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“Table 2. Response

According to Treatment Group.*

Response

Partial response
Complete or partia

Stable disease

evaluated

Complete response

Progressive disease

Response that could not be

to Treatment in the lntentmn-to-Treat Populatlon :
Gefitinib Carboplatin-Paclitaxel
{N=114) (N=114)
number of patients (percent)
5 (4.4) 0
79 (69.3) 35 (30.7)
| responsey 84 (73.7) 35 {30.7)
18 (15.8) 56 {49.1)
11 (9.6) 16 (14.0)
1(0.9) 7(6.1)

* All responses differed significantly between the two groups (P<0.001 by
Fisher's exact test).

T The percentage of patients in whom there was either a complete or a partial
response was considered to be the rate of objective response.
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progression-free survival from our phase 2 studies
in patients with non—small-cell lung cancer and
EGFR mutations. The data on overall survival first
became available in 2008, when the combined
analysis of Japanese phase 2 studies (Iressa —
Combined Analysis of Mutation Positives [I-CAMP])
and the subgroup analyses of IPASS were report-
ed.”22 We thus planned to have progression-free
survival as the primary end point in the current
study, because it allowed us to calculate the sta-
tistical power of the study.

Several studies have suggested that the EGFR
copy number may be a better predictive biomark-
er for the efficacy of EGFR tyrosine kinase inhibi-
tors than the presence of an EGFR mutation.??
However, its predictive capacity has been reported
only in placebo-controlled trials (Iressa Survival
Evaluation in Lung Cancer [ISEL]** and the BR.21
study??). Moreover, the subgroup analysis in IPASS
showed that longer progression-free survival was
significantly associated with sensitive EGFR mu-
tations but not with a high EGFR copy number.
We therefore believe that evaluation of the copy
number is not necessary when an EGFR muta-
tion test is available. In the current study, EGFR
mutations were detected with the use of the PNA-
LNA PCR clamp method, the usefulness of which
has been validated.?s:1¢ With this method, EGFR
mutations can be detected from small cytologic
specimens, such as those from bronchial wash-
ings, pleural effusions, and sputum collection,
which are frequently used for the diagnosis of ad-
vanced non-small-cell lung cancer. The results

of the analyses are obtained within several days,
so the treatment is usually not delayed. The PNA-
LNA PCR clamp approach is readily available and
is covered by health insurance in Japan.

The best timing of treatment with an EGFR
tyrosine kinase inhibitor for patients with EGFR
mutations remains undetermined. A recent study
showed that overall survival did not differ signifi-
cantly between first-line and second-line treat-
ments with erlotinib.?* Overall survival is consid-
ered to be influenced by the second-line or later
treatment. In the current study, 95% of the pa-
tients in whom firstline carboplatin—paclitaxel
failed crossed over to gefitinib therapy. Such a
high crossover rate has not been reported in pre-
vious studies of EGFR tyrosine kinase inhibitors.
For example, in IPASS, only 39% of patients in
the first-line chemotherapy group later received an
EGEFR-tyrosine kinase inhibitor. Considering that
in our study the median overall survival in the
gefitinib group was 7 months longer than that in
the chemotherapy group (30.5 months vs. 23.6
months), in which virtually all patients were given
gefitinib as the second-line treatment, and that the
rate of response to gefitinib was slightly worse
in the second-line setting than in the first-line
setting (58.5% vs. 73.7%), first-line gefitinib may
be more effective than gefitinib as second-line or
later therapy. This idea needs to be tested in stud-
ies with large samples or in a meta-analysis.

We believe that the prolonged progression-free
survival provided by the use of first-line gefitinib
is valuable for patients with advanced non-small-
cell lung cancer, who have a poor prognosis. If
gefitinib is administered as second-line or third-
line treatment, patients may miss the opportunity
to receive treatment with gefitinib because of rap-
idly progressive disease during or after first-line
treatment. We believe that the current study, in
combination with our previous study of patients
with mutated-EGFR non-small-cell lung cancer
and poor performance status,? establishes the
clinical benefit of an EGFR tyrosine kinase in-
hibitor as first-line treatment in patients with non—
small-cell lung cancer and sensitive EGFR muta-
tions.

Predictable toxicity profiles were observed with
gefitinib and with carboplatin—paclitaxel in the
current study. Diarrhea and rash were seen more
often in the gefitinib group, whereas hematologic
and neurologic toxic effects were more common
in the chemotherapy group. Gefitinib appears to
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Table 3, Common Toxic Effects in the Safety Population, According to Treatment Group.*

P Value for
Grade 23

Toxic Effect Gefitinib (N=114)

Grade 1 Grade 2 Grade3 Grade 4 Grade =3
no. (%)

0 1(09) 7 0 0
0 6(53) 39 18 7
0 3(26) 19 1 1
0 6(53) 8 14 3
0 0 28 27 7
0 1(0.9) 25 21 8
4 3(2.6) 0 0 0
1 0
1
0
0
4

Carboplatin—Padlitaxel (N=113)
Gradel Grade2 Grade3 Grade 4 Grade =3
no. (%)

0 <0.001
7(6.2) <0.001
1(0.9) 0.002
3(2.7) <0.001
7(6.2) <0.001
8 (7.1) <0.001
0 0.02
1(0.9) <0.001
74 (65.5) <0.001
6 (5.3) <0.001
4 (3.5) <0.001
81(7L.7)  <0.001

no. of patients no. of patients
Diarrhea 32 6 1
Appetite loss 7 4
Fatigue 8 1
Rash 38 37
Neuropathy (sensory} 0 1

Arthralgia

N = O O W

Pneumonitis 3 0

- O 0O 0O O O © O

Aminotransferase elevation 20 13 29 30 (26.3) 31 5
1(0.9) 4 9 37
0 35 32 6
0 25 3 3

P 47 (4L2) 4 25 41

(=]
W
~

Neutropenia 5 1
Anemia 19

Thrombocytopenia 8 0
Any 17 44 43

-
QO = O

* Toxic-effect grades are based on the National Cancer Institute Common Terminology Criteria {version 3.0).
T One patient counted here had a grade 5 toxic effect.

be less toxic than carboplatin—paclitaxel. The only In conclusion, the efficacy of firstline gefi-

exception was interstitial lung disease; there were
three cases of severe interstitial lung disease
{(2grade 3) in the gefitinib group and none in the
chemotherapy group; one of the cases was fatal.
The patient who died was a woman who had no
history of smoking and thus had a relatively low
risk of interstitial lung disease. Gefitinib some-
times causes diffuse alveolar or interstitial dam-
age, especially during the first 3 months of treat-
ment.?’ The estimated incidence of interstitial
lung disease is low in many countries (e.g., 0.3%
in United States)?® but is relatively high (4 to 6%)
in Japan.2%3° Every patient treated with an EGFR
tyrosine kinase inhibitor should be carefully
monitored for this toxic effect.

tinib was superior to that of standard chemother-
apy, with acceptable toxicity, in patients with ad-
vanced non-small-cell lung cancer harboring
sensitive EGFR mutations. Selection of patients
on the basis of EGFR-mutation status is strongly
recommended.
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Abstract

Purpose To evaluate the efficacy and safety of FOLFOX4
using “wait and go” strategy in treating metastatic colorectal
cancer.

Methods The conventional FOLFOX4 was repeated
every 2 weeks. We waited until the recovery of symptoms
from persistent neurotoxicity within an added period of
2 weeks, before performing the next cycle (“wait and go”
strategy).

Results 'We enrolled 58 patients, in whom a total of 481
cycles were administered (median 8 per patient; range
1-16). Toxicity was evaluated in 58 patients and response
in 55. The major toxic effect was grade 3/4 neutropenia
(33%). Painful paresthesid or persistent functional impairment
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was observed in 4 patients (7%). The response rate was
40% (95% confidence interval; 27.1-52.9%). The median
progression-free survival time was 10.2 months, the 1-year
survival rate was 89%, and the median overall survival time
was 27.6 months.

