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Abstract
Kirsten Ras (K-Ras) mutations have been implicated as a key predictive marker of resistance to
therapies targeting the epidermal growth factor receptor (EGFR). To determine whether Harvey
Ras (H-Ras) mutations also can confer resistance to EGFR-targeted therapy, we expressed a
constitutively active H-Ras (Ras G12V) in A431 human vulvar squamous carcinoma cells.
Compared with corresponding control cells, A431-Ras cells exhibited marked resistance to the
EGFR inhibitors cetuximab and gefitinib, reducing inhibition of Akt and Erk phosphorylation,
inhibition of HIF-1α expression and transcriptional activity, and antitumor effects in vitro and in
vivo. Our data indicate that constitutively active H-Ras can also confer resistance to anti-EGFR
therapy in cancer cells.
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1. Introduction
The epidermal growth factor receptor (EGFR), a 170-kDa transmembrane glycoprotein with
intrinsic tyrosine kinase activity [1], is often highly expressed in a variety of human tumors
of epithelial origin, including cancers of the colon, lung, head and neck, esophagus,
stomach, prostate, bladder, kidney, pancreas and ovary [2]. Activation of EGFR triggers
signal transduction through several well-characterized downstream pathways, including the
Ras/Raf/Erk, PI3K/Akt/mTOR, PLCγ, PKC, and JAK/STAT pathways, leading to gene
transcription that is responsible for a variety of cellular functions [3]. For example,
activation of several of these pathways leads to increased expression of hypoxia-inducible
factor-1 alpha (HIF-1α) [4–8], which forms a heterodimer with HIF-1β; together this protein
complex regulates more than 100 targeted genes that are critical for both bioenergetic and
biosynthetic metabolism in cancer cells and are responsible for many metastatic properties
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of cancer cells, such as angiogenesis, invasion, drug resistance, increased cell proliferation,
and reduced apoptosis [9,10].

Several therapeutic strategies to inhibit EGFR signaling have been devised, and five agents
that target EGFR are approved for use in the treatment of patients with several types of
cancers. These agents include the monoclonal antibodies cetuximab and panitumumab and
the tyrosine kinase inhibitors gefitinib, erlotinib, and lapatinib (a dual inhibitor to EGFR and
HER2) [2]. The antitumor mechanisms of these agents have been well explored, resulting in
a large body of experimental evidence revealing that they prevent ligand-induced receptor
activation and subsequently inhibit downstream signaling, resulting in cell cycle arrest,
apoptosis induction, and angiogenesis inhibition in preclinical models; however, despite
objective responses in some patients, the clinical benefits of these agents in prolonging
patients' overall survival have been modest [2]. Understanding of the mechanisms of tumor
resistance to the EGFR-targeting agents has been an active topic of research in the area in
recent years.

Resistance to EGFR-targeted therapy has been linked to Ras mutations. The Ras gene
subfamily consists of the Harvey, Kirsten, and neuroblastoma Ras genes (H-Ras, K-Ras, and
N-Ras), which encode proteins with GTP/GDP binding and GTPase activity [11–14]. Ras
proteins alternate between an inactive form bound to GDP (Ras-GDP) and an active form
bound to GTP (Ras-GTP); the proteins are activated by a guanine nucleotide-exchange
factor (GEF) and inactivated by a GTPase-activating protein (GAP) [15]. Functioning as
molecular switches in regulating cell survival, proliferation, and differentiation, Ras proteins
are essential mediators that convey extracellular signals from surface receptors to
intracellular signaling pathways [16]. Oncogenic mutant Ras proteins are locked into
constitutively GTP-bound conformation and thus are independent of EGFR signaling.
Recent clinical studies have identified K-Ras mutations as a key predictive marker of
resistance to EGFR-targeted therapy [17–25]. Indeed, due to the high percentage of K-Ras
mutations in patients with colon cancer (ranging from 30% to 35%) [17–25] and the lack of
response by these tumors to cetuximab, patient biopsy specimens are now routinely assessed
for K-Ras mutations [26]. Metastatic colon cancer patients with K-Ras mutations are
excluded from anti-EGFR therapy because of the likelihood of de novo resistance.

