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standard TC regimen into three (paclitaxel at 180 mg/m”,
CBDCA at AUC = 6). We used premedication with 16 mg
of dexamethazone (if patients did not exhibit an allergic
reaction, we decreased to 8 mg after the second cycle), 3 mg
of granisetron, 50 mg of ranitidine administered intra-
venously over 60 min, and 50 mg of diphenhydramine per
os prior to administration of paclitaxel. G-CSF support was
only indicated when patients exhibited an episode of
National Cancer Institute Common Toxicity Criteria (NCI-
CTC) grade 4 neutropenia or grade 3 neutropenia with
neutropenic fever. None of the patients received prophy-
lactic G-CSF supplement. We obtained the full informed
consent of participants in the present study including for
blood sampling for pharmacokinetic assay. We also obtained
permission from the Internal Review Board for this study.

Eligibility criteria and criteria for opening next course

All patients were required to have an over 2-cm diameter
of measurable disease by computed tomography (CT) and/
or over 75 U/ml of CA-125 elevation (determined on two or
more evaluations). and we also referred to magnetic
resonance imaging when a patient was judged as having a
complete response (CR). Patients also required an Eastern
Cooperative Oncology Group (ECOG) performance status
of between 0 and 2, and a platinum-free interval of over 6
months. Additional eligibility requirements included a gra-
nulocyte count > 2000/mm’, hemoglobin level > 10.0 g/dl,
thrombocyte count > 100.000/mm>, serum bilirubin level
less than 1.5 mg/dl, serum glutamic oxaloacetic trans-
amirase (GOT) and glutamic pyruvic transamirase (GPT)
less than 2 x the normal limit, and a serum creatinine
concentration < 1.5 mg/dl. Patients with fever over 38°C,
cardiac problems requiring clinical treatment, nonepithelial
tumor, borderline malignancy, pregnancy, active double
cancer, and/or brain metastases were excluded. Moreover, if
patient carried over neurotoxicity due to prior chemo-
therapy, the patient was excluded from this study. We
established the following criteria for continuing the next
course: granulocyte count > 1500/mm”, hemoglobin level >
9.0 g/dl, thrombocyte count > 100,000/mimy’, neurotoxicity >
grade 2, fever <38 C, and neither progressive disease nor
deterioration of complication recognized. If the patients did
not satisfy the above criteria for more than 2 weeks or
showed progressive disease, they were excluded from further
study. Furthermore, if a patient demonstrated partial
response (PR), WTC was applied maximum of 18 courses,
and no consolidation therapy was applied when patients
achieved CR.

Pharmacokinetics

To determine whether paclitaxel satisfies the theoretical
antitumor efficacy even when using a low-dose weekly
regimen, and to determine whether CBDCA calculated by
Calvert’s formula satisfies approximate AUC, we performed

a pharmacokinetic study to determine the mean AUC and
mean peak plasma concentration (C,.,,) of CBDCA and
paclitaxel and the mean serum concentration 24 h after
administration of paclitaxel in the first treatment course for
all eligible patients. Blood samples were taken prior to
starting paclitaxel, at the end of administration, and after 30
min, 60 min (start of CBDCA administration), 90 min (30
min after CBDCA administration), 120 min (60 min after
CBDCA administration), 3 h (2 h after CBDCA admin-
istration), 5 h, 9 h (8 h after CBDCA administration), and 25
h (24 h after CBDCA administration). Ten milliliters of
whole-blood samples (5 mi for pachtaxel, 5 ml for CBDCA)
were collected in EDTA tubes and immediately centrifuged
for 10 min at 3000 rpm, and the plasma was removed. For
the study of CBDCA pharmacokinetics, blood samples were
centrifuged 15 min at 3000 rpm, using Centrifree (Millipore,
Bilerica, MA) to remove the protein. Both samples were
stored at —20°C and assayed within 2 weeks by HPLC
according to techniques previously described [12].

Patients’ evaluation

Responses of patients with measurable disease were
determined based on World Health Organization (WHO)
guidelines [13]. The CA-125 response criteria by Rustin et
al. [14,15] were only applied for patients who did not have
measurable disease. The mean CA-125 value of patients
without measurable disease was 215.4 + 45.8 IU/mi (range,
159-289). Toxicity was assessed by NCI-CTC criteria. CT
and tumor markers including CA-125 were evaluated every
4 weeks.

Study design

This study was conducted as noncomparative phase Il
study to evaluate efficacy and toxicity. Moreover, pharma-
cokinetic study of the paclitaxel and the CBDCA were also
applied. Since the response rate for single-agent paclitaxel
was 20% [16] to 33% [17] at recurrent disease, this study
was designed to be the null hypothesis that the true response
probability is less than the clinically significant level of 40%
for combination chemotherapy. If it is rejected, we will
accept the specified alternative hypothesis that the true
response probability is at least a target level of 70% [18,19].
The sample size was calculated as 24 patients, with two-
sided, « = 0.05, power (1 — ) =0.9.

Results
Responses

A total of 25 eligible patients were enrolled in the study,
and treated with 451 cycles of WTC regimen. Patient

characteristics are shown in Table I, and the mean follow-up
period of patients was 21.9 + 9.1 months (range; 6-37
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Table 1
Characteristics of patients
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Table 3
Toxicity profile

No. of patients
Mean age (range)
Histologic subtype
Serous
Endometrioid
Mucinous
Clear cell
Mean platinum-free interval (range)
Mean treatment courses {range)

25
58.2 + 6.8 years (33-71)

16

5

2

2

11.4 = 2.7 months (6--18)
18.0 £+ 2.8 (9-27)

Prior chemotherapy

TC 14

CAP 2

Ccp 9
No. assessable for efficacy

by measurable disease 18

by CA 125 7
No. assessable for toxicity 25

TC, paclitaxel + carboplatin; CAP, cyclophosphamide + adriamycin +
cisplatin; CP, cyclophosphamide + cisplatin.

months). OR determined by WHO criteria for 18 patients
with measurable tumor was 84.2% (CR; 9, PR; 7), and OR
determined by CA-125 for seven patients was 85.7% (CR:
3, PR; 3). Total OR was 88.0% (CR; 12, PR; 10, Table 2),
and progression-free survival was 13.5 months, respectively
(Fig. 1).

Toxicity

All patients were assessable for documentation of
toxicity. NCI-CTC grade 3/4 for leukopenia and neutropenia
was observed in 20% and 36%, respectively, but all patients
recovered well, and there were no episodes of neutropenic
fever observed. Only one patient exhibited grade 2 anemia,
and all patients demonstrated thrombocytopenia of grade 0.
- Moreover, there were no patients exhibiting grade 3/4
nonhematologic toxicity. Specifically, 56% of the patients
did not develop neuropathy. Although all patients developed
alopecia, 72% of the patients remained within grade 1
(Table 3). Treatment delay for toxicity of over 7 days was
observed in 16.0% of the patients during 1.3% of the
treatment cycles. However, there were no patients requiring
a treatment delay of over 14 days. G-CSF support was

Table 2

Clinical responses

Cases No. of cases  Response

CR PR OR (93% CI)

Patients with assessable 18 9 7 84.2%
disease (determined (0.65-0.98)
by WHO criteria) .