Conclusions These findings indicate that this “wait and
go” strategy reduces the frequency of persistent neuropathy
while maintaining efficacy against metastatic colorectal
cancer.
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Background

Oxaliplatin, a third-generation platinum anticancer drug,
has been shown to be effective for the treatment of meta-
static colorectal cancer (CRC) [1, 5, 9, 21]. Currently, the
FOLFOX chemotherapy regimen, consisting of oxaliplatin,
S-fluorouracil (5-FU), and leucovorin (LV), has become the
standard regimen as first-line treatment for metastatic colo-
rectal cancer [5, 9, 21]. The European adjuvant trial for
colon cancer (MOSAIC) demonstrated significant improve-
ment in 3-year disease-free survival when oxaliplatin was
added to infusional 5-FU and LV [1].

One of the well-known dose-limiting factors of oxaliplatin
is a delayed-onset, cumulative, dose-related peripheral
neuropathy, characterized by persistent paresthesias affecting
the hands and feet, and which does not remit between
cycles of treatment [5, 18]. Persistent peripheral neuropathy
with pain or function impairment interfering with activities
of daily living (grade 3) occurs in 10-20% of patients
receiving total oxaliplatin doses >750-850 mg/m? [5, 9, 21].
Of great concern is the development of persistent peripheral
neuropathy that requires complete discontinuation of oxalipl-
atin, regardless of its efficacy, to avoid a debilitating neu-
ropathy, which may take 6—10 months to resolve [5, 7].
Although this neuropathy is largely reversible, safety data
from the MOSAIC trial determined that at 4 years, a small
minority of patients (<5%) have grade 3 persistent peripheral
neuropathy after 6 months of adjuvant FOLFOX4 treatment
[2]. Various schedules have been pursued to reduce neurop-
athy. A randomized trial of FOLFOX4 versus scheduled
intermittent oxaliplatin (OPTIMOX 1) was associated with
a slight reduction in grade 3 neuropathy (17.9% versus
13.3%, P = 0.12) without lack of efficacy in response or
progression-free survival [22]. Despite equivalent efficacy,
the OPTIMOX 1 “stop and go” strategy has not been
widely adopted for all patients. This is probably as a result
of variability in management of patients by different physi-
cians, heterogeneity of the disease, and inability to reinsti-
tute oxaliplatin at the time of progression, often because of
persistent neuropathy [7].

For patients with unresectable metastatic disease, the
duration of treatment is indefinite, extending until disease
progression or until the treatment is no longer tolerated.
Hence, it is imperative to manage appropriately the persistent
peripheral neuropathy, which causes deteriorating in the
quality of life during treatment. No single strategy, including
calcium (Ca)-magnesium (Mg) supplementation [8, 11, 12]
and various antineuropathic and antiepileptic medications [4,
10], has proven effective for preventing or reducing the
cumulative neuropathy associated with oxaliplatin.

Ore possible approach to prevent grade 3 sensory neuro-
toxicity during treatment is to wait for the complete recovery
of paresthesia or dysesthesia from persistent neurotoxicity

@ Springer

until 29 days, followed by the subsequent course without
dose modification. If paresthesia or dysesthesia continues
over 29 days, the dose of oxaliplatin is reduced in the
subsequent course, to maintain the antitumor effect of
FOLFOX. We conducted the present phase II study to
investigate this novel “wait and go” strategy.

Methods

The eligibility criteria for inclusion onto the study were as
follows: adenocarcinoma of the colon or rectum; unresec-
table metastases; at least one measurable lesion of 1 cm or a
residual nonmeasurable lesion; adequate bone marrow
(hemoglobin >9.0 g/dl, leukocyte count lower limits of nor-
mal —12,000/mm?®, neutrophils <1,500/mm?, platelet count
100,000/mm?), liver (AST and ALT 2.5 upper limits of nor-
mal [UNL), total bilirubin 1.5 UNL, alkaline phosphatases
2.5 UNL), and renal function (creatinine less than UNL);
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) of 0-2; and age 20-80 years. Previous adjuvant
fluoropyrimidine chemotherapy, if given, must have been
completed at least 2 weeks before inclusion. Patients with
uncontrolled infection, massive ascites or pleural effusion,
brain metastases, second malignancies, bowel obstruction,
current watery diarrhea, a history of oxaliplatin-based adju-
vant chemotherapy, or disease confined to previous radiation
fields were excluded. Written informed consent was required
and the Ethical Committee approved the study.

Chemotherapy

Eligible patients were treated with the FOLFOX4 regimen
[1, 9, 21]. Each cycle comprised oxaliplatin 85 mg/m? and I-
LV 100 mg/m® intravenously (IV) administered simulta-
neously for 2 h followed by 5-FU 400 mg/m® IV bolus fol-
lowed by 5-FU 600 mg/m? infusion for 22 h on day 1, and
the same therapy, without the oxaliplatin, administered on
day 2 (total 46 h after the initial 2 h IV) of a 14-day treatment
cycle. Pretreatment with a 5-hydroxytryptamine-3 antagonist
and dexamethasone was strongly recommended, although
the administration of intravenous calcium and magnesium
was not permitted in order to prevent oxaliplatin-induced
neuropathy. Treatment was continued until disease progres-
sion (PD), unacceptable toxicity, or patient choice.

Toxicity was assessed before starting each 2-week cycle
using the National Cancer Institute-Common Toxicity Crite-
ria (NCI-CTC) version 3.0. A specific scale was used for sen-
sory neurotoxicity: grade 1 is brief paresthesia with complete
regression before the next cycle, grade 2 is persistent pares-
thesia or dysesthesia without functional impairment over the
next cycle, and grade 3 is painful paresthesia or persistent
functional impairment (Table 1).
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Table 1 Specific scale for sensory neurotoxicity

Grade Sensory neurotoxicity
1 Brief paresthesia with complete
regression before the next cycle (<15 days)
2 Persistent paresthesia or dysesthesia
without functional impairment over
the next cycle (215 days)
3 Painful paresthesia or persistent

functional impairment

Chemotherapy was delayed until recovery if neutrophils
<1,500/mm>, platelets <75,000/mm’, or for significant per-
sistent non-hematological toxicity. If grade 4 neutropenia,
grade 3/4 thrombocytopenia, or grade 3/4 gastrointestinal
toxicities occurred, the FU dose was reduced to 300 mg/m?
for the bolus component and 500 mg/m? for the infusion
component and the oxaliplatin dose was reduced to 65 mg/m’.
In the case of grade 2 paresthesia at a new cycle of treat-
ment, the next cycle of FOLFOX4 was delayed until the
recovery of paresthesia from persistent neurotoxicity for up
to 2 additional weeks (<29 days). If it persisted for 29 days,
the oxaliplatin was reduced to 65mg/m? If grade 3
paresthesia was present during treatment, oxaliplatin was
omitted from the regimen.

Treatment was discontinued if subsequent reduction was
indicated.

Evaluation

Pretreatment evaluation included complete patient histories,
physical examinations, complete blood cell counts,
biochemistry involving liver and renal functions, urinalysis,
tumor markers including CEA and CA19-9, chest roentgen-
ogram, electrocardiogram, and computed tomographic
scans of the abdomen and chest. According to NCI-CTC
version 3.0, toxicity and laboratory variables in complete
blood cell counts, biochemistry, and urinalysis were
assessed weekly during the first course, on days 1 and 15
from the second through to the sixth course and at least
once during subsequent courses. CT scans were repeated to
evaluate lesions every two courses and tumor markers were
measured at the same time. Responses were evaluated
according to the RECIST criteria [20]. To confirm partial
response (PR) (30% or greater decrease in the sum of the
longest dimensions of target lesions, referenced against the
baseline sum of the longest dimensions of target lesions
together with stabilization or decrease in size of nontarget
lesions) or complete response (CR) (disappearance of all
target and nontarget lesions together with normalization of
tumor marker levels), tumor measurements were repeated
no less than 4 weeks after objective response was firstly
obtained. Responses were assessed by external review.

