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ABSTRACT

The HER-2/neu gene product, p185™, is a membrane-bound receptor
with tyrosine kinase activity. High levels of p185™" is correlated with
intrinsic chemoresistance of non-small cell lung cancer (NSCLC) cell lines.
We investigated the effects of tyrphostin AG825, a selective tyrosine
kinase inhibitor preferentially inhibiting HER-2/neu kinase, on the che-
mosensitivities and on the drug-induced cell cycle changes of NSCLC cell
lines that expressed different levels of p185™". Compared to the low-
p185™* expressing cell lines, we found that the high-p185™* expressing
cell lines were more resistant to doxorubicin, etoposide, and cis-diam-
minedichloroplatinum(IT) but more sensitive to AG825. AG825 was able
to significantly enhance the chemosensitivities of the high-p185™™ express-
ing cell lines, whereas it had little effect on the chemosensitivities of the
low-p185°" expressing cells, with a few exceptions in which minor antag-
onistic effects were observed. Although high concentrations of AG825
could reduce the drug-induced G, arrest that was accompanied by the
activation of phosphorylated p34°%2, we failed to find any remarkably
differential effects of AG825 on drug-induced G, arrest and the accom-
panying phosphorylation status of p34°*Z of the high- and the low-p185™*
expressing cell lines. In summary, tyrphostin AG825 can enhance chemo-
sensitivity in high- but not in low-p185™" expressing NSCLC cell lines.
This differential effect cannot be explained by the alterations of drug-
induced cell cycle changes by AG825. Our results provide a rationale to
develop p185™“-specific tyrphostin and to test them in combination with
anticancer agents in vivo and in clinical trials.

INTRODUCTION

The HER-2/neu gene encodes a transmembrane glycoprotein
(p185™"), which is a member of the EGF® receptor subgroup of the
protein tyrosine kinase superfamily (1, 2). Amplification and/or over-
expression of the HER-2/neu gene have been detected in subpopula-
tions of many types of human cancers and have been linked to the
presence of extensive disease and poor patient survival (3-7). In lung
cancer, overexpression of the HER-2/neu gene is encountered in a
subgroup of all types of NSCLC but not in small cell lung cancer
(5-7). A high level of p185°" has been linked to shortened survival
in adenocarcinomas (6, 7). Using a panel of NSCLC cell lines as an
experimental model, we have demonstrated that the intrinsic chemore-
sistance of NSCLC cells correlates well with the expression of
p185™" (8, 9). By transfection of HER-2/neu cDNA into a human
NSCLC cell line expressing a very low level of p185™", we (10) have
demonstrated that increasing the expression of p185™" significantly
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enhances the chemoresistance to doxorubicin, cisplatin, mitomycin C,
and etoposide in the transfected clones. The levels of the increased
chemoresistance in the HER-2/neu transfectants correlates well with
the level of p185™* as well as the level of p185 phosphotyrosine.
Since increased tyrosine kinase activity of p185™* has been impli-
cated in the oncogenic signal transduction (11, 12), it is possible that
multiple drug resistance of NSCLC cells is also conferred by the
increased tyrosine phosphorylation activity of p185™". In addition, we
(13) demonstrated previously that caffeine enhances the chemosensi-
tivities of high-p185™" expressing NSCLC cell lines to anticancer
agents and that the magnitude of enhancement correlates with the
level of p185™". Caffeine has been shown to override the drug-
induced cell cycle arrest at checkpoints, in particular G,-M (14, 15).
It is generally accepted that G, arrest results from the inactivation
(phosphorylation) of p34°®“? kinase, allowing the cells to repair DNA
lesions prior to mitosis, thus preventing lethal chromosome aberra-
tions (16, 17). Caffeine exposure during G, arrest inhibits the activity
of tyrosine kinase that phosphorylates p34°%°2, thus inducing prema-
ture mitosis, leading to enhanced cell killing (14, 18). Our findings
(13), therefore, raise the possibility that high levels of p185"" may
enhance chemoresistance by potentiating DNA repair either by en-
hanced phosphorylation of p34°*? and/or by enhanced enzyme activ-
ity (or activities) for DNA repair.