Despite their great biochemical and biological similarities, the Ras proteins may not be fully
functionally identical or redundant [27,28]. H-Ras mutations are less common than K-Ras
mutations in human cancer; however, rates of H-Ras mutations are not negligible, and
genetic analysis of tumor specimens has revealed H-Ras mutations in approximately 10–
22% of head and neck cancers [29,30], 11% of bladder cancers, 9% of cervical cancers, and
in smaller percentages of several other cancers [31]. It is unknown whether H-Ras
mutations, like K-Ras mutations, can confer resistance to EGFR-targeted therapy. In the
present study, we examined the impact of the expression of constitutively active H-Ras on
the antitumor effects of cetuximab and gefitinib both in vitro and in vivo.

2. Materials and Methods
2.1. Reagents

The EGFR-blocking monoclonal antibody cetuximab and the small molecule EGFR tyrosine
kinase inhibitor gefitinib were provided by ImClone Systems (New York, NY, USA) and
AstraZeneca (Wilmington, DE, USA), respectively [32]. Antibodies directed against total
Akt, ser473-phosphorylated Akt, and the phosphorylated Erk p42/p44 were obtained from
Cell Signaling Technology (Beverly, MA, USA). The rabbit anti-MAPK (Erk2) antibody
was purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The anti-HIF-1α
antibody was purchased from BD Transduction Laboratories (San Diego, CA, USA). The
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anti-His G antibody was purchased from Upstate Biotechnology (Charlottesville, VA, USA).
The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) reagent and the
chemotherapeutic agent cisplatin were both purchased from Sigma-Aldrich (St. Louis, MO,
USA).

2.2. Cells and cell culture
The human vulvar squamous carcinoma cell line A431, which has been previously described
[33], was maintained in Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal
bovine serum (FBS), 2 mM glutamine, 100 U/mL penicillin, and 100 μg/mL streptomycin.
Cells were incubated in a humidified atmosphere of 95% air and 5% CO2 at 37°C (normoxic
conditions). For hypoxic stimulation, cells were placed in an airtight chamber that was
flushed with a gas mixture of 5% CO2 and 95% N2. The O2 concentration inside the
chamber was maintained at 1% using the Pro-Ox O2 regulator (Model 110; BioSpherix,
Redfield, NY, USA). The hypoxic chamber was incubated at 37°C alongside the chamber
containing the cells under normoxic conditions.

For stable expression of the constitutively active H-Ras (H-Ras G12V), A431 cells were
transfected with pcDNA3.1 H-Ras G12V vector; control cells were transfected with
pcDNA3.1 backbone vector. Both transfections were done using a FuGENE-6 transfection
kit (Roche Diagnostics, Indianapolis, IN, USA) and transfectants were subsequently selected
with G418 as previously described [34]. The expression of H-Ras G12V in A431-Ras cells
was measured by Western blot analysis with anti-His G–tag antibodies in selected pooled
cells.

2.3. Western blot analysis
Cells were lysed in a buffer containing 50 mM Tris (pH 7.4), 150 mM NaCl, 0.5% NP-40,
50 mM NaF, 1 mM Na3VO4, 1 mM phenylmethylsulfonyl fluoride, 25 μg/mL leupeptin, and
25 μg/mL aprotinin and clarified by centrifugation (14,000 g for 20 min at 4°C). Cell lysates
were then separated by sodium dodecyl sulfate polyacrylamide electrophoresis, blotted onto
nitrocellulose, and probed with the indicated primary antibodies. The signals were visualized
using an ECL chemiluminescence detection kit (GE Life Science/Amersham Biosciences,
Piscataway, NJ, USA).

2.4. MTT proliferation assay
Parental A431, A431V, and A431-Ras cells (5 × 103/well) were seeded into 24-well plates
in medium containing 10% FBS and allowed to adhere overnight. Following overnight
incubation, medium was removed and replaced with DMEM/F12 containing 0.5% FBS and
increasing doses of cetuximab or gefitinib for 5 days. For combinational studies, cells were
pulsed with 1 μM cisplatin for 3 h, after which cells were cultured for an additional 5 days in
medium supplemented with 0.5% FBS containing control vehicle, cetuximab (1 nM), or
gefitinib (0.1 μM). The relative number of cells for each group was assayed by adding 50 μL
of 10 mg/mL MTT to 500 μL of culture medium and incubating cells for 3 h at 37°C.
Following incubation, cells were lysed with 500 μL of lysis buffer (20% sodium dodecyl
sulfate in dimethyl formamide/H2O, 1:1 v/v, pH 4.7) at room temperature for at least 6 h.
Cell proliferation was then determined by measuring the optimal absorbance of cell lysates
at a wavelength of 570 nm and normalizing the value to that for a corresponding control.