Overall survival (OS) was defined as the time from treat-
ment initiation to death from any cause. Progression-free
survival (PFS) was the time from treatment initiation to first
documentation of disease progression detected by the exter-
nal review or death from any cause (censored at second-line
chemotherapy). Time-to-treatment failure (TTF) was the
time from treatment initiation to discontinuation of
treatment, first documentation of disease progression by the
external review, or death from any cause.

Statistical evaluations

The phase II study was designed to test the null hypothesis
that the true response probability is less than the clinically
significant level of 25%. The response rate of first-line
FOLFOX was reported to be from 45 to 50%. The altemative
hypothesis of the response rate in this study was >45%,
because the “wait and go” strategy to prevent grade 3 pares-
thesia might diminish the response. The probability of
accepting treatment with a response probability (25%) was
P =0.05. The probability of rejecting treatment with a
response rate of 45% was P = (.2; therefore, the required
number of patients was estimated to be 49. Allowing for a
patient ineligibility rate of about 20%, we planned to enroll
60 patients. The 95% confidence interval (CI) was calcu-
lated for the RR, PFS, and TTF. OS, PES, and TTF were
calculated by the Kaplan-Meier method.

Results
Patients’ characteristics

We enrolled 58 patients between March 2006 and April
2008, all of whom metall eligibility requirements and
received at least one course of treatment. Patient character-
istics are summarized in Table 2, and all patients were eval-
uated for toxicity and response. The median age of patients
was 67.5 years (range, 37-80 years); 48 patients had an
ECOG PS of 0 and 10 patients had an ECOG PS of 1. There
were 13 patients with advanced disease with primary
tumors and 45 patients in recurrent status. Primary sites
were the colon in 35 patients and the rectum in 23 patients.
Metastatic sites were in the liver in 39 patients, lungs in 17,
lymph nodes in 21, and peritoneum in 11.

Safety

All 58 patients enrolled in the phase II study were assessable
for safety and received 481 treatment courses (median, 8
courses; range, 1-16 courses). The median relative dose
intensity was 76.9% for oxaliplatin, 76.7% for bolus FU, and
77.8% for infusion FU. The causes of treatment discontinua-
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Table 2 Patients’ profile (n = 58)

Characteristic No. of patients %
Median age, years (range) 67.5 (37-80)
Sex

Male 36

Female 22
ECOG PS

0 48

1 10

2 ]
Disease status

Advanced 3

Recurrent 45
Primary tumor

Colon 35

Rectum 23
Differentiation

Well 11

Moderate 42

Poor 5
Metastatic sites

Liver 39

Lymph node 21

Lung 17

Peritoneum 11

Others 4
No. of metastatic sites

0 0

1 : 25

>1 33

tion were disease progression in 20 patients (34.5%), delayed
recovery from toxicity such as neutropenia, thrombocytope-
nia, and liver dysfunction in 6 patients, withdrawal of con-
sent, mainly due to economic issues, in eight cases, surgery
for metastases in five patients, allergic reaction in five
patients, subsequent reduction in four patients, and grade 3
paresthesia in four patients (6.9%). There were no serious
unexpected adverse events and no treatment-related deaths.
The overall incidences (%) of hematological and non-
hematological toxicities in the phase II study are listed in
Table 3. Grade 3/4 neutropenia was the most common
adverse event and occurred in 32.8% of all 58 patients. No
patient had febrile neutropenia. With the exception of
paresthesia, major non-hematological toxicities were liver
dysfunction, anorexia, stomatitis, and diarrhea. Grade 3
non-hematological toxicities were diarrhea (1.7%) and
nausea (1.7%). We observed grade 1 paresthesia in 24
patients (41.4%), grade 2 in 13 patients (22.4%), and grade
3 in four patients (6.9%). Cumulative incidence of pares-
thesia is shown in Fig. 1. The median times to onset of
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Table 3 Observed adverse events according to number of patients

Event Number of patients (n = 58)
NCI-CTC grade, version 3
1 2 3 4 3/4, %
Leucopenia 10 28 6 0 10.3
Neutropenia 0 9 9 10 32.8
Anemia 12 14 1 0 1.7
Thrombocytopenia 28 6 2 0 34
Anorexia 12 9 0 0 0
Nausea 15 6 0 0 0
Vomiting 6 2 0 0 0
Fatigue 12 6 0 0 0
Diarrhea 4 2 1 0 1.7
Constipation 1 0 0 0 0
Stomatitis 4 0 0 0 0
Abnormal AST 27 5 1 0 1.7
Abnormal ALT 17 4 0 0 0
Hyperbilirubinemia 7 1 0 0 0
Neuropathy® 24 13 4 - 6.9
? A specific scale was used for neuropathy (Table 1)
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Days from the start of chemotherapy

Fig. 1 Cumulative incidence of neuropathy. Solid line, grade 3
neuropathy (n = 4); broken line, grade 2 neuropathy (n = 13); dotted
line, grade 1 neuropathy (n = 24)

paresthesias were 54.5 days for grade 1 and 213.5 days for
grade 2, respectively. Grade 3 paresthesia was observed
from 162 to 237 days from the start of chemotherapy. The
median cumulative doses of oxaliplatin associated with par-
esthesia were 255 mg/m? for grade 1,764 mg/m? for grade
2, and 973 mg/m? for grade 3.

The dose reductions were required in 16 of all 58
patients (27.6%). Among these 16 patients, the reasons for
dose reduction were grade 4 neutropenia in eight patients,
grade 3/4 gastrointestinal toxicities in one patient, grade 3/4
thrombocytopenia in three patients, and grade 2 paresthesia
in only one patient. The treatment delay within 2 weeks
was observed in 50 of all 58 patients (86.2%) among 171 of
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Fig. 2 The frequency of treatment delays in terms of treatment cycle.
Black bar, numbers of patients who started the treatment within
29 days from the initial day of the previous chemotherapy cycle; White
bar, numbers of patients who started the treatment over 29 days from
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Fig. 3 Kaplan-Meier estimates of progression-free survival (n = 58)

the initial day of the previous chemotherapy cycle 10
all 481 treatment courses (35.6%). The frequency of 08 -
treatment delay over 2 weeks was from 40.9 to 100% after £ -
the fourth treatment course (Fig. 2). g 06 —
%‘ -
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The response was assessed as CR, PR, stable disease (SD) 02 -
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the sum of the longest dimensions of target lesions, refer- 0.0
enced against the baseline sum of the longest dimensions of 0 ' '5 ' 1'0 ' 1r5 ' 210 ' ;5 ' 310 ' 55 '

target lesions together with stabilization or decrease in size
of nontarget lesions), and progressive disease (PD) in 2, 20,
25, and 8, respectively, of the S5 patients in the efficacy
analysis set (three were not assessable). The RR was 40.0%
(95% CI 28.1-53.2%) and the disease control rate
(CR + PR + SD) was 85.5% (95% C1 73.8-92.4%).

The median follow-up period was 15.5 months as of the
data cut-off date, October 15, 2009. The median PFS was
10.2 months (95% CI 6.4-14.0 months) (Fig.3), median
overall survival time (MST) was 27.6 months (95% CI 20.6—
35.6 months) (Fig. 4), and median TTF was 5.0 months (95%
CI 3.6-5.1 months). The patients who received the second-line
chemotherapy or the surgery for metastases without PD were
censored at the date of image examination immediately before
the second-line chemotherapy or the surgery for metastases in
PES analysis. The 1- and 2-year survival rate of MST was
80.0% (95% CI 80.7-97.3%) and 57.8% (95% CI 42.3-
73.4%), respectively. Of the 58 patients, 46 (79.3%) discontin-
ued treatment and received second-line chemotherapy.