To further investigate whether the HER-2/neu gene expression is
correlated to the chemoresistance of NSCLC cells and examine
whether p185™ is involved in the regulation of p34°“° phosphoryl-
ation during drug exposure, we have applied a novel approach to
inhibit specifically the tyrosine kinase activity of p185™". We in-
tended to monitor the effects of p185™°" blockade on the chemosen-
sitivity, drug-induced cell cycle changes, and alterations of p34°¢°2
phosphorylation in the high- and the low-p185"" expressing NSCLC
cell lines. To achieve that goal, we have used a protein tyrosine kinase
inhibitor, tyrphostin AG825, which has been shown to selectively
block p185™" kinase in cell-free systems (19, 20). In this study, we
investigate the differential effects of tyrphostin AG825 on the che-
mosensitivities for three commonly used anticancer drugs, doxorubi-
cin, cis-diamminedichloroplatinum(Il) (cisplatin), and etoposide, of
six NSCLC cell lines that expressed a wide range of p185"“. One
high- and one low-p185™" expressing cell line were also selected to
further monitor the effect of AG825 on the etoposide-induced cell
cycle changes and the accompanying alterations of the phosphoryla-
tion status of p34°9°2,

MATERIALS AND METHODS

Cell Lines. Six NSCLC cell lines, five adenocarcinomas NCI-H23, NCI-
H1155, NCI-H1355, NCI-H1435, and NCI-H1437, and one large cell carci-
noma, NCI-H1299, were studied. All lines were established and characterized
from previously untreated patients (9, 21) and expressed a minimal level of
EGEF receptor (data not shown). All these cell lines contain point mutations in
the p53 gene except the NCI-H1299 cell line, which contains an intragenic
deletion in the gene (22). All the lines had been maintained in RPMI 1640
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supplemented with 5% heat-inactivated fetal bovine serum for at least 6
months before being tested.

Quantitative Measurement of the p185™* Protein. The nearly confluent
cells were harvested by scraping, followed by centrifugation to form a cell
pellet. Cells were incubated in lysis buffer [10 mm Tris-HC! (pH 7.6), 1.5 mM
EDTA, 10% glycerol, and 0.1% sodium azide] and Dounce homogenized.
After homogenization, the proteins were extracted in detergent. After centrif-
ugation, supernatants were collected, and protein concentrations were deter-
mined. The immunoassay for detection and quantitation of p185™" was a
sandwich assay utilizing monoclonal antibodies NB-3 (coated onto microtiter
wells) and TA-1 (biotin labeled) (human neu assay kits; Oncogene Science,
Inc., Uniondale, NY; Ref. 23). The biotin-labeled TA-1 was detected using a
streptavidin-horseradish peroxidase conjugate in PBS (pH 7.4), 1% BSA, and
0.1% chloroacetamide. After the addition of O-phenylenediamine substrate,
the color change was measured at 490 nm using a microplate reader. A
standard curve was generated by using standard solutions. The concentration of
p185°* was determined by interpolation of the sample absorbance from the
standard curve. Results were expressed as human neu units/ug of protein. The
experiments were performed in triplicate. Each experiment was performed in
duplicate wells.

Anticancer Agents and Tyrphostin AG825. Three commonly used DNA-
damaging anticancer agents, doxorubicin, etoposide, and cisplatin, as well as a
tyrphostin of the benzylidene malononitrile family, AG825, were tested. The
three anticancer drugs were dissolved in PBS to 1 mM, and AG825 was
dissolved in DMSO to 40 mm. All the agents then were subsequently diluted
with the culture medium before addition to the cells. The culture medium
containing the equivalent amounts of DMSO was also included to serve as
vehicle controls and had no obvious effects on cell growth of the six cell lines
tested. The absorbance determined by the tetrazolium colorimetric assay were
98.8 + 1.0%, 97.2 * 1.9% and 92.6 * 3.3% of the control wells at DMSO
0.1%, 0.2%, and 0.3% exposure for 96 h, respectively.