Patients without assessable 7 3 3 85.7%
disease (determined by (0.42-0.99)
CA-125)

Total 25 12 10 88.0%

{0.68-0.97)

Adverse events Grade (no. of cases) Grade 3/4

0o 1 2 3 4

Leukopenia 4 4 12 5 0 20%
Neutropenia 3 2 1 7 1 32%
Anemia 10 14 I 0 0 0%
Thrombocytopenia 25 0 4} 0 0 0%
Nausea/vomiting 10 1 4 0 0 0%
Neurotoxicity 14 11 0 0 0 0%
Alopecia 0 18 7 28% (G2)
Renal disorder 24 1 0 0 0 0%
Hepatic disorder 12 10 3 0 0 0%

Toxicity was determined by National Cancer Institute Common Toxicity
Criteria.

indicated for 12.0% of the patients during 3.3% of the
treatment cycles. However, there were no cases requiring
blood transfusion, and none of the patients rejected WTC
during the treatment course due to subjective symptoms of
toxicity (Table 4).

Pharmacokinetics

The pharmacokinetic study demonstrated that the mean
AUC of paclitaxel in the present WTC regimen was 2.74 +
0.54 uM h, the mean plasma concentration (C,,.) was
1.36 £ 0.16 umol/l, and the mean plasma concentration
24 h after administration was 0.023 £ 0.007 umol/l, while
the CBDCA AUC and mean C,,, were 1.92 + 0.27 uM h
and 6.50 + 1.04 umol/l, respectively.

Discussion

In treatment for recurrent ovarian cancer, efficacy for
survival as well as acceptability of the regimen among
patients should be considered because most recurrent
diseases are not considered curable. Therefore, it is
important to be concerned with treatment benefit as
determined by a comparison between direct effects and
adverse effects. Although WTC is a safe and useful
regimen, the optimal approximate dose of paclitaxel and

Table 4
Frequency of unscheduled events

Events No. of cycles (%) No. of patients (%)
Total number 451 25
Treatment delay
for toxicity

over 7 days 6 (1.3%) 4 (16.0%)

over 14 days 0 (0.0%) 0 (0.0%)
G-CSF support 15 (3.3%) 3(12.0%)
Blood transfusion 0 {0.0%) 0 {0.0%)
Rejection of continued 0 (0.0%) 0 (0.0%)

treatment

CR, complete response; PR, partial response; OR, overall response rate.

G-CSF, granulocyte colony-stimulating factor.
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advantages of weekly partition of CBDCA administration
remain unknown. Concerning the administration dose for
weekly single-agent paclitaxel treatment, Fennelly et al. [20]
conducted a phase [ study for relapsed ovarian cancer, and
defined the maximum-tolerated dose of weekly paclitaxel as
80 mg/m>. Moreover, Rosenberg et al. [21] compared
single-agent paclitaxel given weekly to the every-three-
weeks schedule in patients with previously platinum-treated
relapsed ovarian cancer, and reported that weekly paclitaxel
at a dose of 67 mg/m* showed a better safety profile and
seemed to be as effective as an equivalently dosed schedule
every 3 weeks. Using a weekly combination treatment with
CBDCA, Sehouli et al. [22] conducted a phase I study of
first-line chemotherapy for advanced ovarian cancer. and
concluded that the recommended dose for a phase 11 study
was paclitaxel at 100 mg/m® and CBDCA at AUC = 2.
However, clinical studies of WTC for patients with relapsed
ovarian cancer have indicated a lower dose of paclitaxel of
80 mg/m” [6] or 60 mg/m” [7]. with consideration to patient
acceptability. Generally, WTC was indicated on days 1, 8,
and 15 of each 28-day cycle, and the per-week dose
intensity of paclitaxel was calculated as 60 mg/m/week
when using an 80 mg/m” weekly administration, and 45 mg/
m’/week when using 60 mg/m”. These per-week intensities
of paclitaxel were similar to those in a previous phase IlI
trials of conventional TC therapy (80 mg/m” in weekly
regimen is similar to 175 mg/m? every 3 weeks in the OV-
10 [23] and ICON3 [24] studies. Furthermore, the 60 mg/m”
weekly regimen is similar to 135 mg/m” every 3 weeks, as
in the GOG158 [25] and GOGI11 [26] studies. However,
clinical role of fractionated CBDCA dosing of weekly
regimen in recurrent ovarian cancer is still unknown.
Moreover, while the ICON4 has revealed that the combi-
nation of paclitaxel and CBDCA might offer some
advantage over single-agent CBDCA, the advantage of
combination therapy over single-agent CBDCA adminis-
tration followed by single-agent weekly paclitaxel treatment
has not been determined. From this point of view, recent
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clinical trial for lung cancer by Belani et al. [11] was
attractive. They reported that combined administration of
CBDCA (AUC =6, Day 1) with the weekly paclitaxel (100
mg/m~) administration schedule was favorable to the weekly
CBDCA (AUC = 2, weekly) and paclitaxel (100 mg/m?)
regimen in overall response rate, mean survival time, and 1-
year survival, in a phase Il study. Moreover, Rose et al.
[Proc Am Soc Clin Oncol 2003, Abstr. 1932] also recently
studied the effects of weekly paclitaxel (80 mg/m”) and
every-3-weeks CBDCA (AUC = 3) in platinum-sensitive
recurrent ovarian and peritoneal carcinoma, and reported the
results as 76% OR, 60% CR rate. Although prior studies,
including our present study, of WTC for recurrent ovarian
cancer with weekly fractionated CBDCA dosing had started
before those reporting on the nonfractionated CBDCA
regimen, all of the studies have achieved sufficient results
in OR and PFS, as 71.5% OR, 43.0% CR rate [7], a 88%
OR, 48% CR rate, and 13.5 months of PFS (present data)
when using 60 mg/m” of paclitaxel, and 100% OR, 71.0%
CR rate, and a 13.7-month median interval until progression
[6] and 82.% OR, 53% CR rate, and 11.5 months of PFS
when using 80 mg/m” of paclitaxel [Dunton CJ et al., Proc
Am Soc Clin Oncol 2003, Abstr. 1876]. Even in recent
report, Van der Burg et al. [Proc Am Soc Clin Oncol 2004,
Abstr. 5058] conducted phase I study of WTC with higher
dose of fractionated CBDCA (AUC = 4) regimen for
patients with recurrent ovarian cancer, and concluded that
the WTC with fractionated CBDCA regimen is highly
active in both TC sensitive and TC refractory patients.
Therefore, although the rationale of weekly fractionated
CBDCA administration has not been established, it was
thought that the clinical role of the low-dose WTC with
fractionated CBDCA regimen, especially for patients with
platinum-sensitive recurrent ovarian cancer, still would not
be denied as an optional therapy at this point in time. In the
recurrent epithelial ovarian cancer, dose reduction chemo-
therapy would be considered because recurrent epithelial
ovarian cancer is regarded as being chemosensitive com-

Table 5
WTC therapy for relapsed ovarian cancer
Regimen (no. of patients) Effects Toxicity

OR (%) CR (%9) PFS Gr (G3<) PI((G3<) Nr (G2<) AL(G2<)
T2 80 mg'm? C; AUC = 2 (29)° 100 71.0 137 M 31.0% 31.0% 0.0% 34.5%
T: 80 mgm? C: AUC = 2 (20)* 82.0 529 1.2 M 20.0% ND 10.0%% ND
T: 60 mg/m® € AUC = 2 (14) 7.5 43.0 ND 7.1% 0.0% 7.1% 57.1%
T 60 mg/m”® C: AUC = 2 (25)° 84.2 50.0 135 M 32.0% 0.0% 0.0% 28.0%
T 80 mgm® C: AUC = 5. day 1 (25)° 76.0 60.0 ND 64.0% 4.0% ND ND
T: 90 mg/m”® C: AUC = 4 (500" 80.0 24.0 oM 31.0% 9.0% 0.0% ND

WTC, weekly paclitaxelicarboplatin: OR. overall response rate: CR. complete response rate; PFS. progression-free survival: ND. not desenbed: Gr.
granulocytopenia; Pl thrombocytopenia: Nr. neurotoxicity: Al alopecia; AUC, arca under the concentration”curve. Toxicity was determined by the National

Cancer Institute Common Toxicity Criteria; G. grade of toxicity.