Discussion

We set out to determine whether the “wait and go” strategy
for FOLFOX4 in the treatment of metastatic colorectal

Months from the start of chemotherapy

Fig. 4 Kaplan-Meyer estimates of overall survival (n = 58)

cancer would be effective. This is the first study of FOL-
FOX4 with the novel “wait and go” strategy, which mini-
mizes painful paresthesia or persistent functional impairment
during treatment by a 2-week wait for the recovery of pares-
thesia or dysesthesia from persistent neurotoxicity at the new
cycle of weatment. Using this strategy, a very promising
efficacy, low incidence of painful paresthesia or persistent
functional impairment of 6.9% was obtained in our phase I
study: an RR of 40.0%, a median PFS of 10.2 months, and an
MST of 27.6 months with a 1-year survival rate of 89.0%.
Our efficacy results are comparable to those of other recently
reported FOLFOX4 regimens for metastatic colorectal can-
cer, although the RR of 40.0% is slightly lower than previ-
ously reported rates of 45% [9] to 49.5% [5]. One possible
explanation might be that the frequency of treatment delay of
up to 2 weeks in almost 40% of cases in the fourth and fifth
treatment course might diminish the confirmation rate of
response (Fig. 2). However, it is true that the RR of 40.0%
with 95% CI from 28.1 to 53.2% met the primary endpoint of
this study.
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In this study, the allowance for a patient ineligibility rate
was set at 20%, which is twice the ordinary rate of 10%,
because the aim of this study was to evaluate the new “wait
and go” strategy concept. Fortunately, all 58 accrued
patients were treated with this strategy. During this study,
the new molecular targeting drug, bevacizumab, was
approved at April 2007 by the Japanese regulatory authori-
ties, and the combination of bevacizumab and chemother-
apy including the FOLFOX4 regimen became one of the
standard therapies for metastatic colorectal cancer in Japan.
The introduction of bevacizumab to clinical practice
slowed patient accrual in this trail. At 2 years from the start
of this study, the number of enrolled patients reached 58
patients, which was more than the required 49 patients ini-
tially estimated as necessary for statistical evaluation of this
trial. We halted accrual of patients in April 2008 in accor-
dance with the recommendation of the safety monitoring
committee.

The grading system, originally developed by Levi and
co-workers [16], takes into account both intensity and dura-
tion of symptom-related oxaliplatin-induced neurological
toxicity. At present, the most commonly used neurological
toxicity scale is the NCI-CTC, which considers only the
intensity of neuropathy. Our grading system used in this
study was consistent with that by Levi etal. [16, 17], in
terms of the consideration of both intensity and duration of
symptom-related oxaliplatin-induced neurological toxicity.
The duration reported by Levi et al. was within 1 week or
2 weeks [16, 17]. Because the new cycle of FOLFOX4 is
begun every 2 weeks, we decided on 2 weeks as an appro-
priate period to evaluate grade 1 or 2 paresthesia. However,
the criteria for grade 3 neurological toxicity (painful pares-
thesia or persistent functional impairment) used in our
study are similar to that of the NCI-CTC. Thus, our criteria
are appropriate to indirectly compare the frequency of
grade 3 neurological toxicity between other clinical trials
and this trial.

The frequency of grade 3 neurological toxicity was 6.9%
in this trial. In a European trial in advanced colorectal can-
cer, 18% of patients assigned to the FOLFOX4 regimen
had grade 3 neurosensory toxicity during treatment [S]. The
same rate was observed among patients assigned to the
FOLFOX4 regimen in a North Central Cancer Treatment
Group study in metastatic colorectal cancer [9]. In the Mul-
ticenter International Study of Oxaliplatin/5-Fluorouracil,
Leucovorin in the Adjuvant Treatment of Colon Cancer
(MOSAIC), 12.4% of patients treated with FOLFOX4
developed grade 3 paresthesia during therapy [1]. The rates
of grade 3 neurotoxicity in those studies are higher than the
6.9% observed in this study. In the National Surgical Adju-
vant Breast and Bowel Project (NSABP) C-07 study, the
incidence of grade 3 neurotoxicity was reported to be 8.4%
among patients treated with the FLOX regimen (500 mg/m?
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FU intravenous (IV) bolus weekly for 6 weeks plus
500 mg/m? LV IV weekly for 6 weeks with 85 mg/m?®
oxaliplatin IV administered on weeks 1, 3, and 5 of each
8-week cycle for three cycles [13, 14]). This lower inci-
dence of grade 3 neurological toxicity was speculated to be
partly due to the scheduled rest in the FLOX regimen. The
2-week wait in the FOLFOX4 regimen depending on the
persistency of neurological toxicity might prevent grade 3
neurological toxicity, even in metastatic disease.

The dose reduction and discontinuation of oxaliplatin
due to neurological toxicity has varied in different trials.
Rothenberg etal. reported the 85 mg/m? oxaliplatin in
FOLFOX4 was reduced to 65 mg/m? in cases of persistent
paresthesia or dysesthesia with preserved function, but not
activities of daily living (grade 2), or temporary (714 days)
paresthesia or dysesthesia with pain or function impairment
that interferes with activities of daily living (grade 3) [18].
Oxaliplatin was omitted from the regimen until recovery in
the case of grade 2 persistent paresthesia or dysesthesia, or
grade 3 temporary (1-14 days) paresthesia or dysesthesia.
The incidence of grade 3 cumulative neuropathy is reported
to be 3%. This lower incidence might be explained by the 6
cycles as the median number of treatment cycles, due to the
second-line setting for progressive colorectal cancer after
the irinotecan-containing regimen. In the study on first-line
FOLFOX reported by de Gramount et al. [5], oxaliplatin
was reduced in cases of persistent (>14 days) paresthesia
or temporary (7-14 days) painful paresthesia or temporary
functional impairment. In cases of persistent (>14 days)
painful paresthesia or persistent functional impairment,
oxaliplatin was omitted from the regimen until recovery.
Paresthesia with pain and cumulative paresthesia interfer-
ing with function occurred in 10.5 and 16.3% of patients,
respectively. The dose intensity was 76% for FU and 73%
for oxaliplatin during all cycles, which is similar to the
76.7% for bolus FU and 77.8% for infusion FU and 76.9%
for oxaliplatin in our study. Considering the similar dose
intensity of oxaliplatin, the “wait and go” strategy might
effectively prevent painful paresthesia or persistent func-
tional impairment compared with previously reported con-
ventional methods to reduce the dose and to discontinue
oxaliplatin.

Our data have some limitations. First, our results were
obtained in a single-armed phase II study including small
number of patients. Additionally, FOLFOX4 was used
without molecular targeting drugs such as bevacizumab
[19] or anti-human epidermal growth factor receptor mono-
clonal antibodies [3, 6]. The independent studies are
warranted to extrapolate this “wait and go” strategy to
molecular targeting drug-containing regimens. Second, the
primary endpoint in this trial was the RR, not the reduction
in neurotoxicity. Prospective phase III trials, including
larger numbers of patients, are needed to corroborate our
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results. However, we believe that our results suggest that
this “wait and go” strategy could be a treatment of choice
for patients who are reluctant to encounter persistent neuro-
logical toxicity, especially in the palliative setting, with or
without molecular targeting drugs. Third, we evaluated the
neurological toxicity based on clinicians’ reports. In 2006,
the FDA recommended that patient-reported outcomes
should be considered the gold standard in addition to physi-
cian observation. Written in layman language, patient-
reported outcomes have been advocated by the NCI since
2006 alongside NCI-CTC. Patients’ assessment tools
should be used for greater accuracy of interpretation of
patient-reported outcomes [15, 23].