2.5. Plasmid transfection and luciferase assay
The pBI-GL-V6L construct, which contains six copies of the VEGF hypoxia response
element, has been previously described [35,36]. A431 cells were transiently transfected with
the pBI-GL-V6L construct using the FuGENE-6 transfection kit. After a 24-h transfection
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period, the cells were washed twice with phosphate-buffered saline (PBS) and cultured with
vehicle control, cetuximab (20 nM), or gefitinib (0.5 μM) in hypoxic or normoxic conditions
as described above for an additional 16 h in serum-free medium. The cells were then
harvested and lysed in a lysis buffer (0.2 M Tris HCl, pH 8.0, and 0.1% Triton X-100). The
luciferase assay was performed by adding luciferase substrate solution (0.5 mM D-luciferin,
0.25 mM coenzyme A, 20 mM Tris HCl, 4 mM MgSO4, 0.1 mM EDTA, 30 mM DTT, and
0.5 mM ATP) to the samples and immediately measuring for luciferase activity using a
multiplate luminometer (Berthold Detection Systems, Oak Ridge, TN, USA). Luciferase
activities expressed in arbitrary units were normalized to the amount of protein in each
sample. The protein concentration was determined using the Pierce Coomassie Plus
colorimetric protein assay method.

2.6. Animal studies
Cells (5 ×106) in 100 μL of serum-free medium were inoculated subcutaneously into both
flanks (A431V on the left side and A431-Ras cells on the right side) of 6–8-week-old male
NCr-nu/nu athymic mice (The National Cancer Institute at Frederick, MD, USA). Tumor
volume in cubic millimeters was determined using the formula (length × width2)/2, where
length was the longest axis and width the measurement at a right angle to the length [37].
Xenografts were considered established when the tumor volume reached approximately 60
mm3, at which time mice were treated with 1 mg of cetuximab or PBS control once weekly
for 3 weeks. Mice were euthanized 3 days after their last treatment. Data were expressed as
mean tumor volume ± standard deviation for each treatment group. This research project
was approved by the Institutional Animal Care and Use Committee of The University of
Texas MD Anderson Cancer Center.

3. Results
3.1. Constitutively active H-Ras blocks cetuximab-mediated inhibition of Akt and Erk
phosphorylation

Previous studies have demonstrated that EGFR-targeting agents such as cetuximab and
gefitinib inhibit the activation-specific phosphorylation of EGFR downstream targets such
as Akt and Erk [38,39]. Therefore, we examined the ability of cetuximab to inhibit the
phosphorylation of these EGFR downstream targets after the introduction of constitutively
active H-Ras G12V into A431 cells. Fig. 1 shows that A431-Ras cells had higher basal
phosphorylation levels of Akt and Erk than did A431V control cells. Furthermore, although
cetuximab clearly reduced the levels of phosphorylated Akt and phosphorylated Erk in
A431V cells as expected, cetuximab only marginally reduced these levels in A431-Ras cells.
No changes in total Akt or Erk were seen in either of the two cell lines, indicating equal
protein loading. These results demonstrate that constitutively active H-Ras G12V could
activate Akt and Erk independently from the activity of EGFR. Analysis of the same blot
with an anti-His G antibody illustrated the presence of His-tagged H-Ras G12V.

3.2. Constitutively active H-Ras reduces antiproliferative effects of cetuximab and gefitinib
We next determined whether constitutively active H-Ras G12V could confer resistance to
the antiproliferative activity of cetuximab and gefitinib. As expected, cetuximab inhibited
the proliferation of both parental A431 and control A431V cells, with maximum inhibition
reached at ≥ 5 nM (Fig. 2A). In contrast, the proliferation of A431-Ras cells was minimally
reduced by cetuximab, with only a 30–35% inhibition seen at the maximum dose of
cetuximab used (Fig. 2A). Statistical significance was seen between either parental A431 or
A431V and A431-Ras cells in all treatment doses ≥ 1 nM of cetuximab. Like cetuximab,
gefitinib inhibited the proliferation of both parental A431 and A431V cells in a dose-
dependent manner but had only weak antiproliferative activity against the A431-Ras cells
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(Fig. 2B). At the maximum dose of gefitinib used (10 μM), which can lead to nonspecific
inhibition of kinases other than the EGFR, the drug equally inhibited parental A431, A431V,
and A431-Ras cells. Statistical significance was seen between either parental A431 or
A431V and A431-Ras cells in all treatment doses ≥ 0.05 μM of gefitinib, except 10 μM.
Statistical significance was not observed at any dose of cetuximab or gefitinib between
parental A431 and A431V cells.