* Dunton CJ et al,, Proc Am Soc Clin Oncol 2003, Abstr. 1876.

» Qur present results.

¢ Rose ct al., Proc Am Soc Clin Oncol 2003, Abstr. 1932,

4 Van der Burg et al.. Proc Am Soc Clin Oncol 2004, Abstr. 5058.
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pared to lung, stomach, and colorectal cancers. Furthermore,
even regarding the weekly paclitaxel dosing in the WTC
regimen, Havrilesky et al. {6] reported that 41.4% of the
patients required a reduction of the paclitaxel dose to 60 mg/
m” from 80 mg/m* due to neutropenia. Furthermore, Rose et
al. [Proc Am Soc Clin Oncol 2003, Abstr. 1932] also
recommended paclitaxel at a dose of 60 mg/m” in their
nonfractionated CBDCA regimen, because 85% of the
patients required a paclitaxel dose reduction to 60 mg/m”
due to treatment toxicities. These results suggest that
although the administration schedule of CBDCA was
different, 41.4--85% of the patients needed dose reduction
to 60 mg/m> when 80 mg/m” of paclitaxel weekly was
indicated. The most resolvable problems of paclitaxel and
CBDCA therapy were neurotoxicity and severe alopecia,
because most patients rejected the treatment due to those
symptoms when we indicated the every-3-weeks regimen
(paclitaxel at 175 mg/m”, CBDCA at AUC = 5). However,
in the present study, there were no patients rejecting the
WTC regimen. because although 44% of the patients
developed neurotoxicity, these symptoms remained grade
1; in addition, 56% of the patients did not develop any
neurotoxic symptoms. Although all of the patients devel-
oped alopecia, 72% remained grade 1. Moreover, G-CSF
support was needed in only 1.3% of the treatment cycles and
12% of the patients, treatment delay of over 7 days was
observed only in 3.3% of the treatment cycles and 16% of
the patients, and none of the patients required a treatment
delay of over 14 days due to toxicity.

A previous in vitro study demonstrated that paclitaxel
can promote microtubular assembly and anti-angiogenetic
activity even in low doses [27.28], and the approximate
serum concentration of paclitaxel that achieved effective
growth inhibition of cancer cells while avoiding severe
adverse effects was between 0.01 and 0.05 pmol/l. Our
pharmacokinetic study indicated that weekly I-h adminis-
tration of 60 mg/m” paclitaxel achieved the in vitro growth-
inhibiting dose even 24 h after administration. Concerning
those results, the direct effects between 60 and 80 mg/m” of
paclitaxel administration in WTC were apparently different,
but the contribution of those administered doses to patients’
survival was similar (Table 5). Moreover. even compared to
the prior studies using nonfractionated paclitaxel and
CBDCA regimen, patients’ survival was also similar in that
OR was ranged as 70% [29], 77% [30], and 91% [31], and
PFS was 13 months [29], 10 months [30], and 9 months
[31]. Although comparative phase III study of weekly
CBDCA and recent collective CBDCA will be needed,
considering the possibility of treatment in elderly women
and in the treatment of relapsed ovarian cancer and the fact
that all patients have the risk of decreased bone-marrow
function due to prior chemotherapy, the WTC with weekly
CBDCA regimen is still expected to be a useful optional
salvage setting. A phase I} comparative trial between WTC
and every-3-weeks therapy for platinum-sensitive relapsed
ovarian cancer and a large phase 11 trial for primary

epithelial ovarian cancer are expected, because WTC shows
the potential to achieve therapeutic effects while maintain-
ing patient acceptability.

Acknowledgments

The authors acknowledge Dr. Kiichiro Noda, president of
Kinki University, for establishing the study design and
providing useful suggestions during the present study. The
authors also appreciate Robert L. Coleman, MD, and Robert
F. Ozols, MD, for their review of the manuscript and for
giving us critical suggestions.

References

[1] Parmar MK, Ledermann JA. Colombo N, du Bois A, Delaloye JI.
Kristensen GB. et al. Paclitaxel plus platinum-based chemotherapy
versus conventional platinum-based chemotherapy in women with
relapsed ovarian cancer: the ICON4/AGO-OVAR-2.2 tial. Lancet
2003:361:2094 -5.

[2] Gilewski T. Norton L. Cytokinetics and breast cancer chemotherapy.
In: Harris JR. Lippman ME. Morrow M. et al.. editors. Discases of the
Breast. Philadelphia (PA); Lippincoti-Raven, 1996, p. 751 - 68,

{3] Seidman AD. Hudis CA. McCaffrey 1. et al. Dose-dense therapy with
pachitaxel via weekly I-hour infusion: preliminary experience in the
treatment of metastatic breast cancer. Semin Oncol 1997;17:72--6.

{4] Abu-Rustam NR. Aghajanian C. Barakat RR. Fennelly D, Shapiro F,
Spriggs D. Salvage weekly paclitaxel in recurrent ovarian cancer.
Semin Oncol 1997:24:62 7.

{5) Markman M. Hall J. Spitz D. Weiner S, Carson L. Van Le L. et al.
Phase Il trial of weekly single-agent paclitaxel in platinumi/paclitaxel-
refractory ovarian cancer. I Clin Oncol 2002:20:2365--9.

[6] Havrilsky Ll Alvarez AA, Sayer RA. et al. Weekly low-dose
carboplatin and paclitaxel in the treatment of recurrent ovarian and
peritoneal cancer. Gynecol Oncol 2003:88:51 -7.

[7] Wu CH. Yang CH. Lee IN. Tsai EM. Weekly and monthly regimens

of paclitaxel and carboplatin in the management of advanced ovarian

cancer. A preliminary report on side effects. Int J Gynecol Cancer

2001:11:295 -9,

Bolis G. Scarfone G. Luchini L. Ferraris C, Zanaboni F, Presti M,

et al. Response fo second-line weekly cisplatin chemotherapy in

ovarian cancer previously treated with a cisplatin- or carboplatin-

based regimen. Eur § Cancer 1994:30A:1739 41,

[9] Colombo N. Pittelli M. Parma G, Marzola M. Torri W. Mangeni C.

Cisplatin dose intensity in ovarian cancer: a randomized study of

conventional dose versus dosc-intense cisplatin monochomotherapy.

Proc Am Soc Clin Oncol 1993:12:806a.

Coccont G. Bella M. Lottici F. Leonardi F. Ceci G. Passalacqua R,

et al. Mature results of a prospective randomized trial comparing a

three-weekly with an accelerated weekly schedule of cisplatin in

advanced ovartan carcinoma. Am I Clin Oncol 1999:22:559 .67.

[11} Belani CP. Barstis J. Perry MC, La Rocea RV, Nattam SR. Rinaldi D.
et al. Multicenter. randomized trial for stage [HB or IV non-small-cell

Jung cancer using weekly paclitaxel and carboplatin followed by
maintenance weekly paclitaxel or observation. } Clin Oncol
2003:21:2933-9,

{12] Watanabe Y. Nakajima H. Nozaki K. Hoshiai H, Noda K. The effect

of granisetron on in vitro metabolism of paclitaxel and docetaxcl.