In conclusion, the “wait and go” strategy may be effec-
tive to prevent painful paresthesia or persistent functional
impairment during treatment while maintaining the
efficacy of the FOLFOX4 regimen for metastatic colorectal
cancer. Further evaluation is needed to examine whether
this strategy can be compared with the “stop and go”
strategy [22].
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Predictive Biomarkers of Anti-EGFR Monoclonal Anti-Body in Colorectal Cancer: Hiroshi Soeda, Hideki Shimodaira and
Chikashi Ishioka (*'Institute of Development, Aging and Cancer, Tohoku University, **Dept. of Clinical Oncology, Tohoku
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Summary

The epidermal growth factor receptor (EGFR), a receptor tyrosine kinase, triggers a downstream signaling cascade through
areas such as the RAS-RAF-MAPK and PI3K-AKT pathways, which are involved in cell proliferation, survival and motility.
Inhibiting EGFR activation has demonstrated significant promise as a molecular targeting therapy for various solid tumors. Two
monoclonal antibodies (mAbs) targeting EGFR, cetuximab and panitumumab, are established to be new treatment options
for metastatic colorectal cancer (mCRC). Among activating mutations in downstream of EGFR, the KRAS mutation, which is
present in 40% of mCRC patients, has shown to be a predictive biomarker for resistance to anti-EGFR antibody therapy based
on Caucasian studies. However, only a small proportion of patients achieved an objective response and benefit from anti-
EGFR antibody, even among those with wild-type KRAS tumors. Other downstream factors in EGFR signaling are now being
explored, such as the BRAF, PIK3CA, PTEN genes. Cetuximab, a chimeric immunoglobulin 1 (IgG:) moncclonal antibody, may
also exert antitumor effects through antibody-dependent cell-mediated cytotoxicity (ADCC). ADCC is influenced by FCyR
I a-H131R and FCYR I a-V158F polymorphisms. Additional analysis of BRAF, PIK3CA, PTEN and FcyR genes in KRAS wild-type
patients could narrow down the selection of patients who are most likely to benefit from anti-EGFR antibody therapy. Key
words: Anti-EGFR antibody, Predictive biomarker, Colorectal cancer, KRAS, Corresponding author: Hiroshi Soeda, Depart-
ment of Clinical Oncology, Institute of Development, Aging and Cancer, Tohoku University, 4-1 Seiryo-machi, Acba-ku,
Sendai 980-8575, Japan

BE HBEYBAELEST BRABBLZNRICT L5 FENHEFE, HiEGFR HMEETDH S cetuximab & panitumu-
mab 7% 5. YL EGFR BuABEX ) 7Y FO EGFRNOEEEHEL, VAFV FICL3ZF8EkFus 35 - BB
X UZDOTHD RAS 205 HHERER > 7 F V2 B 5. 5 EGFR MAERENOBHERB T, KRAS BETFICHER
BRODLKEBCHBEESPETERVILIRENTWED, KRASEIETIIMA T BRAF #i5F, PIK3CA %=
FhETUNAFT—F =L BEIrOREIFTODNT VD, £/, cetuximab ik IgG HiETH Y, ZOEBERO—
B EEEIRAEEEERIS (ADCO) ICEKFEL, For ZRRORETFLREICEEL RTS8 Tn5, 5%, KRAS
BIETF L L DI EGFR THEETR For REROEETEHERFTA I L1k, KBEROEIMLERL SOICHESES
boLHifEEIhs,

FOLFOX 2 VEGF Stk TH 5% bevacizumab ®

= K DA (Pl
kLo BERMELTH o 7275, RIFITBWTH cetuximab 7F

BAT - BRAEEICHT 2 BAEYEEIXZ 0 104£T
ELEAL, ATENEEEOBACL ) EFHES
JEAS 2R LT TICHRERENALELTERY, #
17 - BRABEO—K- ZREHE ORI FOLFIRL,

2008 £ 7 A1 EGFR B0 R BYIBARB L #1T - B
B - BRI U CEREE 2T, P EGFR ik #
ALY, SHICHEOBRPEN -7 NCCN
(National Comprehensive Cancer Network) ®#F 4 K5

YRR MEE SRR - RIREEE ST
Y ORALREERE - BEAR

EHES: T 980-8575 AT HERZME 4-1 FLKEMGEFMZER - BRERFSE

WwH KFE
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4T, BENDE A —kRIEHFE LT FOLFOX,
XELOX, FOLFIRI #EIChFRENGHEL AT 26
FEPHREIN TS,

1 EGFR JiR3E @ cetuximab &< 7 A & Bi#l ki
KD 1gGiH 77 FADF AFILE S 70— F VKT
H»5bo F72, panitumumab i IgG. V77 5 ADTELEE

MEE/ 70— FVHETH 5, ¢

I. HLEGFR hifk& EGFR & J FIUREREE

R MRBEREE AL (BT EGFR) i, Ml
BEETHZRETTNTCOLEMBICERT 5, EGFR
DEELHIENY 7FFIVEERRE LTRR1ICRT X
9 12, Ras/Raf/MAPK #B, PISK/Akt #&BE, JAK/
STAT &Mt 5, EHEMMICBIT 5 ECFR I, M
Kamsrik, HEIE, FE, HROAHCEELBEH RS
LCwa, —J, FME T EGFR OBEFTEL, &
O, BHE, B, £f% nEHRELREICB5T 5,
¥i EGFR Hifk#i3, EGFR DY F > FTH5 EGF Bk
U TGFa @ EGFR ~O&&EZHEL, VY H Y Ficks
ZREFOY X F—BOEM L EZHETSY,

L EGFR i IZ BN O BRAB T, KRAS BT
WCHARRER OB 5 AR CHEEHEN VI L AR
SNTWwWh, 2B, KBEBIZBWTIE cetuximab, pan-
itumumab & 12 EGFR OSEIMEE & BB ICIEHE
HEARD SR TVERNY,

II. KRAS

KRAS BT OEENEELE R e R ITHE, H
B, KBE, WRE2EL 0 MEAORSABRI
BWTEELRBREZ2H-TWE", KRAS BIEFIIKE
BBV T OB BEOHECERMOZEIRE S h
Do ZDIHL O EFTFY 12BN I3 KCEDS
h BWEETIFY6BIU M6 2EICIEDON
B, I FY 128 X713 12 KRAS DiEHALEA 0 JE 50
B LT 3% KRAS BIZT O HBRERIERAS
DEREBEHED GTPase EHZETL, MIBRAY 7 F N
EERMIIBWTERRIZL Y58, FRAOYZF
NAEERCERT AL ELOATWSY, LzdtoT
KRAS BInTERYH 2954, EGFR MG FL LT
LFHDOY T FIMEENRT Oy 7 80T, PUEEDEN
BonWITEREIRB IR TR 5,

ERR —RIEBEIZOWTIE, CRYSTAL RER'Y T,
KRAS BIZTH AR O BH LI 5T FOLFIRI+ce-
tuximab BAS FOLFIRI B2k LEshR, EMEAGEH
B (BLF PFS) rhifli, 24K (BT 0S) THEIC
BIFTH o7, OPUSHERY Tid, KRAS BIETEHAR

BARHEGA

|- Survival cell proliferation - |

1 EGFR ¥ 7 Mz&EfkE

DBEEEMIZB VT FOLFOX4+cetuximab 4% FOL-
FOX4 BZH LESR, PFSHRETEEICRATF CHo
PAS

ZDEI)BRHREZTT, DIPEOKBEBEYAF
TG4 HRBETSH, 010 FE 4 BIZAFIZBWTH
KRAS BIZTREFRBREIN E ol Thbb, H
EGFR fiAEHE WM ORENLEL Y, BROKERE
BRI ERLAVICEE L2 EZ bN 5,