3.3. Constitutively active H-Ras blocks cetuximab/gefitinib-mediated reduction of HIF-1α
Previous studies have demonstrated that the Ras/PI3K/Akt and Ras/Erk pathways regulate
the expression of HIF-1α and VEGF [4–8]. Furthermore, we have previously shown that
cetuximab can reduce the expression levels of HIF-1α and VEGF [36,40]. Therefore, we
next determined whether the expression of constitutively active H-Ras could influence the
effect of cetuximab and gefitinib on HIF-1α expression and subsequent HIF-1α-mediated
VEGF transcription under both normoxic and hypoxic conditions. There was no substantial
difference in normoxic or hypoxia-induced levels of HIF-1α between the A431V and A431-
Ras cells (Fig. 3A). However, both cetuximab and gefitinib reduced the normoxic and
hypoxia-induced levels of HIF-1α in A431V cells but failed to reduce the normoxic and
hypoxia-induced levels of HIF-1α in A431-Ras cells.

As HIF-1α regulates the expression of VEGF, we next determined whether the effects of
cetuximab and gefitinib on HIF-1α expression described above would correlate to HIF-1α
transcriptional activity in cells transfected with the luciferase reporter gene construct pBI-
GL-V6L, which contains six tandem repeats of the hypoxia response element from the
human VEGF gene [35]. As expected, a substantial increase in luciferase activity was
observed in cells cultured in hypoxic conditions compared with that observed in cells
cultured under normoxic conditions (data not shown). In hypoxic conditions, cetuximab and
gefitinib reduced the luciferase activity in A431V cells by 52% and 79%, respectively,
compared with untreated controls (Fig. 3B). In contrast, this reduced luciferase activity was
somewhat blocked in the A431-Ras cells, with the luciferase activity reduced by 10% and
4% by cetuximab and gefitinib, respectively, compared with controls. Taken together, these
results indicate that constitutively active H-Ras inhibited the effects of cetuximab and
gefitinib on both HIF-1α expression and its subsequent transcriptional activity.

3.4. Constitutively active H-Ras reduced antiproliferative effects of combinational
treatment with cisplatin plus cetuximab or gefitinib

Previous studies have shown that cetuximab and gefitinib can sensitize tumor cells to
chemotherapy, leading to additive or synergistic inhibition in both cell culture and animal
models [33,41–43]. Therefore, we examined whether constitutively active H-Ras G12V can
block the effects of cisplatin as a single agent and the cetuximab- or gefitinib-mediated
sensitization to cisplatin. Interestingly, A431V and A431-Ras cells were equally sensitive to
cisplatin in a dose-dependent manner (Fig. 4A); however, we observed differences between
the antiproliferative effects of combined treatment with cisplatin plus either cetuximab or
gefitinib in A431V cells and the antiproliferative effects of the same treatment in A431-Ras
cells. The combination of cisplatin and cetuximab inhibited A431V cell proliferation to 43%
of the proliferation of untreated cells, while similar treatment inhibited A431-Ras cell
proliferation to only 75% of the proliferation of untreated cells (Fig. 4B). Likewise,
treatment with cisplatin and gefitinib reduced the A431V cell proliferation to 26% of the
proliferation of untreated cells, while similar treatment inhibited A431-Ras cell proliferation
to only 62% of the proliferation of untreated cells (Fig. 4C). These results indicate that
although no increased resistance to cisplatin was observed when cells expressed
constitutively active H-Ras, constitutively active H-Ras could confer increased resistance to
combinational treatment with cisplatin plus cetuximab or gefitinib.
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3.5. Constitutively active H-Ras reduced antitumor efficacy of cetuximab in vivo
To determine whether the expression of constitutively active Ras could reduce the antitumor
activity of cetuximab in vivo, we inoculated A431V and A431-Ras cells into nude mice,
which were then treated with cetuximab or vehicle control as described in Materials and
Methods. Interestingly, the A431-Ras xenografts grew slightly slower than the A431-V
xenografts, although the mean tumor volumes between groups were not significantly
different (p = 0.17). As expected, cetuximab significantly inhibited the growth of A431V
xenografts (Fig. 5A). At three days after the last treatment, when the animals were
euthanized, the mean A431V xenograft tumor volume was 1,880 ± 310 mm3 for the control
group and a significantly smaller 300 ± 180 mm3 for the cetuximab-treated group (p <
0.005). Although cetuximab also significantly inhibited the growth of the A431-Ras
xenograft tumors, the level of inhibition was far less then that seen with the A431V
xenografts (Fig. 5B). Statistical analysis revealed that cetuximab could significantly inhibit
A431V xenograft growth by day 14 but took until day 20 to significantly inhibit A431-Ras
xenograft growth (p < 0.05). At the time of euthanasia, the mean A431-Ras xenograft tumor
volume was 1,240 ± 200 mm3 for the control group and 640 ± 190 mm3 for the cetuximab-
treated group (p < 0.02). Although cetuximab significantly inhibited the growth of both
A431V and A431-Ras xenografts, cetuximab inhibited the tumor volume of A431V
xenografts to just 16 ± 10% of the tumor volume of the control group while inhibiting the
tumor volume of A431-Ras xenografts to 52 ± 7% of the tumor volume of the control group
(Fig. 5C, p <0.01). These results indicate that constitutively active H-Ras G12V can
negatively affect tumor response to the antitumor activity of cetuximab in vivo.