Cancer } 2003:9:67 70,

Miller AB. Hoogstraten B. Staquet M. Winker A, Reporting results of

cancer treatment. Cancer 1981:47:207 14,

o0
[t

110

)



[14]

(17l

[18

{19

[20

124

[23]

Y. Wutunabe et al. / Gynecologic Oncology 96 (2005) 323-329 329

Rustin GJ, Nelstop AE. McClean P, Brady MF. Mcguire WP. Hoskins
W1, et al. Defining response of ovarian carcinoma to initial chemo-
therapy according to serum CA 125. ] Clin Oncol 1996:14:1545-51.
Rustin GJ, Nelstop AE, Bentzen SM, Piccart MJ, Bertelson K. Use of
tumour markers in monitoring the course of ovarian cancer. Ann
Oncol 1999:10:21-7,

du Bois A. Luck HJ, Buser K, Meerpohl HG, Sessa C. Klaassen U.
et al. Extended phase I study of paclitaxel as a 3-h infusion in
patients with ovarian cancer previously treated with platinum. Eur J
Cancer 1997;33:379-- 84,

Nardi M., Aloe A. DeMarco S. Cognetti F, lacovelli A, Atlante G,
et al. Paclitaxel as salvage therapy in advanced pretreated ovarian
cancer: a phase Il study. Am J Clin Oncol 1997;20:230--2.

du Bois A, Luck HJ, Meier W, Adams HP, Mobius V, Costa S, et al. A
randomized clinical trial of cisplatin/paclitaxel versus carboplatin/
paclitaxel as first-line treatment of ovarian cancer. ] Natl Cancer Inst
2003:95:1320-30.

Qzols RF. Management of advanced ovarian cancer consensus
summary. Semin Oncol 2000:3:47 -9,

Fennelly D. Aghajanion C. Shopiro F. O'Flaherty C, McKenzie M,
O Connor W. et al. Phase 1 and pharmacologic study of paclitaxel
administrated weekly in patients with relapsed ovarian cancer. J Clin
Oncol 1997:15:187-92.

Rosenberg P, Anderson H. Boman K. Ridderheim M, Sorbe B,
Puistola U, et al. Randomized trial of single agent paclitaxel given
weekly versus every three weeks and with peroral versus intravenous
steroid premedication to patients with ovarian cancer previously
treated with platinum. Acta Oncol 2002:41:418 - 24,

Sehouli . Stengel D, Elling D. Ortmann O. Blohmer J, Riess H. et al.
First-line chemotherapy with weekly paclitaxel and carboplatin for
advanced ovarian cancer: a phase | study. Gynecol Oncol
2002:85:321-6.

Piccart MU, Bertelsen K. James K, Cassidy J, Mangioni C, Simonsen E.
et al. Randomized intergroup trial of cisplatin—paclitaxel versus

{24}

[25]

£28]

[29]

(30}

B31]

cisplatin—cyclophosphamide in women with advanced epithelial
ovarian cancer: three-year results. J Natl Cancer Inst 2000:92:699—708.
ICON Group. Paclitaxel plus carboplatin versus standard chemo-
therapy with either single-agent carboplatin or cyclophosphamide,
doxorubicin, and cisplatin in women with ovarian cancer: the [ICON3
randomized trial. Lancet 2002:360:505-15.

Bookman MA, Greer BE. Ozols RF. Optimal therapy of advanced
ovarian cancer: carboplatin and paclitaxel vs. cisplatin and paclitaxel
(GOG 158) and an update on GOG 0182-ICONS. Int J Gynecol
Cancer 2003;13:735--40.

Mcguire WP, Hoskins W, Brady MF, Kucera PR, Partridge EE, Look
KY, et al. Cyclophosphamide and cisplatin compared with paclitaxel
and cisplatin in patients with stage 11l and stage 1V ovarian cancer.
N Engl J Med 1996:334:1-6.

] Lopes NM, Adams EG. Pitts TW, Bhuyan BK. Cell kinetics and cell

cycle effects of taxol on human and hamster ovarian cell lines. Cancer
Chemother Pharmacol 1993;32:235--42,

Jordan MA. Wendell K, Gardiner S. Derry WB, Copp H, Wilson L.
Mitotic block induced in Hela cells by low concentrations of
paclitaxel (Taxol) results in abnormal mitotic exit and apoptotic cell
death, Cancer Res 1996:56:816—25.

Dizon DS, Hensley ML, Poynor EA, Sabbatini P. Aghajanian C,
Hummer A, et al. Retrospective analysis of carboplatin and paclitaxel
as initial second-line therapy for recurrent epithelial ovarian carci-
noma: application toward a dynamic disease state model of ovarian
cancer. | Clin Oncol 2002:20:1238-47.

Eltabbakh GH, Yildirim Z, Adamowicz R. Paclitaxel and carboplatin
as second-line therapy in women with platinum-sensitive ovarian
carcinoma treated with platinum and paclitaxel as first-line therapy.
Am J Clin Oncol 2004:27:46-50.

Rose PG, Fusco N, Fluellen L, Rodriguez M. Second-line therapy
with paclitaxel and carboplatin for recurrent disease following first-
line therapy with paclitaxel and platinum m ovarian or peritoneal
carcinoma. J Clin Oncol 1998;16:1494 -7,



Combination effects of irradiation and irinotecan on
cervical squamous cell carcinoma cells in vitro

TETSUJ TANAKA'. KAZUNOR! YUKAWA? and NAOHIKO UMESAK1!

Departmoents of 'Obsteuics and Gynecology and Tphysiology, Wakayama Medical University .
§11-1 Kim-idera, Wakayama 641-0012, Japan

Received March 14,2005, Accepted June 29, 2005

Abstract. Irmotecan HCI (CPT-11) has frequently been used
in chemoatherapy af concurreat chemoradiotherapy for
patients with ndvanced cervical cancer, nlthough an effective
protocol tar chemoradiotherapy with CPT-11 has not yet
been established. Using the radiosensitive human cervical
syuamous cell carcinoma ccll line ME 180 and SN38, a major
active metabolite of CPT-11, both the SN38 effects on
radiosensitivily and irradiation eftccts on SN38 sensitivity
werse investigated to optimize the chemoradintherapy protocol
tor CPT-11. SN38 had no effect on radioscasitivity, and
irrachation did not affect SN3¥ sensitivity, Moreover, 3 of 4
post-irvadistion sueviving subcloncs abainéd from repeatedly
irradiated ME180 cells showed no significant changes in their
SN38 sensitivities compared with the non-irradinted parent
cells. On the other hand, all 7 SN18-resistant subclones
established from MEIBO cells showed strong reduction
their radioscnsitivities. These results suggest that CPT-11
should be adrunmistered to advanced cervical cancer patients
alier, but not beforc, standard radiotherapy, and concurrent
administration of SN38 with radiotherapy should be
avaided in order {0 prevent severe adverse effects, such as
watery diarthca, which is the minn adverse effect of pelvic
radiotherapy or CPT-11.

Introduction

Patients with unresectable advanced cervical squamous cell
carcinoma (SCC) are usually treated with radiotherapy as
the therapy of chaice, since most cervical SCCs are
radiosensitive. However, standard radiotherapy of cervical
cancer patients is often non-radical for locally sdvuncud
cervical cancer with a huge primary (umor, wide invasion to
the pelvic walls, many lymph node mctastases. or possible
Jistant micrometastases. Therefore, chemaradiotherapy is
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E-mml: retanaka@wakuyarna-med ac jp
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sometimes concurrently applicd (o patients with locally
advanced cervical cancer. Cisplatin (CODP) is one of the
most effective anncancer drugs for advanced cervical cancer
und has been widely used in concument chemoradiotherapy
for sdvanced cervical cancer patients (1-6). When and how
CDDP should be injected into cancer patients during
radiotherapy hux not yet been investigated. although many
repons have shown that concuirent chemoradiotherapy with
CDDP results in o significandy higher survival ratio than
radiotherupy alone (1-3). Tabuta ef «f reporied that blcomycin,
vincristine, mitomycin and cisplatin (BOMP) chemotherapy
belore radiotherapy 1 cervical cancer patients resulted in 4
signilicantly lower survival ratio than that for patieats weated
with radiothernpy alone (7). These observations suggest that
the radiosensitivity of cancer cclls may be reduced by BOMP
chemotherapy. and further indicute that chemosadiotherapy
of cervical cancer may represent @ wurse treatment than
vadiotherapy alone when the chemotherapeutic drugs are
inadequatcly administered.