. BRAF

KRAS BIZTFICERN %2 & b3 EGFR Stk s 2%
TLOAREIIWS T, KRAS EETUSMC D BRI

BETLIATFPHEETHIENEZELONG, TOERHLE

LT, RASZATAHY T FNVEEDTHREFOLZNT
MBLXTEIZ A2 b 5 BRAF 23— 12T 5N 5, BRAF
By ALForEF—ETHY, N-KEMWI
RAS B &AL, C-KImIZFF — BB ELET o
WL L7 KRAS BHEFEEES L, ¥+ —¥EHk
12X ) MAPK 8BO—BELTYZFHVETHRICEE
T 5, BRAFBIETERIIFRIE ENEGE XE
B, SPELE, BIVIREZ ETHESATYE?, KBS
128V} % BRAF BIETFOEREEIZ 10%BETY, 2
D 80% L EIZFF—¥HMD 1 7 I/ BEBR V60OE T
H5"Y, BEIZ BRAF BIZTERIIOVWTE, #AME
MEOHRETHH L DD, ZREFEDED cetuximab
% ¥ |3 panitumumab EFICH L TEDRZEZD RV E
WIBRESLENTVEDY, Fi2, —REETO ce-
tuximab BEICBWT, KRAS BEFHAEREEIIBIT
% BRAF BT ERERMIEREDHEFURT IR F
BARBRRAFICRZZEVWIHEELHSL,

Iv. PI3K

- KRAS #1238 X U BRAF RIZF USO8 A < —
H—E LT, BREOENTBILCEBREOLELZ LT
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TARTFFINAL Y b—3 Y B (BLF PIZK)
bEFMICHITFONS, PBK 220 LROZAARF 0
YUFF—E¥RRASIZLDEHESI B2, BHOM
BIELEREF AL VIS T 2 EETEREICE-TD
W L&, PIBK/Akt BEOEE/LEA L CHlaE%:
Il pRRE R4 o

PI3K Oft i 7 2= D pll0a & 72— KT 5
PIK3CA BIEFIE, L8, RERE, TEE, KERE
FEAE L L TEENADPVIER SR THE Y, Xk
595 Tt PIK3CA BIZTOZERIZ 15%BEDOHET,
FTOERIIEEBEREFELALDHE L, exon9
(E542K, E545K 72 &) 3B X OF20 (HI047R %2 &) 2 84T
THILTORULEXWRETELLEERTWEY, 72
72, PIK3CA BT OERIZOWTIE, i EGFR ¥tk
DBRFRRCHEEER D B L v HED L EEES
WO WIS HET A HEYDH Y, BREEE OBEIZS
DETATIEETH D, T/, exon 20 DEBRDOADE
FHRFURTELIBIEIRELH BT,

%72, PBK OFfiY 722y b D p8a®a—FT5
PIK3R] BIEFIZE L THRBETR 8% DHEE TER
BHof-t|ESIhTWBE?, PIK3CA BIZTF & R,
BERELOBERSOL ZATHRETH 5,

V. PTEN

PTEN & PI3K/Akt Bl % HET 2 FAHHBIET
THY, PBK 2Ry vBtT 5, PTENBIZTOER
BREA RETHE SR TWA™, $7:, PTEN OFHH
%1% 20~30% RO KBRICED ST w5, BRI
CBWTIE, ERETIE PTEN ORBOAEHET cetuxi-
mab #5OBERZRIEIZEDLLLVWIOD, BERETE
PTEN #HEZ CHERBEIRGFTH o 2L OFHEDN
%é 25.26)0

I oS Em o PTEN ERBLEHE L,
BAMEMEDORERTIEH 5%, KRAS - BRAF #i5F
L ICHAERMOBHEIZBIT S cetuximab G T, HES
EFHRFIZ25R0wh0o0, RELRFETFHETT
ol tBWEIRTWET,

VI. Amphiregulin, epiregulin

amphiregulin (ML F AREG) % epiregulin (L7 EREG)
IZEGFR DU A ¥ FTHY, EGF, TGFa & h LA
FEAZ EARHOAT WS, 22751, #iT - BRABHE
BB FHRTMET S 5\ 135 EGFR HilkE 0 a5
HRTFUETCH2TEESNRESNTEY, HALD
BECHLNEREEELLTVLEEL LN,
KRASBEFERD LS KHEPENMHHTE LW
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BETENTABEZRT I LEHL A, KRASY
AERIZBWT AREG % EREG B RH L TV 554,
cetuximab+irinotecan $HHBE 21T Z & TRIF R
BRESEOND LHESNLD, KRASERETIE,
AREG % EREG ORI & HEREICHBEEED 2 dh o
A

WI. #i EGFR #ith& ADCC i&EHE

ADCC b, BHBICEE LRl F2I 1%
7 —#ifa% T #ME, PR <ruyr—Yiltox
7275 —HlaLD Fe ZRELEETHI LT, Hifk
EAENICHE SN BB EREEREETH 5, T
CD20 #itfk (rituximab), $L HER2 Hifk (trastuzumab)
RIILOET 5 g6} 77 T ADHEERBICERY
ZREE L TEBENRTEY, Fer RBFOBEFER
WEDHRERBICENELAZEFHREERTY
279, 1gG ik TH % cetuximab IBWTH, EGFR
A Y 7 F VERB OB ENMIZ ADCC DFEH
FHELTWARIEFASRTE YN, FerRIa &
FcyRlla D#IEFEE (Feylla-H/R™, FcyRMla-V/
F®) LB RTHL 8N TW5, TOLY, For B4
KOBEFEMIT IgGH 77 5 ATH S cetuximab D
BEARTHO-DOGFF<—h— LTHfFShTw
2. . ,

FeyRIla, MaBEFIZOWTE, Bk S OHRED
124 D cetuximab 23 LT & h BWHERESHF X
NTWBEETFEIE 131H, 158V TH Y, Zhif ritux-
imab, trastuzumab TRENZEME—HL TV,
HapMap 78V x 7 MIX A EHARAZBY L H/H®
BETFHEH 0% 2 5052 3hTEY, COFEIRK
KANCHLBEHETH 5, I V/V OREFEEY
2%ThY, ZOFEIRRKACELLRPEHETDH S,
FcyRIa, MaBIZFERETERSE, cetuximab ®
BERENIF SN2 BET4EL S oHERE, BEA
WBWTECRA LD %, ADCC EHHEARRIR
WEETHERET A R0, BCRARKLERARR
FRRERRI IR T2 LEZ 5N 5,

WI. $iEGFR MiFARRSICH I DREER

W EGFRHEBAEIBVWTEBREEREIEEOT
HHTHY, grade2 D LOBEHEEIZZOHBREIC
BET A EMESh TS, 72751, HiEGFR Hifk%
W HEEZRBTORS grade EHEERBZEBE LT
WHBRENKBGTH Y, BEIRIHCRUBERSE
BELBRBBEDN, LVEED grade KFE SR T
o TOLTEESED L, Z070, REEEIHED
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RFRUETICR VED LBBCRERHT oL wEE
Abhb, BMREE L HRROBEEY FizioRT -
DI, BREAREEICHEEE L REEED
grade DI BNGHBEI LB LEZ bRb,

BbYic

BiE, BEOBEAULERIFICBNT, EHORREE
FUTAINA T =N —RETHILEARDIEELR
ED—oThH 5, i EGFR kB DHHFREIL, KRAS
BETEROBEICIYRESRLDZ ZEFALPICER
Y, KB OEYHEE D TEIERISEA SR,
41%, KRAS BAFRERC BRAF EZT* PIK3CA &
FEFLR LW TEN, v —h— 2 B 2RET
i, KEHEOBEMNLERE S ICHESEEH0
L AN, A T —h— RO BATFERE
BRI L BIBBEATO 72034 RIERABIC L AR
HERLETH AL, BEDRTRARICEZLAER
PERTAIET, BEOFr TICHBARESZ D25 L,
EHUERENRICHDERTELZDDEEZONS,
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Abstract. After DNA damage, p53 is accumulated in the
nucleus and transactivates downstream genes and induces
apoptosis. There are two pathways in p53-dependent apoptosis,
the transactivation-dependent and -independent pathway. In this
study, we constructed p53-inducible glioblastoma cell lines and
analyzed them for the induction of apoptosis and transactiva-
tion of p53-downstream genes after the nuclear or cytoplasmic
expression of p53. To sequester p53 in the cytoplasm, we used
p53 mutant with arginine to glycine substitution at residue 306
(R306G). Wild-type p53 retained the ability to arrest the cell
cycle, and a p53 mutant with serine to phenylalanine substitu-
tion at residue 121 (S121F), which has a strong ability to induce
apoptosis, retained this ability even when both the wild-type
and p53 and S121F mutant were exclusively sequestered from
the nucleus into the cytoplasm. Notably, cytoplasmically
sequestered wild-type p53 and S121F mutant transactivated
the downstream genes with distinct expression profiles, and the
strong apoptotic ability of S121F was not associated with its
transactivation activity. These results underscore the existence
of transactivation-independent apoptosis and cytoplasmic
function of p53.