Experimental Design of the Drug Testing and Identification of the
Combination Effects. In vitro drug combination testing was designed and
performed using the tetrazolium dye colorimetric assay with application of
classical isobole methods (24) as described previously (25, 26). The cytotoxic
effects of each single agent, doxorubicin, etoposide, cisplatin, and AG825, as
well as the combination effects of AG825 plus doxorubicin, AG825 plus
etoposide, and AG825 plus cisplatin, were tested. AG825 was tested over a
2-log range (7 concentrations, in a 1/3 log increment, within 1-100 um), and
the anticancer drugs were tested over a 3-log range (7 concentrations, in a 1/2
log increment) to cover the entire dose-effect curves. Anticancer drug was
added immediately after the addition of AG82S5, and the duration of the
exposure was 96 h. For single agents tested, the results reported as ICq,s were
the means of three independently performed assays. The CI at the 50% effect
level was used to represent the combination effects of AG825 plus drug.
CI = (dose of AG825/IC,, of AG825)+(dose of drug/ICs, of drug). The mean
values of the survival fractions of three independently performed experiments
(each experiment was done in four replicate wells at the same time) were used
to generate a set of Cl values (data points) for a particular cell line and
AG825-drug combination because of the fact that there are multiple combi-
nations within the assay range that achieve the same isoeffect. Each set of Cls
was used to construct the isobole. The mean CI for this set was reported as the
summary measure. Mean CIs >1.05 or <0.95 were interpreted as being
suggestive of antagonism or synergism, respectively. Sign tests were per-
formed on each set of CIs to formally evaluate whether antagonism or syner-
gism was evident for a particular cell line and AG825-drug combination. Cl.p,
Cl1v, and Clq were designated for the mean CIs for AG825 +doxorubicin,
AGB825+etoposide, and AG825+cisplatin, respectively. The Spearman rank
correlation was used to analyze the correlations between the levels of p185™*
and the Cls of the tyrphostin-containing regimens. Significance was assumed
if P < 0.05.

Preparation of Asynchronous and Synchronized Cells and Cell Cycle
Phase Fractions Study. The low-p185™" expressing NCI-H1299 cell line and
the high-p185™" expressing NCI-H1355 cell line were selected for cell cycle
and biochemical studies. For experiments on asynchronous cells, 24 h after
cells being plated at the appropriate seeding density, they were exposed to
etoposide over a 2-log range (5 concentrations in a 1/2 log increment, 0.1-10
M) for 24 h, and the optimal concentration that resulted in maximal cell
accumulation in G, was determined. AG825 at a concentration of 0, 10, 20, 40,

60, or 80 uM and the culture medium containing the equivalent concentrations
of DMSO (0.025-0.20%), serving as vehicle controls in the absence or
concurrent presence of etoposide at the optimal concentration, were tested.
After 24-h incubation, cells were collected for analyses of the cell cycle phase
fraction, p185™*, and the phosphorylation status of p34°*2 kinase. For exper-
iments on synchronized cells, cells were synchronized at G,-S by serum
starvation (for a period of cell doubling time X 2: H1299, 32 h; H1355, 72 h)
followed by aphidicolin (2 ug/ml) treatment for 24 h. Immediately after being
released from the G,-S boundary, cells were treated with no drugs or treated
with etoposide at the optimal concentration (3 uM; see “Results”) for 1/18
doubling time (i.e., H1299 for 50 min and H1355 for 2 h). After removal of
etoposide by washing twice with PBS, AG825 (40 uM) was added in the tested
dishes for continuous exposure. Samples of etoposide-untreated and -treated
cells without and with AG825 exposure were collected before treatment and
for various time periods, starting from the beginning of etoposide exposure.
Asynchronous and synchronized cells were stained with propidium iodide (50
pg/ml) plus 0.1% Triton X-100 and RNase (180 units/ml), and DNA fluores-
cence distributions and the proportion of cells in G,, S, and G,-M of the cell
cycle were analyzed by flow cytometry as described previously by Chiu er al.
7.

