosine kinase in situ, as
shown in Fig. 5. The amount of EGF receptor was not
affected by 2,5-MeC (data not shown).

4. DISCUSSION

The ER12 cells showed phenotypic transformation in
response to EGF, including morphological change,
growth advantage, loss of stress fiber organization, and
decrease in fibronectin expression; and all of these phe-
notypic changes were inhibited by erbstatin or 2,5-MeC,
but not by its inactive analogue 5’-O-methylerbstatin.
The tyrosine kinase inhibitors reversibly inhibited the
EGF-induced DNA synthesis. Pulse addition of the in-
hibitor indicated that tyrosine kinase activity is essential

in Gy/G,; phase.
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Loss of stress fibers and a decrease in fibronectin
expression are often observed in malignant transforma-
tion. Because tyrosine kinase inhibitors inhibited EGF-
induced cytoskeletal changes and decrease in fi-
bronectin expression, tyrosine kinase may regulate cy-
toskeletal organization and adhesion of the cells directly
or indirectly. Previously it was reported that EGF re-
ceptors are associated with cytoskeletal structure [13].
Phosphatidylinositol turnover inhibitors such as
inostamycin and psi-tectorigenin inhibited EGF-in-
duced cytoskeletal change in A431 cells [14], but not
obviously in ER12 cells. Therefore, it might be less
likely that tyrosine kinase regulates the cytoskeleton
through phosphatidylinositol turnover.

EGF receptors on the tumour cell surface would con-
tribute to the development of neoplasms in vivo in re-
sponse to EGF and related growth factors. It may be
possible to inhibit such development by use of tyrosine
kinase inhibitors of low molecular weight.

Acknowledgentent:: This work was partly supported by grants from
the Ministry of Science, Culture, and Education and the Life Science
Foundation of Japan.

REFERENCES

[1] Libermann, T.A., Nusbaum, H.R., Razon, N,, Kris, R,, Lax, I,
Soreq, H., Whitlle, N,, Walterfield, M.D., Ullrich, A. and
Schlessinger, J. (1985) Nature 313, 144-147.

[2] Yamamoto, T., Kamata, N., Kawano, H., Shimizu, S,, Kuroki,
T., Toyoshima, K., Rikimaru, K., Nomura, N., Ishizaki, R.,
Pastan, 1., Gamou, S. and Shimizu, N. (1986) Cancer Res. 46,
411-416.

(3] Wong, A.J., Binger, S.H., Bigner, D.D,, Kinzler, K.W., Hamil-
ton, S.R. and Vogelstein, B. (1987) Proc. Natl. Acad. Sci. USA
84, 6899-6903.

[4] Yamazaki, H., Ohba, H., Tamaoko, N. and Shibuya, M. (1990)
Jpn. J. Cancer Res. 81, 773-779.

[51 Velu, T.J., Beguinot, L., Vass, W.C., Willingham, M.C., Merlino,
G.T., Pastan, I. and Lowy, D.R. (1987) Science 238, 1408-1410.

[6] Fiore, P.P.D., Pierce, J.H., Fleming, T.P., Hazan, R., Ullrich, A.,
King, C.R., Schlessinger, J. and Aaronson, S.A. (1987) Cell 51,
10631070,

[7] Meisenhelder, J., Suh, P.G., Rhee, 5.G. and Hunter, T. (1939)
Cell 57, 1109-1122,

[8] Auger, K.R., Serunian, L.A., SoltofT, S.P., Libby, P. and Cantley,
L.C. (1989) Cell 57, 167-175.

[91 Molloy, C.J., Bottaro, D.P., Fleming, T.P., Marshall, M.5,,
Gibbs, J.B. and Aaronson, S.A. (1989) Nature 342, 711-714.

[10] Umezawa, K. and Imoto, M. (1991) Meihods Enzymol. 201,
379-385,

[11] Umezawa, K., Hori, T., Tajima, H., Imoto, M., Isshiki, K. and
Takeuchi, T. (1990) FEBS Lett. 260, 198-200.

[12] Umezawa, K., Tanaka, K., Hori, T., Abe, 8., Sekizawa, R. and
Imoto, M. (1991) FEBS Lett. 279, 132-136.

{131 Roy, L.M., Gittinger, C.K. and Landreth, G.E. (1989) J. Cell
Physiol. 140, 295-304.

(14] Johtoh, N. and Umezawa, K. (1992) Drugs Exptl. Clin. Res. 18,
1_7