Introduction

TP53 tumor suppressor gene is one of the most commonly
mutated genes in human neoplasia, and approximately 80%
of these mutations are missense mutations (1,2). The gene
product, p53 protein, is a nuclear transcriptional activator that
is activated by post-translational modification, including phos-
phorylation and acetylation, in response to DNA-damaging
stresses. Activated p53 is stabilized, accumulates in the nucleus
and binds to p53-responsive elements (p5S3REs) in the promoter

Correspondence to: Dr Chikashi Ishioka, Department of Clinical
Oncology, Institute of Development, Aging and Cancer, Tohoku
University, Sendai, Miyagi 980-8575, Japan

E-mail: chikashi@idac.tohoku.ac.jp

Key words: p53, tumor suppressor, apoptosis, subcellular localization

region of p53-downstream genes (3). Transactivation of these
genes, including p2/ WAFI, MDM?2, p53AIPI, BAX, NOXA and
PUMA, results in cell cycle arrest and apoptosis.

Most p53 mutants with a single amino acid substitution
found in human neoplasm lose the ability to bind to pS3REs,
and this functional defect is thought to be one of the most
important oncogenic events caused by TP53 mutation (4).
Therefore, the translocation of p53 into the nucleus is crucial for
normal p53 function. Cytoplasmic sequestration of wild-type
p53 was observed in undifferentiated neuroblastoma, breast
cancer, retinoblastoma, colorectal carcinoma and glioblastoma
cells (5-7). In all these cells, wild-type p53 is inactivated since
it is retained in the cytoplasm. Although the precise mechanism
underlying the cytoplasmic sequestration remains unclear,
several molecular mechanisms have been proposed: i) a muta-
tion in the bipartite sequence of pS3 (residues 305 and 306)
(8) or a truncated mutation of the nuclear localization motif
receptor protein importin-a (9); ii) hyperactive nuclear export
by an MDM2-dependent pathway (10); and iii) overexpression
of cytoplasmic tethering proteins, such as mortalin (11), cullin 7
(12) and PARC (13). The mutations in the bipartite sequence
have been analyzed comprehensively, and these mutants were
shown to lose transactivation activity in a yeast functional
assay (14).

In contrast to tumor-derived loss-of-function p53 mutants,
other types of p53 mutants (super p53s) have a stronger ability
to induce apoptosis than wild-type p53. Among these, a p53
mutant with a serine to phenylalanine substitution at residue 121
(S121F) has a distinct affinity to bind p5S3REs from wild-type
p53 (15). S121F induces a more potent apoptosis than wild-type
p53 in mammalian cell lines. The transcriptional activity of
S121F for downstream genes, however, is less efficient than that
of wild-type pS3 (16). In addition, different expression profiles
among super p53s have been reported (17). These results
suggest that transactivation-independent cytoplasmic activity
occurs in p5S3-dependent apoptosis and that S121F may be a
diverged mutant with enhanced cytoplasmic activity.

To test this hypothesis, we expressed wild-type and S121F
p53 in the nucleus or cytoplasm of p5S3-null SF126 glioblastoma
cells using a p53 mutant with an arginine to glycine substitu-
tion at residue 306 (R306G), and analyzed them for induction
of apoptosis and transactivation of p53-downstream genes
following the p53 induction.
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Materials and methods

Construction of stable SF126 glioblastoma cell lines. The plas-
mids pCR259-WTp53, pCR259-S121F and pCR259-R306G
were previously constructed (14). pCR259-S121F-R306G was
constructed by inserting a small fragment of pCR259-R306G
into the Bsu36l/Eagl site of pCR259-S121F. The small Nhel/
Eagl fragments of the four pCR259-based plasmids were
inserted into the Nhel/Nozl site of pcDNAS/TON (Invitrogen,
Carlsbad, CA, USA). The resulting plasmids were designated
pcDNAS/TON-WTp53, pcDNAS/TON-S121F, pcDNAS/
TON-R306G and pcDNAS/TON-S121F-R306G, respectively.
The stable SF126 cell lines expressing tetracycline-inducible
p33 were constructed according to the protocol described in
the T-Rex™ System (Invitrogen) using the four pcDNAS/
TON-based plasmids. For each category, several stable clones
were selected by hygromycin B (100 pg/ml) and two indepen-
dent stable clones were used.

Western blot analysis. The cell lines were harvested and the
cells were resuspended in lysis buffer containing 50 mM
Tris-HCI, pH 8.0, 150 mM NaCl,5 mM EDTA and 1% protease
inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA). Cell
lysates were centrifuged for 10 min at 4°C. The superna-
tants were resolved by SDS-PAGE and transferred to PVDF
membranes. The membranes were incubated with anti-p53
(FL-393; Santa Cruz Biotechnology, Santa Cruz, CA, USA)
and mouse anti-actin (Sigma-Aldrich), followed by incubation
with goat anti-rabbit Alexa Fluor 680 IgG (Invitrogen) and
goat anti-mouse IR Dye 800 CW IgG (Rockland, Gilbertsville,
PA, USA). Expression of both p53 and pB-actin was visualized
using an Odyssey Infrated Imaging System (LI-COR, Lincoln,
NE, USA).

Immunofluorescent analysis. Each cell line was cultured
on poly-D lysine-coated Lab-Tek Chamber Slides™ (Nalge
Nunc, Rochester, NY, USA) until 70% confluence was
achieved. At 24 h after the addition of 10 ng/ml doxycycline
or phosphate-buffered solution (PBS), the cells were fixed with
acetone-methanol (1:1) and incubated for 20 min at -20°C.
After washing with PBS and blocking with 5% non-fat milk in
PBS containing 0.05% Tween-20 for 1 h, cells were incubated
with FITC-conjugated mouse anti-p53 (DO-1 FITC; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) diluted at 1:500,
stained with propidium iodide and then visualized on an LSM5
PASCAL (Carl Zeiss, Jena, Germany).

Cell proliferation assay. Cells (4x10%) were seeded and
incubated in a 96-well plate for 24 h. Doxycycline (10 ng/ml)
or PBS was added to the medium and the cells were then
cultured until 72 h at 37°C. At 0, 24,48 and 72 h after the addi-
tion of doxycycline, 10 pl of the Cell Counting Kit-8 (Dojin
Laboratories, Kumamoto, Japan) was added to each well and
the cells were incubated for 2 h at 37°C. Absorbance at 490 nm
was read with a microplate reader. Each data point is derived
from triplicate experiments. The absorbance values at 24, 48
and 72 h were normalized by the value at 0 h.

Cell cycle analysis by fluorescence-activated cell sorting.
Cells (1x10%) were seeded and incubated in a 10-cm culture
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plate for 24 h, and then incubated in the presence of doxy-
cycline (10 ng/ml). After 24 h, the cells were collected and
stained with propidium iodide (50 pg/ml). The stained cells
were filtered through 50-um nylon mesh and analyzed using
a Cytomics FC500 (Beckman Coulter, Miami, FL, USA).
The subfraction of cells in each phase of the cell cycle was
calculated using Multicycle software (Phoenix Flow Systems,
San Diego, CA, USA). The average subfraction value of two
independent cell lines was calculated.