Immunoblotting. Immunoblot analyses were performed to detect the ex-
pression of p185™" and the effects of AG825 on the expression of p185™* and
p34°92 phosphorylation in the absence and concurrent presence of etoposide.
Cell extracts were prepared, and 100 ug of protein from each sample were
electrophoresed and Western blotted against the appropriate antibody. The
primary monoclonal antibodies used for immunoblot analyses were Ab-3
(1:250) against p185™* protein (Oncogene Science, Inc.; Ref. 28) and anti-
cdc2 HS (1:200) recognizing human cdc2 homologue (Upstate Biotechnology,
Inc., Lake Placid, NY; Ref. 29).

RESULTS

Effects of AG825 on the Expression of p185™. The levels of
p185™" of the six cell lines were determined by immunoblottings as
well as antibody-sandwich ELISAs as shown in Fig. 1. The cell lines
H1155, H23, and H1299 were classified as the low-p185"¢" expres-
sors, and the cell lines H1437, H1435, and H1355 were classified as
the high-p185™" expressors. The levels of p185"“ of the high-
p185™" expressing H1355 were reduced by AG825 exposure at the
concentrations =60 um for 24 h. (Fig. 24). The addition of the
optimal etoposide concentration at 3 uM (see below) itself had little

0 o ~ W 0
[«2]

2 o & 2 2 3
I T I ¥ T T
X

p185™Y | kwm » ---
O & o &P
Q \\ ) AN

o q"b» % é«,"' \"’ °;1,’5'

B-actin > | qump came e = =S =

Fig. 1. Immunoblot of p185°* of the six cell lines tested. The nearly confluent cells in
logarithmic growth phase were harvested. Cell lysates (100 ug/lanc) were immunoblotted
with anti-p185™" (Ab-3) antibody. The different mobilities of p185™* in the different cell
lines is likely due to protein phosphorylation, which has been shown to produce hetero-
gencous protein bands in similar immunoblots (41). Numbers in parentheses are the levels
of p185™* determined by ELISAs using NB-3 (coated onto microtiter wells) and TA-1
(biotin-labeled) monoclonal antibodies. The results are the mean (+ SE) values of three
replicate experiments (each experiment was performed in duplicate wells), which are
expressed as a human neu unit/ug protein.
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Fig. 2. A, effects of AG825 on the expression of p185™* of the high-p185™" express-
ing H1355 cell line. After being plated at the appropriate seeding density for 24 h, cells
were incubated without (Lane /) or with AG825 (10-100 um; Lanes 2-7) for 24 h; then
cell lysates (100 pg/lane) were immunoblotted with anti-p185™" antibody (Ab-3). AG825
at the concentration =60 um reduced the levels of p185™*. B, effects of AG825 treatment
for 24 h on the expression of p185™" in the absence or concurrent presence of 3 um
etoposide. The addition of etoposide had little effect on the expression of p185™* (Lane
2). However, in the presence of etoposide, AG825 suppressed the expression of p185™*
in a dose-dependent manner in the range of 10-60 um (Lanes 3-6). Numbers in
parentheses are the levels of p185™“ quantitated by soft laser densitometry (Model
SLR-2D/1D; Biomed, Fullerton, CA), which are expressed in arbitrary units relative to the
value of the control cells, to which a value of 1 has been assigned. p185™* levels were also
normalized by densitometry of the B-actin signal.

effect on the expression of p185™" (Fig. 2B, Lane 2) but appear to
facilitate the inhibitory effect of AG825 on the expression of p185™".
In the presence of etoposide, AG825 reduced the expression of
p185™" in a dose-dependent manner in the range of 10 to 60 um
(Fig. 2B).