4. Discussion
Our in vitro and in vivo preclinical studies confirmed that expression of a constitutively
active H-Ras (G12V) can confer resistance to EGFR-targeting agents in a manner similar to
that of mutant K-Ras protein, which has been reported to play a key role in mediating
resistance to EGFR-blocking antibodies in the treatment of colorectal cancers [17–25]. It is
noteworthy that expression of H-Ras mutant did not confer complete resistance in vitro, and
particularly not in vivo, in our study, which may be due to that (1) Ras is not the only
downstream mediator that EGFR uses to transmit cell signaling, and (2) nude mice have
functional macrophages and natural killer cells capable of mediating antibody-dependent
cellular cytotoxicity (ADCC) effects [44]; cetuximab can mediate ADCC [45], which should
be irrespective to Ras mutation status.

Oncogenic mutations of Ras occur at varying frequencies in different types of tumors in
humans [46,47]. For example, H-Ras mutations have been reported in head and neck cancers
[29,30], one of only three types of cancers (along with colorectal cancer and lung cancer) for
which treatment with EGFR-targeting agents is currently approved by the U.S. Food and
Drug Administration. Our results provide laboratory evidence suggesting that screening for
H-Ras mutations should also be considered for patients with cancers that may harbor H-Ras
mutations, such as head and neck cancers so that these patients may be excluded from
treatment with EGFR-targeting agents.

The original discovery that the EGFR plays a critical role in cancer development and
progression generated much enthusiasm, as it was hoped that preventing EGFR activation
would block cancer growth and dramatically improve clinical outcomes and patient survival
durations. It is now known that the genetic profiles of cancer cells with respect to the
signaling pathways downstream of EGFR play a pivotal role in determining the efficacy of
EGFR-targeted therapies. For example, one study found that only 20–30% of patients with
colorectal cancer had disease that responded to EGFR-blocking antibodies [48]. A later
study found that among the 70–80% of patients with nonresponsive disease, 30–35% had K-
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Ras mutations, 20% had B-Raf or PI3K mutations, and the rest had other aberrations [23].
Thus, although EGFR plays important roles in tumorigenesis and tumor progression, cancer
cells are genetically unstable and can elude the effect of EGFR-targeted therapy through
several well-characterized and some not-yet-known resistance mechanisms.

Much research is now focused on the development of novel combinational therapies
targeting EGFR and EGFR downstream signaling pathways in an attempt to overcome
various resistance mechanisms. Unfortunately, Ras seems an “undruggable” target, as no
direct inhibitor targeting K-Ras or H-Ras has shown meaningful clinical activity to date
[49]. Studies of novel agents targeting proteins farther downstream, such as MEK, have
shown some encouraging clinical data [50]. HIF-1α—the expression of which is driven by
EGFR, other receptor tyrosine kinases, and constitutively active Ras mutants through the
activation of the PI3K/Akt/mTOR pathway [4–8]—may represent a promising target for
combinational treatment with EGFR-targeting agents [51].