Quantitative real-time PCR analysis. Total RNA was extracted
from cells in the presence or absence of doxycycline using an
RNeasy Mini kit (Qiagen, Gaithersburg, MD,USA). RNA (1 ug)
was converted to cDNA using a High-Capacity cDNA Reverse
Transcription kit (Applied Biosystems, Foster City, CA, USA)
with random hexamers. TagMan Gene Expression Assay was
performed on the ABI 7500 real-time PCR System (Applied
Biosystems) according to the manufacturer's protocol. Assay
ID was as follows; GAPDH, Hs99999905_m1; ACTB (§-actin),
Hs99999903_m1; MDM2, Hs01066938_m1; p21 (CDKNIA),
Hs00355782_m1; BAX, Hs00180269_m1; NOXA (PMAIPI),
Hs00560402_m1; PUMA (BBC3), Hs00248075_m1; and
P53AIPI1, Hs00223141_m1. The expression level of each p53
target gene was collected by either §-actin or GAPDH (data
not shown). A relatively induced expression was measured as
a ratio of the collected value of doxycycline presence against
that of doxycycline absence. Two independent clones were
analyzed, and the data were shown as a mean of four replicates
with an error bar of standard deviation.

Results

Cytoplasmic sequestration of pS3 by R306G mutation. To
examine the cytoplasmic activity of wild-type p53 and the
S121F mutant, we constructed a series of stable SF126 glioblas-
toma cell lines. These cells expressed wild-type p53, SI121F,
R306G or S121F-R306G double mutants in the presence of
doxycycline (Fig. 1). To examine the cellular localization of
doxycycline-induced p53, an immunofluorescent analysis was
performed (Figs. 1 and 2). Both wild-type p33 and S121F
localized mostly to the nucleus. In the presence of the R306G
mutation in the same p53 molecule, wild-type p53 and S121F
were exclusively sequestered from the nucleus to the cytoplasm.
To quantify the degree of sequestration of p53, 100 cells of
each cell clone were scored as having nuclear, cytoplasmic or
both nuclear and cytoplasmic patterns (Fig. 2). Both wild-type
and S121F thoroughly localized in the nucleus (>95% of cells),
and no cell showed a cytoplasmic pattern. By contrast, both
wild-type and S121F with R306G localized in the cytoplasm
(>95%) or exhibited cytoplasmic and nuclear patterns. None of
the cells expressing p53 exhibited any nuclear pattern. These
results indicate that R306G sequestered p53 from the nucleus
to the cytoplasm. This result is reasonable since R306G is a
mutation in the bipartite sequence of p53 (residues 305 and 306)
as described above.

Inhibition of cell proliferation by cytoplasmically localized
wild-type p53 and S121F. To examine the effect of cytoplasmi-
cally localized wild-type p53 and the S121F mutant on cell
proliferation, we cultured two independent cell lines for each
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Figure 1. Inducibie expression and subcellular localization of p53. Two independent clones in each category were analyzed by immunofiuorescent analysis.
(A) Propidum iodide; (B) p53; (C) merge of (A) and (B). (D) Western blotting of doxycycline-dependent p53 expression; B-actin was the internal control. WT,

wild-type.
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Figure 2. Quantitative analysis of the subcelluiar localization of wild-
type p53 and S121F. (A) Subcellular localization of p53 was visualized as
described in Fig. 1, and was classified as nuclear, cytoplasmic or both nuclear
and cytoplasmic. (B) One hundred cells were analyzed and the percentage of
each category is shown. WT, wild-type

category (wild-type, S121F, R306G, S121F-R306G and null
.p53) and estimated the viable cells at 24, 48 and 72 h after p53
induction by doxycycline (data not shown). The results at 48 h
are shown in Fig. 3A. Although the cytoplasmic sequestration

of wild-type p53 considerably disturbed the inhibitory effect
against cell proliferation by wild-type p53, some inhibitory
effects remained. The cytoplasmic sequestration of S121F did
not disrupt the strong inhibitory effect on cell proliferation.
These results indicate a cytoplasmic function of p53 on cell
proliferation in both wild-type p53 and S121F.

Induction of apoptosis by cytoplasmically localized wild-type
p33 and S121F.To evaluate the ability of wild-type p53 and the
S121F mutant to induce apoptosis, each cell line was cultured
and analyzed for a percentage of cell-cycle phase by fluores-
cence-activated cell sorting 24 h following the p53 induction by
doxycycline (Fig. 3B and C). As shown in Fig. 3B, compared
to the null p53 control, wild-type p53 clearly arrested cells
at the G1 (49.9-59.4%) and G2 + M (12.3-32.1%) phases of
the cell cycle and subsequently reduced the S-phase fraction
(33.1-2.3%). The sub-G1 fraction (apoptosis fraction) was
only slightly increased (4.7-6.2%) at 24 h, whereas at 48 h a
substantial increase was observed (1.7-16.1%; data not shown).
The cytoplasmic sequestration of p53 did not affect the cell
cycle (G1, 60.5%; G2 + M, 31.6%), but slightly affected both
the S phase (5.9%) and the sub-G1 phase (2%). S121F mark-
edly increased the sub-G1 fraction (44.5%) without an increase
in the G1 (33.1%) and G2 + M (8.3%) fractions, indicating
strong apoptotic induction without cell cycle arrest. The cyto-
plasmic sequestration of S121F affected the sub-G1 (26.7%),
Gl (412%) and G2 + M (19.6%) fractions only partially,
indicating that a strong induction of apoptosis of S121F was
retained despite the cytoplasmic sequestration. These results
were consistent with the results of the cell proliferation analysis
and again indicated a cytoplasmic function of p53 on both cell
cycle arrest and apoptosis.
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Figure 3. Inhibition of cell proliferation and induction of apoptosis by wild-
type p53 and S121F. (A) Cell proliferation assays were performed at 24, 48
and 72 h after the addition of doxycycline. The average of triplicate data at
48 h is shown. (B) Cell cycle analysis by fluorescence-activated cell sorting.
The average subfraction value of two independent cell lines at 24 h after the
addition of doxycycline is shown. (C) Representative DNA histogram and
subfractions at 24 h.

Transactivation of p53 target genes by cytoplasmically
localized wild-type p53 and SI2IF. To examine the effect of
cytoplasmic sequestration on transcriptional activation by
wild-type p53 and S121F, transcripts of the p53-downstream
genes, MDM?2, p2IWAFI, BAX, NOXA, PUMA and p53AIP],
were quantitated by real-time quantitative PCR analysis at
24 h after p53 induction (Fig. 4). Of the six genes, all except
PS3AIPI were less efficiently transactivated by S121F than by
wild-type p33. The results showing a lower ability of S121F
than wild-type p53 on transactivation were mostly consistent
with our previous findings, with the exception of the result of
pS3AIPI (17), which is consistent with the previous hypothesis
that S121F may cause a transactivation-independent apoptotic
pathway. Notably, the cytoplasmic sequestration of wild-
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Figure 4. Transactivation of six p53 target genes by quantitative real-time
PCR analysis. The expression level of each p53 target gene was collected
by B-actin. Relative induced expression is shown as a ratio of the collected
value of doxycycline presence against that of doxycycline absence. Two
independent clones were analyzed, and the data are shown as a mean of four
replicates with an error bar of standard deviation.

type pS3 did not completely inactivate transactivation, but it
reduced the level of transactivation in 5 of the 6 target genes
(wiht the exception of p2I WAFI). Of note, the cytoplasmic
sequestration of S121F did not change the expression profile
of the target genes. The ability of cytoplasmically sequestered
S121F on transactivation was also confirmed when the expres-
sion level of each p53 target gene was collected by GAPDH
(data not shown).

Discussion
The cytoplasmic sequestration of p53 did not completely

inactivate p53 function, suggesting the cytoplasmic function
of p53. This finding may be the reason that mutations on the
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