Cytotoxic Effects of Doxorubicin, Cisplatin, Etoposide, and
AGS825. Anticancer agents doxorubicin, etoposide, and cisplatin
were tested for their cytotoxic effects on the designated NSCLC
cell lines. Their dose-effect curves are shown in Fig. 3. The three

high-p185"" expressing cell lines (Fig. 3, A-C, solid lines) were
apparently more resistant to the chemotherapeutic agents than the
three low-p185™" expressing cell lines (Fig. 3, A-C, dotted lines).
When tyrphostin AG825 was tested for its cytotoxic effect, the
ICsos were very similar (34.1 to 44.3 uMm) for the cell lines tested.
However, AG825 alone at low concentrations (2.15-21.5 um) had
a greater inhibitory effect on the high- than on the low-p185"*
expressing cell lines (Fig. 3D).

Effects of Tyrphostin AG825 on the Chemosensitivities of High-
and Low-p185™" Expressing Cell Lines. Mean CIs was signified to
represent the interaction between AG825 and the anticancer agents.
The mean CI at the 50% effect level of the three AG825-containing
regimens against the six cell lines are depicted in Fig. 4. AG825
significantly enhanced the chemosensitivities for doxorubicin and
etoposide of the three high-pl185™" expressing cell lines (all
Ps < 0.05) and significantly enhanced the chemosensitivity for cis-
platin (P = 0.012) of the high-p185™" expressing H1355 cell line.
But AG825 had little effect on the cytotoxicity of cisplatin against the
other two high-p185™" expressing cell lines. In contrast, AG825 had
no statistically significant effects on the chemosensitivities of the
three low-p185™" expressing cell lines, with the exceptions that
AG82S5 significantly attenuated the cytotoxicities of doxorubicin and
cisplatin against H1299 (Cl, 1.103 * 0.036; ClI, 1.231 * 0.086;
Ps < 0.005) and the cytotoxicity of etoposide against H23 (Clyy,
1.093 £ 0.023; P < 0.05). Our results clearly demonstrate that
AGB825 enhances the chemosensitivities of the high-p185"°* express-
ing cell lines, whereas AG825 had only a small effect on the chemo-
sensitivities of the low-pl185"°" expressing cell lines, with a few
exceptions that minor antagonistic effects were observed (Fig. 4).
There was a statistically significant correlation between the level of
p185™" and Clp, (r = —0.943, P = 0.035). The correlations between
the level of p185"* and Cl, and between the level of p185™* and
Cly were marginally significant (r = —0.771, P = 0.085 and

= -0.829, P = 0.064, respectively). These findings suggest that the
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2.0

Fig. 4. The combination effects of AG825 plus
doxorubicin, AG825 plus etoposide, and AG825
plus cisplatin, which were expressed as the mean
values of CI at the 50% effect level (see “Materials
and Methods™). The mean values of the survival
fractions of three independently performed tests
were used to generate a set of Cls (data points) and
to construct the isobole at the 50% effect level for
a particular cell line and AG825-drug combination.
The mean CI (= SE) for this set was reported as
the y e. The bers in parentheses
is the number of data points. Shaded horizontal
band, the area of additivity based on null interval
of 0.95-1.05. CI >1.05 or <0.95 were interpreted
as being suggestive of antagonism or synergism,
respectively. Sign tests were performed to formally
evaluate whether antagonism or synergism was
evident for a particular cell line and drug combi-
nation. *, P < 0.05; **, P < 0.005. The effects of
AG825 on the cytotoxicities of the anticancer
agents noticeably paralleled the levels of p185™"
expressed by the cell lines (Fig. 1).
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more the cells express p185™", the greater the chemosensitivities
might be enhanced by AG825 (Figs. | and 4).