Recent clinical studies have demonstrated that combination
chemotherapies with wrinotecan HC1 (CPT-11) plus cDDP
(8.9) and CPT-11 plus mitomycin C (MMC) (10) produced
better (herapeutic effects in advanced or rclapsed cervical
cancer paticnts than previously used chemoatherapies. In
Japan, CPT-11 plus MMC is currently one of the first-line
chemotherapies for advanced cervicsl SCC patients. In our
prehimionry study at Wakaymna Unyversity Hospital. CPT-11
plus MMC therapy showed 100% efficiency for stage 11T
cervical SCC patieats (11). Therefore. the combination of
CPT-11 and MMC is the first-tinc chemotherapy for cervical
SCCs at our hospilal because paticats do not sufter the
nausca and vommiting vaused by conventional CDDP-bascd
chemotherapy. Since CPT-11 15 thought to be  radiosensitizer
(12-17). coneurrent chemoradiotherapy with CPT-11 has
been applied to advanced cancer patieats with tung (18-20).
rectal (21.22), esophageal (23, and cervieal cancey (24), cic.
In Japan, a clinical study of concurrent chemoradiothcrapy
with CPT-11 for patients with advanced ccrvical cancer has
already been initiated, Howcever, there are no reports that
indicate when and how CPT-11 should be optimally
administered to cervical SCC patients during rudiotherapy. (n
the present stody, therelore, radioscnsitive human cervical
squamous carcinoma cells were used 1o investigute severdl
options for chemoradiotherapy with CDT-11 to achicve the
optimal eatment protucol.
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Figure 1. Effects of SN38 on the cadioseasutivily of MEI80 cebls. Within
20 min after the initiak addition of SN38 10 MEIBD cells, the cells were
itadialed with various doses of -rays. The lina} SN38 conceatrations in the
culiore media were B, S and 50 pg/ml. The solid fine with closed cuscles
shows the conirol tadiaseasitivity cunve ol cefls cullured without SNIB. The
dotted dimes with open citcles (SN3S =5 pefal) and closed tiangles (SN38
=50 pg/ml} show the radiosensitivity curves of cells cuhured with SN38.
These aze no signilicant dilfereaces among the 3 radioseasitivily curves.

Materials and meihods

Cell line and cell culture. The radiosensitive human cervical
SCC cell tine ME180 (25-28) used in this study was obtained
from the Japan Resources Cell Bank (JRCB; Tokyo, Japan)
All cells used in this study were cultured ip Opti-MEM
(Gibco-BRL, Gaithersburg, MD, USA) supplemented with
5% [etal calf serum (FCS; Equitech Bio Iac:, Ingram, TX,
USA) and 2 mixture of 100 U/ml penicillin and 100 jig/mi
sieeptomycin (Gibco-BRL). SN38, the major active mefabolile
of CPT-11 vsed in this study, was a gift from the Yakult Co.
(Tokyo, Japan).

Cell viability assays. The growih-inhibitory effects of
radiation and SN38 on ME1B0 celis were investigaled as
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Figure 2. Effects of imadiahon on SN38 sensitivity of MELBO cells. Withn
20 aun alter the addition of vanous concentrauons of SNI8 to MEI80 cells,
the cells were (radiated with 2.5 or 50 Gy of y-eays. The solid Jine with
closed ercles shows the coatcol SNIS sensitivaty curve of cells culiured
without irradiation The doled lines with open ciccles (2.3 Gy) and closed
squares (5.0 Gy) show the SN38 sensitivity curves of the sradiated cells.
Therte ate no sigmficant dilfereaces among the 3 sensitvily curves.

follows. To examine the eflects of radiation, cells in log
phase were dispersed with 0.25% 1rypsin/l mM EDTA
(Gibco-BRL), then culsured overnight in 96-well culiure
plates (5,000 cells/well). On the second day, the cells were
irradialed with vanous doses of y-1ays using an MBR 1520A
irradiator (Hitachi-Medico, Tokyo, Japan). On the fourth
day, viable cells were counted using an XTT non-RI
cologimetric assay kit (Boehringer Mannheim. Mannheim,
Germany). To examine modulatory effects of SN38 an the
cell death induced by itradiation, cells were ueated with
various concenirations of SN38, immediately y-irradiated at
different doses, then colluced for 2 days. Finally, the relative
viable cell numbers (expressed as percentages) were
calculated using the XTT kit. All expements were repealed
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Figure 3. Elfocts of SN3B treaiment and yv-ray iscadiation on the SO¥38 sensitivity of MEJBO cells. (A) The solid Jine with closed circles shows the conlrol
SNJ8 sensitmaty curve of cells irvadiated with a single dose of 5-Gy immedialely alter the addion of SN38. The dotted Jine with open circles shows the SN38
stosivily curve of cells treaied with SN38 at 8 b before teradiation (B) The solid tine with closed circles shows the control SN38 wensitiviy cune of cells
irradiawed with a single dose ol 3 Gy immediately aftes the addition of SN38B. The dolted hine with open circles shows the SN38 sensuivity cune of celts
treated with SNJ8 a1 8 h alier imadiation. No significant changes in the SNIB sensitivity curves were obsenved.
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Figure 4. SNI8 sensitivities af post-inadiation surviving subclones. The SN38 sensitivities of 4 subcloncs established from post-imadiation surviving oells
were compared with the SN scasitivity of non-imadiated ME 180 pasert cells. The solid lines with closed circles show the control SN18 seasilivity curve of
ME |80 pareot cells. The dotted Lines with open corcles shows SNI8 sensitivily curves of the post-imadiation sutviving subclones. Ooly Rad-SV-1 displays 2
signifacantly Jower SNI8 sensitivity 1ban the non-irradiated paent cells. “p<0.01.

2-3 dimes to verify the results, The data are shown as the
mean + SD, and data comparisons werc analyzed using the
Stodent's t-test (n=6) and ANOVA.

Esiablishent of surviving subclones following repeated
trradiation, Post-ieradiation surviving subclones were
established as follows. MEL80 parent cells cuftured in a
96-well culeuce plate (10,000 cells/well) were subjected fo 4
consecutive doses of radiation (10 Gy each) once a week, and
cultured for about 4 weeks. In a preliminacy experiment,
more than 90% of the ME180 cells died afler a single dose of
10 Gy y-ray irradiation. Cells collected from the 4 wells
conlaining surviving cancer cell colonies were then sub-
cultured at lower cell deasities (0.1-20.0 cells/well) using a
limiting dilution protocol (29). The cloning elliciencies
obtained from the himiting dilution cultures were below 10%
(3.7-9.1%). Finally. at 4 monihs after the wunitial irradiation,
4 monoclonal post-imradiation surviving subclones, designated
Rad-SV-1, Rad-§V-2, Rad-SV-3 and Rad-SV-4, were
established.