In summary, H-Ras mutations can be a mechanism of resistance to EGFR-targeted therapy.
The development of novel agents targeting proteins downstream of the Ras pathways is
expected to improve tumor responses to EGFR-targeted therapy.
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Fig. 1.
Resistance to cetuximab-mediated inhibition of Akt and Erk phosphorylation in cells
transfected with a constitutively active H-Ras. A431 cells transfected with a control vector
(A431V) or an expression vector containing constitutively active H-RasG12V (A431-Ras)
were left untreated or were treated with 20 nM cetuximab for 16 h in serum-free medium.
Cell lysates were prepared and analyzed for the levels of total and phosphorylated Akt, total
and phosphorylated Erk, and His-tagged Ras by Western blot analysis with respective
antibodies.
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Fig. 2.
Resistance to cetuximab- and gefitinib-mediated antiproliferative effects in cells transfected
with a constitutively active H-Ras. Parental A431 (◇), A431V (□), and A431-Ras (▲) cells
were seeded at a density of 5 × 103/well and allowed to adhere overnight. Cells were then
treated with increasing doses of (A) cetuximab (0–20 nM) or (B) gefitinib (0–10 μM) in
medium containing 0.5% FBS for 5 days. Cell proliferation was assessed by an MTT assay
as described in Materials and Methods using the optical density (OD) of cell lysates as
relative numbers of cells. The OD value of each treated group was expressed as a percentage
of the OD value of the control group.
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Fig. 3.
Resistance to cetuximab- and gefitinib-mediated downregulation of HIF-α protein and HIF-
α transcriptional activity in cells transfected with a constitutively active H-Ras. (A) A431V
and A431-Ras cells were left untreated or were treated with cetuximab (20 nM) or gefitinib
(0.5 μM) for 16 h in serum-free medium in normoxic or hypoxic conditions. Cell lysates
were prepared and analyzed for the levels of HIF-α by Western blot analysis with respective
antibodies. The level of β-actin was also measured as a protein-loading control. (B) A431V
and A431-Ras cells were transiently transfected with the pBI-GL-V6L vector for 24 h with
FuGENE-6 as indicated in Materials and Methods. The cells were left untreated or were
treated with cetuximab (20 nM) or gefitinib (0.5 μM) for 16 h in normoxic or hypoxic
conditions. Luciferase reporter activity was then measured in each group as described in
Materials and Methods. Relative luciferase activity was determined by standardizing the
readings of untreated cells to 100% after normalizing values to the total protein
concentration of each sample. The data represent the mean of three independent experiments
using triplicate wells. The bars indicate standard deviation. * p < 0.05
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Fig. 4.
Reduced antiproliferative effects of cetuximab or gefitinib in combination with cisplatin in
cells transfected with a constitutively active H-Ras. A431V and A431-Ras cells (5 × 103)
were seeded and allowed to adhere overnight in medium containing 10% FBS. (A) A431V
(□) and A431-Ras (▲) cells were then pulsed with increasing doses of cisplatin (0–10 μM)
for 3 h, washed in PBS and left for 5 days in medium containing 0.5% FBS. (B) Cells were
left untreated (solid column) or were pulsed with 1 μM of cisplatin for 3 h, washed in PBS,
and then treated with 1 nM of cetuximab (open column). (C) Cells were untreated (solid
column) or were pulsed with 1 μM of cisplatin for 3 h, washed in PBS, and then treated with
0.1 μM of gefitinib (open column) in medium containing 0.5% FBS for 5 days. Cell
proliferation was assessed by an MTT assay as described in Materials and Methods using
the optical density (OD) of cell lysates as relative numbers of cells. The OD value in the
treated groups was expressed as a percentage of the OD value of the control group. The bars
indicate standard deviation.
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Fig. 5.
Reduced antitumor effects of cetuximab in xenografts of cells transfected with a
constitutively active H-Ras. (A) A431V and (B) A431-Ras cells (5 × 106) were injected
subcutaneously into both flanks (A431V, left side; A431-Ras, right side) of 6–8-week-old
male NCr nude mice (n = 5; on day 0). Mice were injected intraperitoneally with either 1-mg
doses of cetuximab (□) or vehicle control, (▲) starting when tumors had reached a mean
tumor volume of 60 mm3. Injections were given on days 3, 10, and 17. Data are expressed as
mean tumor volume; bars indicate standard deviation. (C) Percentage inhibition of A431V
and A431-Ras xenografts by cetuximab (open columns) compared with vehicle control
(solid columns) was calculated on day 20, the final day of the experiment.
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