Effects of AG825 on the Cell Cycle Progression of Asynchro-
nous Cells in the Absence or Presence of Etoposide. Since the
cytotoxic effect of etoposide was enhanced by AGS825 to the
greatest degree in our panel of high-p185"°" expressing cell lines
as compared to the other two anticancer agents (Fig. 4), we
selected etoposide for further cell cycle analyses and biochemical
studies of the effects of AG825 on the H1299 and H1355 cell lines.
H1299 possesses a homozygous deletion of the p53 gene (27) and
expresses low levels of p185™" (Fig. 1). H1355, which contains an
endogenous mutant p53 and expresses p185™" at a steady high
level (Fig. 1), yielded the most significant responses to the AG825-
containing regimens (Fig. 4). Continuous exposure to 3 uM etopo-
side for 24 h resulted in a maximal G, arrest to these two cell lines
(Fig. 5, A and B). Etoposide at the concentration of 3 uM was,
therefore, selected as the optimal concentration for the succeeding
cell cycle and biochemical experiments. Although AG825 itself
had little effect on cell cycle progression of the H1299 and the
H1355 cell lines (Fig. 5, C and D), AG825 reduced the etoposide-
induced G, arrest of both H1299 and H1355 in a dose-dependent
fashion. Accompanying the reduction of G, fraction, both cell lines
demonstrated a greater increase of the G, fraction than the S
fraction at the high concentrations (=60 um) of AG825 (Fig. §, E
and F). However, at the low concentrations (=40 uM) of AG825,
the reduction of G, fraction was accompanied by a predominant
increase of the S fraction in H1299 (Fig. 5E) but a predominant
increase of the G, fraction in H1355 (Fig. SF). These results
suggested the possibility that AG825 at low concentrations delayed
S-phase progression of the etoposide-treated H1299 cells and pre-
vented them from reaching G,. In contrast, AG825 throughout the
tested concentrations might circumvent etoposide-induced G, ar-
rest in a dose-dependent fashion in H1355. The differential effects
of low concentrations of AG825 on the etoposide-induced cell
cycle changes of H1355 and H1299 cells in a 24-h time period
might, however, simply result from the inherently different prolif-
erating activities (doubling times) of these two cell lines. Experi-
ments, therefore, were carried out with synchronized cells to
examine this possibility (see below).

Effects of AG825 on Phosphorylation of p34°®< in the Presence
of Etoposide. As noted, etoposide-induced G, arrest was associated
with the accumulation of phosphorylated p34°“? kinase that was

independent of the level of p185"°* expression of the cell lines (Fig.
6, A and B, Lane 2). With the addition of AG825, a marked change in
the etoposide-treated H1355 and H1299 cells was a shift in p34°¢<
from the slower-migrating (phosphorylated) isoform to the faster-
migrating (dephosphorylated) isoform of p34°?°2 at the high concen-
trations of AG825 (Fig. 6, A and B, Lanes 6-8). In contrast, the
etoposide-induced G, arrest and hyperphosphorylation of p34°9°? of
both cell lines remained little affected at the low doses of AG825 (Fig.
6, A and B, Lanes 3-5). These findings were compatible with the
findings of the cell cycle study (Fig. S, E and F), indicating that
AG825 at higher concentrations could reduce etoposide-induced G,
arrest through dephosphorylation (activation) of phosphorylated
p34°9c2, However, AG825 throughout the tested concentrations may
not have remarkably differential effects on the phosphorylation reg-
ulation of the etoposide-induced G, arrest of the high- and the low-
p185"™" expressing cell lines.

Effects of AG825 on the cell cycle progression of synchronized
cells with or without etoposide treatment. Cells were synchronized
as described in “Materials and Methods.” In both H1355 and H1299,
AG825 (40 um) alone delayed S-phase progression to a minimal
degree. In the etoposide-treated cells, however, the addition of AG825
further enhanced the etoposide-induced S-phase delay (Fig. 7, A and
B). Following the slow progression of S phase, the etoposide-treated
cells progressed into and arrested at G,-M in the absence or presence
of AG825 (Fig. 7, C and D). In H1299 and H1355, the time-S-phase
fraction curve as well as the time-G,-M phase fraction curve of the
etoposide+ AG825-treated cells paralleled those of the etoposide-
treated cells, with a marked progress delay of the etoposide+AG825-
treated cells. In the presence of AG825, no reduction of the etoposide-
induced G, arrest could be detected in these two cell lines. Our
findings indicated that AG825 (40 um) had no effect on the etoposide-
induced G, arrest, irrespective of the level of p185" expressed by the
cells.