Establishyuent of SN38-resistant subclones from MEI80 cells.
To establish SN38-resistant subclones, MEJ80 parent cells
were cultvred with vagious concentrations of SN38 for 3-5
weeks, and the surviving cells were collected. This collection
procedure afler SN38 exposure was sepealed 4 Limes. Finally,
7 single cell-derived SN38-sesistant subclones, designated
SN38ri, SN382, SN38¢7, SN38re8, SN38:9, SN38#10 and
S$N38112, were established by using the limiting dilusion
method (29). The monoclonality of each SN38-cesistant
subclone was confirmed by chsomosome analysis (data nol

shown). The establishment of these SN38 resistant subclones
took 11 months (30).

Results

First, the effects of SN38 on the radiosensitivity of MEL80
cells were examined. As illusirated in Fig. 1, SN38 did not
signilicantly affect the ME180 radiosensitivity curve. Second,
the effects of irradiadon on SN3B-sensitivity in ME18O were
investigated. As shown in Fig. 2, concurent igradiation did
not_affect the SIN38 sensitivity. Furthermore, ireadiation had
no effect on the SN38 sensitivity of cclls teeated with SN38
either befose or after irradiation (Fig. 3).

In order to examine the SN38 sensitivities of cells aftes
isradiation, we established 4 posi-icradiation sucviving
subclones and examined (heic sensitivities to SN38. Three of
these subclones showed no sigaificant changes in their SN38
sensifivities compared to the pareat ME L8O cells, while the
remaining subclone (Rad-SV- 1) showed a significant reduction
in its SN38-sensitivily (Fig. 4). -

Finally, the radiosensitivities of SN38 -gesistant cells weee
examined 1o investigate whether radiotherapy would have
beneficial effecls on cervical cancer patients who relapse
afler CPT-|t-based chemotherapy. As shown ia Fig. 5, all 7
SN38-resistant subclone cells were clearly radioresistant.

Discussion

This is the Nrst stody to investigatc how CPT-11 shoul.d be
effectively administered to advanced cervical S_CC pi_n-lc.nls
wreated with radiotherapy. SN38 did not affect radiosensitivity,
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Figure 5. Radiosensitivities of the SN3B.resistant cells. The sadiosensitivities of 7 SN'I8-resistant subclones established from MEL B0 cells were examined. All
7 SN38-resislant subclones (0pen bars) show clear radiotesistance, as 30 Gy of irradiation has ao effect on their grows, while aimost all pasent cells (closed
bars) die after irradiation with 40 Gy. 'p<0.0S, *'p<0.01 sad “p<000); as.. not sigmilicant.

and irradiation did not alfect the SN38 sensitivity of ME180
cells. There were no signi(icant changes in the SN38
sensitivities in 3 of the 4 post-irradiation sorviving subclones,
whereas all 7 established SN38-resistant subclones wece
clearly radioresistant. From these cesulis, concurrent
chemoradiotherapy with CPT-11 for advanced cervical SCC
pauents is not thought to have any beneficial ¢lfect compared
to radiotherapy alone. Watery diaechea is a well-known
adverse effect of CPT-11. Siace radiotherapy alone for
cervical cancer offen causes diarthea in pafients, concurrend
chemoradiotherapy with CPT-11 is highly likely to induce
severe diarthea in patients with advanced cervical cancer. In
our preliminary clinical irials, many patients suffered severe
diarrhea during concumrent chemoradiothecapy with CPT-11.
The results of the presemt study indicate that CPT-11-based
chemotherapy may have similar wmor-suppressive effects
for cervical cancer after radiotherapy, and radiotherapy
may not have a beneficial efVect on relapsed patients after
CPT-1|-based chemotherapy.

The results of the current stdy seveal that SN38 is not a
radiosensitizer for MEI8O cells, although many concurrent
chemoradiatherapies with CPT-11 have been applied clinically
to various types of cancers. To our knowledge, no other
in vitro studies invesligating the effects of radiation and
CPT-11 on cervical SCC cells have been reported. The
diffecence between the cument results and previous reporls
(£2-17) that CPT-t1 is a radiosensitizer may originate from
dilferences in cell lineages oc cell Jines used in the in virro
experiments, However, the ME180 cell line always appears

to be sesponsive to the sadiosensitivity-modulatory effects of
chemothierapeutic drugs; we have previously examined the
combination effects of radiation and other anlicancer drugs,
such as mitomycin (31}, CDDP, docetaxel, pirarubicin (32),
doxorubicin, 5-fluorouracil, casboplatin, bleomycin, elc., and
found that each of these drugs covld enhance o reduce the
radioseasitivity of ME180 cells (unpublished data). The
presend data ceveal that SN38 did not enhance the radio-
sensitivity of MEL80 cells, and radiation did not enhance the
SN38 seasitivity of MEL80 celis. These results indicate that
concurrent chemoradiothecapy with CPT-11 for cervical SCCs
may have an additive, but not a synergistic cytoloxic effect. In
our preliminary clinical experiences with concurrent chemo-
radiotherapy with CPT-11 for cervical cancer paiieats, the
chemoradiotherapy frequeantly induced severe watery
diarthea and grade IV myelosuppression in patients, and did
nol appear to prolong the survival time or lime to
progression-{ree survival of patieats. In conclusion, treatment
protocols for cervical cancer patients involving chemo-
radictherapy with CPT- 1} need to be further investigated and
discussed.
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Radiation-induced cell death is independent of the apoptotic
signals mediated by death-associated protein kinase
in human cervical squamous cell carcinoma cells
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Abstract. Deatheassociated protein kinase (DAPK) was
originally idcntified as a positive mediator of interferon-y
(IFNy)-nduced apoptosis in cervical cancer cells, and inter-
ferons have been reported to enhance radiosensitivity in
various types of squamous cell carcinomu. To examiae
whether DAPK can regulute cancer cell radiosensitivity,
we investigated DAPK expression and raudiosensitivity in
human cancer cell lines, includiag the cervical squamous cell
carcinoma cell line, ME180, which is both radiosensitive and
IFNy-sensitive. Of the 5 human cancer cell Lines examined,
MEL80 cells were the most radiosensitive, but their level
of DAPK protein cxpression was undetectable by Weslern
blotting. A comparative study of ME]80 cells with 2 ather
uterine cancer cell lines, HHUA and HOKUG. revealed no
significant rclationships between cellular radiosensitivity and
DAPK protein expression or hypermethylation of the DAPK
promoter CpG island. INEy dose-dependently inhibited MI2180
cell proliferation, but did not induce any ccll death. 1FNy
significantly enhanced the radiosensitivity of ME180 cells
with a slight iacrense in DAPK protcin expression, while
ireadiation significantly reduced their sensitivity to the growth-
inhibitory signals of INFy. Analyses of 6 monoclonal cisplatin-
resistant subclonces established from MELRO cells revealed
that all 6 were significantly more radioresistant than the
parent ME180 cells without any change in the DAPK protein
expression. These results indicate that DAPK does not
regulate radiation-induced cell death and that it cannol be
either u target molecule for radiotherapy with gene therapy or
a prognostic marker for cervical cancer patients treated with
radiotherapy.
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Introduction