DISCUSSION

The chemosensitivity of neoplastic cells to DNA-damaging agents
may depend on the fidelity of cell cycle checkpoints (30). DNA
damaged cells delay cell cycle progress at checkpoints to allow DNA
repair (31). Evidence revealed that p53 is involved in the control of
the G,-S checkpoint. Following DNA damage, p53 acts to suppress
growth by inducing cell cycle arrest at G, while the cell attempts
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Fig. 5. Effects of 24 h treatment of etoposide alone (> 1] " CONTROL : Gs’ ::ﬁ % L; 301
(0.1-10 um; A and B) and AG825 (10-80 um) in the = 9 0+ -1
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panels) cell lines (see “Materials and Methods™). Eto-
poside at 3 um was the optimal concentration that Etoposide (uM) AG825 (uM) AG825 (uM)

resulted in maximal cell accumulation in G,-M, and no
ctoposide-induced G, arrest could be detected in these
two lines (A and B). The effects of AG82S5 on the cell
cycle fractions were calculated by using the cells with

High-HER-2/neu expressing line NCI-H1355

no tested agent exposure as control (C and D). The 304 504 504
combination effects of AG825 plus etoposide versus Etoposide 3
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treated cells as control (£ and F). Results were the : 604 30 30 4
mean values of three separate experiments; bars, SE. Q s0 20 4 20
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DNA repair or to promote apoptosis if optimal repair is impossible
(32, 33). In lung cancer, introduction of the wild-type p53 gene into
a human p53-null NSCLC cell line was able to enhance chemosensi-
tivity (34). Cell cycle arrest in G, for DNA repair is also a universal
response to DNA damage (16, 17). Nevertheless, a much longer G,
phase in the presence of severe DNA damage may lead to cell death.
Cells with normal p53 genes usually respond to DNA damage by a
delay in both G, and G, phases, whereas tumor cells with deficient
p53 arrest only at G, (32, 35, 36). Caffeine has been shown to override
cell cycle checkpoints, particularly the G,-M checkpoint (14, 15). We
have reported previously that caffeine enhances the chemosensitivities
of NSCLC cells that overexpress pl85™" to a greater degree as
compared to low-p185™" expressing cells (13). Mutation of the p53
gene was a common event (14 of 16) in the cell lines selected for the
study. This finding led us to propose that high-p185™" expressing,

AGB25(uM) ©0 0 10 20 40 60 80 100

Etoposide,3uM - + <+ + + + + +
(A) H1289
p“mr_‘:\_—aﬁhu—-vﬁ-—‘

(B) H1355
p34=? [

Fig. 6. Effects of 24-h treatment of AG825 on cell cycle-regulated protein p34°*Z in
etoposide-induced G, arrest cells. After being plated for 24 h, asynchronous H1299 (A)
and H1355 (8B) cells were treated without (—) or with etoposide 3 pum (+). AG82S5 at a
concentration of 0, 10, 20, 40, 60, 80, or 100 um was added immediately before the
addition of etoposide, and the incubation concurrently continued for 24 h. Then cell
lysates (100 pug/iane) were immunobiotted with anti-p34°“2 monoclonal antibody.

— i e g e~ —

chemoresistant NSCLC cells might utilize the repair machinery at the
G,-M checkpoint more effectively.

In the present study, we have selected the cell lines with defective
p53 and examined the modulation of the action of DNA-damaging
agents by the selective p185™" inhibitor, tyrphostin AG825 (19, 20).
Our results show that treatment with AG825 reduces the levels of
p185™". In the presence of etoposide, the negative regulation of
AG825 was augmented and behaved in a dose-dependent fashion in
the high-p185™* expressing H1355 cell line. By testing the effects of
AG825 against six NSCLC cell lines that expressed minimal EGF
receptor protein (data not shown), we show that AG825 alone or in
combination with doxorubicin, etoposide, or cisplatin has enhanced
cytotoxic effects against high-p185™" expressing cell lines as com-
pared to low-expressing lines (Fig. 3). The magnitude of AG825-
induced enhancement parallels the level of p185"" expression.
AGB82S5 had little effect on the cytotoxicities of DNA-damaging agents
on the low-p185™" expressors, with a few exceptions in which minor
antagonistic effects were observed (Fig. 4). We also found that high
concentrations of AG825 were able to reduce the etoposide-induced
G, arrest, which was accompanied by the activation of p34°%Z;
however, this effect was not p185™" specific. On the other hand,
AGB82S at low concentrations markedly retarded the etoposide-in-
duced S-phase delay, whereas it had no definite effect on the etopo-
side-induced G, arrest in both high- and low-p185™" expressing cell
lines. It seems, therefore, that p185™" is not involved in the phos-
phorylation regulation of p34°?“? kinase during drug exposure.

The finding that AG825 enhances chemosensitivity of high-p185™*
expressing cells further supports the view that p185™" plays a role in
determining the chemoresistance of NSCLC cells. Although the
mechanism by which p185™* confers multiple chemoresistance re-
mains unclear at this time, several lines of evidence have emerged to
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suggest that high levels of p185™"" promote DNA repair (13, 37-39). ACKNOWLEDGMENTS

Two recent reports (38, 39) have shown that p185™“-specific anti-
bodies may enhance the cytotoxicity of cisplatin against the high-
p185™" expressing human breast and ovarian cancer cells by inter-
fering with DNA repair. We have demonstrated that caffeine (13) and
gemcitabine (37) enhance the chemosensitivities to a greater degree in
high- than in low-p185™“-expressing NSCLC cells. Caffeine is
known to enhance chemosensitivity of cancer cells by shortening the
time for DNA repair (14, 15, 18). Gemcitabine is a novel pyrimidine
analogue that has been shown to be able to inhibit DNA synthesis and
repair (40). It seems that high-p185°" expressing cancer cells possess
a more effective DNA repair system and that this survival advantage
can be overcome by caffeine, gemcitabine, and p185"“-specific an-
tibodies, as well as p185"““-specific tyrphostins. The possible role of
p185™* in modulating DNA repair is in accordance with the finding
of its localization in the nucleus (41).

Drug resistance is one of the major obstacles to successful chem-
otherapy and is a major challenge for cancer researchers and thera-
pists. At the time of diagnosis, NSCLC tumors usually are more
refractory to chemotherapy than small cell lung cancer tumors. Ab-
erration of the HER-2/neu gene has been detected in 30% or more of
NSCLC (5-7). Because activation of the HER-2/neu gene may con-
tribute to metastatic (42) and chemoresistant (8-10) malignant phe-
notypes and normal critical tissues show little or undetectable expres-
sion of the gene (43), the HER-2/neu gene and its protein product are
attractive targets for therapeutic approach. Inhibition of the activity of
p185™ by p185™“-specific tyrphostins, in combination with DNA-
damaging agents, could be of potential clinical utility for the treatment
of tumors that express high levels of p185™". Our findings provide a
rationale to test p185"°“-specific, tyrphostin-containing regimens in
vivo and in clinical trials. The p185™“-specific tyrphostins can also be
utilized to explore the mechanism that is responsible for the enhance-
ment of chemoresistance in high-p185™*" expressing tumor cells.

We thank Nobutaka Kiyokawa, Mien-Chie Hung, and Dihua Yu for excel-
lent technical assistance and Hsing-Jien Kung and Jeou-Yuan Chen for helpful
suggestions and critical review of the manuscript.
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