Death-associated protein kinase (DAPK) is a 160-kDa cyto-
skeleton-associated calcium/calmodulin-dependent serine/
threonine kinase that was initially identified as a positive
mediator of interferon-y (IFNy)-induced programmed cell
death in Hela cells, a human cervical adenocurcinoma cell
line (1). In addition, DAPK is ulso involved in the various
types of upopiosis induced by tumor necrosis factor-a, Fas
(2). ¢-mye, E2F (3) and detachment from the exteacellular
matrix (4). Furthermorc, the establishment of cxperimental
mctastases in syngeneic mice suggested a unique mechanism,
Jinking the suppression of apoptasis with the formation of
lung metastases through the loss of DAPK expression (4).
The DAPK protein cxpression level is thought to play an
important role in the IPNy-induced apoptosis of HeLa
cells, since the cell death was inhibited by suppression of
DAPK expression (1). Interferons have been reported to
enhance radiosensitivity in various types of cancer cells
(5-14). This finding and the nbscevation that DAPK mediates
IFNy.stimulated apoptosis in Hela cells suggest there may
be a relationship between DAPK.mediated signals and the
regulation of radiosensitivity. However, no studies have
investigned the interactions between DAPK.-mediuted signals
and radiation-induced cell dcath. If DAPK-mediated signals
are associated with raciation-induced cell death. DAPK may
be useful as a candidare warget for-gene therapy for cancer
paticnts during radiotherapy. DAPK may also be a clinical
marker for predicting the radiosensitivity of tumors. Further-
more, dysregulated DAPK cxpression may be a cause of
acquired radioresistance in twmor cclls. Since paiients with
advanced cervical squamous cell cancer are nften treated
with radiotherapy. a positive relationship between DAPK
siznaling and radiation-induced ccll death signals may lead
{0 a new therapcutic application to cancer therapy. However,
since aberrant methylation of the CpG island in the DAPK
promoter region frequently accurs in a variety ol human
primary squamous cell carcinomas, including skin cancer
(15). head and neck cancer (16,17), lung carcinoma (18-20)
and oral cancer (21), as well as uterine cervical carcinoma
(22,23), associations between DAPK-mediated signals and
radiosensitivity in cervical squamous cancer cells may be
rare. However, if radiation could induce DAPK expression in
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‘cancer cells, the induced DAPK-mediated apoplotic signals
may stimulate radiation-induced cell death. This hypothesis
has never previously been examined. In the current study, we
therefore investigated the possibility of a dicect relationship
between DAPK expression and radiosensitivity in human
ulecine cancer cell lines, whose cell proliferation can be
inhibited by IFNy, as well as in HeLa cells.

Malerials and methods

Cell lines and culture. The THP- 1 (human myeloid leukemia)
(24). MEL80 (homan cervical squamons cell carcinoma)
(8.12,14) and HeLa (human cervical adenocaccinoma) (1)
cell lines were purchased from the JCRB Cell Bank {Japan
Collection of Rescarch Bioresources Cell Bank, Tokyo,
Japan). The HHUA (human highly-differentiaied endomeirial
adenocarcinoma) (25) and HOKUG (human cervical glassy
cell carcinoma) (2G6) cell lines were obtained from the Riken
Cell Bank (Tsukuba, Japan). All cells were cullured in
OPTI-MEM medivm {fnvierogen Corp., Carlsbad, CA, USA)
supplemented with 3% fetal bovine serum (FCS, Equitech
Bio lac., Ingram, TX, USA), pesicillin (PC) (100 U/ml),
steeptomycin (SM) (100 pg/mi) and fungizone (0.25 pg/ol;
Tavitrogen) in 5% CO,/93% air 20 37°C.

Cell viability nssay. The growth-inhibilory effecis of radiation
ar IFNy on the cell lines were investigated as follows. To
investipate the cffect of radiation, cells in the log-phase
were initially dispersed with 0.25% wypsin/l mM EDTA
(Invilrogen Corp.) and subsequently culiured overnight in
96-well culture plates (5,000 celis/well). On day 2, the
cells were irradiated with variovs doses of y-rays using an
MBR 1520A irradiator (Hitachi-Medico, Tokyo, Japan). On
day 4, the viable cells were counted usiag an XTT non-RI
colosimetric assay kit (Boehringer Mannheim, Maonheim,
Germaay). To examine the modulatory elfects of IFNy an
the cell death induced by jovadiation, cells were treated with
vanous concentrations of recormbinant human [FNy (countesy of
Shionogi & Co. Lid., Osaka, Japan), immediately y-irradiated
at different doses and then cultured for 2 days. Finally, the
relative viable cell numbers (cxpressed as percentages) werc
calculated using the XTT kit. All experiments were repeated
2-3 times 1o verily the results. The data are shown as the
mean £ 3D, and daia comparisons were analyzed by Studeal's
t-test (n=6) and ANOVA,

Wesrern blot analysis of DAPK expression. Alter reaching
confluency, the cell lines were washed 3 limes with ice-cold
phosphate-bulfered saline (PBS), lysed with 0.5 ml of sample
bulfer (250 mM Tris, pH 6.8, 4% SDS, 10% glycerol, 2% 2-
mercaplocthanol), Iransferred 10 a micrecentrifuge tube and
boiled for 5 mio. The protein concentrations were determined
from the UV absorption at 280 nm. Aliquots of each cell
lysale containing 200 pg of protein were subjected to 7.5%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and then
transferred to a PVDF membrane (ATTO Corp., Tokyo, Japan)
using a semi-dry electrobloiting apparaius (ATTO Corp.) at
2 mAJem? for 45 min. The membrane was blocked with 5%
skimmed milk for | h al room temperatute and subsequently
incubated overight at 4’C with a mouse monoclonal aati-

TANAKA i al: DAPK AND RADIOSENSITIVITY IN CERVICAL SCC

human DAPK aolibody (clone 55, Sigma, St. Louis, MO,
USA) that also recognizes murine DAPK. A mouse mono-
clonal anti-human actin antibody (Sigma) was vsed to delect
actin as an inlernal proteio conirol. After siringent washing with
TBS-T (20 mM Tuis, pH 7.6, 0.5 M NaCl, 0.4% Tween-20), the
membrane was incubated with 2 goat anli-mouse horseradish
peroxidase-conjugated secondary astibody (Sigma) for | h at
room temperature. The membrane was further washed with
TBS-T, developed with an enhanced chemiluminescence
detection kit {Amersham Phormacia Biotech, Uppsala, Sweden)
and then scanoed with a luminocapture {Lype AE6955; ATTO
Corp.).

Genoinic DNA extraciion and bisulfite modification far DAPK-
methylation-specific polynterase cha reaction (DAPK-MS-
PCR). Genomic DNA was isolated from the cell lines using a
SepaGene kit (Sanko-Junyaku Lid., Tokyo, Japan) according
1o the manufacturer's instruclions. The DNA concentration
was delermined [rom the UV absorptions at 260 am and
280 nm. Genomie DNA was modified by chemical trcatment
with sodium bisulfite (Sigma) as descrnibed previously (27.28).
In this reaction, atl vamethylated cytosines were converled (o
uracils, while the methylated cytosines remained unalieced.
Briefly, 2 9/50 il of DNA was denatured by adding freshly
prepared sedium hydeonide to a final concentration of 0.3 M,
and incubating the misture for 20 min a¢ 37°C. Nexl, 30 ul of
freshly prepared 10 mM hydroquinine (Sigma) and 520 pl
of 3 M sodiura bisul{ite {pH 5.0) were added w0 the DNA
solulions, mixed and incubated for 46 b 2t 55°C. The DNA
samples were then desalted usiag the Wizard DNA Cleaa-Up
System (Promega Corp., Madison, WI, USA) sccording to
the manufacturer’s protocal, redissolved in 50 jul of autoclaved
distilled water, desulfonated with 0.3 M NaOH for 20 min at
37°C and precipitated with ethanol. The bisulfite-modified
genomic DINA was resuspended in 20 ui of autociaved distilled

walter and either used immediately or slored at -70°C.

DAPK-MS-PCR. DAPK-MS-PCR was performed as described
previously {29). Briefly, the bisulfite-modified DNA was
used as a template for stage I PCR amplificalion io geoerate a
209-bp fragment of the DAPK gene that included 2 portion
of its CpG-rich promoter region. The stage J PCR primers
recognized the modified DNA but could not discriminale
between methylated and unmethylated alleles. The sequences
of the stage { primers were: DARK forward, 5-GGTTGTTT
CGGAGTGTGAGGAG-3", and DAPK reverse, 5-GCTATC
GAAAACCGACCATAAAC-3. Hotslan Tag™ DNA poly-
mease (Qiagen Lid., Germany) in a 25 pl volume was used
for all PCR amplifications. The stage 1 PCR amplification
was carried out as follows: 95°C for [S min, then 35 cycles
of 94°C for | min for denaturation, 58°C for 150 sec for
annealing and 72°C for £50 sec for extension, followed by a
final extension at 72°C for 10 min.

The stage I PCR products were diluted 50-fold, and 5 !
was subjecied (o the stage I} PCR amplification using primers
specifically designed for methylated or unmcthylated DNA
in the promoter region of the DAPK gene.

The sequences of the primers used to sefectively amplify
the unmetbylated and methylated alleles of the DAPK gene
during stage Il amplification were as fotlows: vamethylated
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DNA forward, S“GGAGGATAGTTGGATTGAGTTAAT
GTT-3; unmelhylated DNA reverse, S-CAAATCCCTCCC
AAACACCAA-: methylated DNA forward, 5-ATAGTCG
GATCGAGTTAACGTC-3"; and methylated DNA reverse,
S-AAAACTAACCGAAACGACGACG-3. The annealing
temperalure was increased to 65°C and the annealing time
was reduced 1o 90 sec for 40 cycles. The stage 11 PCR
amplilied 153 and 106 bp products from methylaied and
unmethylated DAPK genes, respectively.

Finally, these PCR products were electiophoresed in 2
2.0% agarose gel at 50 V for about 1 b, and then visualized
by staining with S pg/ml ethidium bromide.

DNA degradotion assay using agarose gel electroploresis.
ME180 cells in the log phase were detached with 0.25%
trypsin/l mM EDTA, and then cultured overnight in culture
dishes (3x10° cells/dish) containing OPTI-MEM/5% FCS/
PC/SM. On day 2, IFNy (200 [U/mi) was added to the cells,
followed by icvadiation with 3.2-Gy of y-ray. On day 4. genomic
DNA was extracted from all cells, including the dead ones,
using a SepaGene DNA exlraction kit (Sankyo-Junyakv Co.
Ltd.) and treated with 100 pg/ml of RNase A (Sigma) in TE
(10 mM Tris, pH 8.0, 2 mM EDTA) for 90 min al 37°C to
remove any RNA contamination. Approximately 20 pg of the
genomic DNA from Sx10° cells was then elecicophoresed in
a 1.4% agarose gel at SOV for about 2 b, stained with 5 pg/ml
of ethidium bromide and visvalized by UV fluorescence.

Establishment of cisplatin (CODP)-resistant subclones from
ME]80 cells. To establish CDDP-resistant subclones, ME180

P

cells were cultnred with waclaune ameoo-es

weeks and the surviving cells were collected. This colleclion
proceduse afier CDDP exposure was repeated 4 times. Finolly,
6 single cell-desived CDDP-resistant subclones, designated
CDDPrl, CDDPr2, CDDP¢3, CDDPrd4, CDDPr5 and
CDDPe6, were established by the limiting dilulion method
(10). The monoclonality of each CDDP-resistant subclone
was confirmed by chromosome analysis (data not shown).
The establishment of these CDDP-resistant subclones took
1 year.

Resulls

Radiosensitivity tests of the S human caacer cell lines
cevealed that ME]80 oells wete the most radiosensigive (Fig. 1).
The resulis also showed moderate radiosensitivity in HHUA
cells and fow radiosensitivity in HOKUG cells.

The effects of JFNy on cell proliferation were examined
because DAPK was initially cloned to stimulate IFNy-induced
apoptosis in HeLa cells. IFNy dosc-dependently inhibited the
profiferation of both ME 180 and HHUA cells (Fig. 2).

Next, the elfect of IFNy on the radiosensitivity of ME180
cells was examined. As shown in Fig. 3A, INFy significantly
enhanced the radiosensitivity. A DNA degradation assay
revealed a small enhancement of DNA degradation in ME180
cells treated with radiation and [FNy, but no apoplosis-specific
DNA fragmentation was detected (Fig. 3B). Cells treated
with IENy alone did not show any DNA degradation or
fragmentation, suggesting that the inhibition of ME180 cell
growth by 1FNy in Fig. 2A is withoul apoptosis. In HHUA
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In order to examine whether DAPK expression is involved
in the radiosensitivity of cancer cells, Western blot analyses
were carded out to detect DAPK protein expression in ME{80,
HHUA and HOKUG cells. DAPK protein expression was
undetectable in both ME180 cells, which were the most

radiosensitive, and HOKUG cells, which were the least
radiosensitive (Fig. 44). HHUA cells, which were moderately
radiosensitive, showed strcong DAPK expression. To investigate
the refationships belween DAPK protein expression and CpG
island hypermethylation of the DAPK gene promoter regions
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Table I. Comparisons of the radiosensitivity aad DAPK
expression in 3 human uterine caacer cell lines.

MEI80 HHUA HOKUG

Radiosensitivily 4+ ¢ -
DAPK prolein expression -~ +4+ +
Hypermethylation of the 4+ - ++

DAPK gene promoter

in the 3 cell lines as well as in Hel.a cells, MS-PCR for DAPK
was performed. Methylation of the CpG islands was detected
in ME[80 and HOKUG cells, but not in HeLa or HHUA cells
(Fig. 4B). These cesults indicate that the DAPK expression in
these 4 cell lines was regulated by methylation of the DAPK
CpG island. Taking all these resolts together, there was no
relalionship between radiosensitivity and DAPK protein
expression or DAPK CpG island hypermethylation in the
ME 180, HHUA and HOKUG cell lines (Table I).

To investigate the celationships between radiation-induced
cell death and DAPK-mediated apoptosis, changes in the
DAPK expression in irradiated ME180 cells were examined.
A Western blot analysis revealed that the DAPK protein
expression in ME]80 cells was slightly, but not significanily,
inceeased after isradiation (Fig. SA). Considering the result
thal radiation may induce DAPK expression and the sreport that
DAPX stimulates 1ENy-induced apoptosis in HeLa cells (1),
it was hypothesized that irradiation would not reduce the
seasilivity of ME 180 cells 1o IFNy. In facs, however, irradiation
significantly reduced the seasitivily of ME180 cells 10 [FNy
in a dose-dependent manner (Fig. 5B).

INFy-induced apogptosis in Hela cells is inhibited by
suppression of DAPK expression (1), suggesting that the
DAPK expression level plays an important role in IFNy-
induced cell death. In ME180 cells, however, [FNy inhibited
cell proliferation but did not induce ceil death (Figs. 2A
and 3B). The different effects of IFNy on growih inbibition
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Rolotiwm Vieblo Sol Fasterm (8)

953

and cell death in Hel.a and ME180 cells may arise from
two independent signals induced by IFNy, namely growth-
inhibitory signals and apoplolic signals. Therefoce, CDDP,
which inhibits cancer cell growth with the induction of
apoptosis, was used to investigate the relationships among
CDDP-induced cell death, DAPK protein expression and
radiation-induced cell death. We examined DAPK protein
expression and radiosensitivity in 6 CDDP-resistant subclones
established from ME180 cells in order to investigate the
mechanisms of their drug-resistance. As shown in Fig. 6B,
all 6 CDDP-resistant subclones were strongly radiocesistant.
Moreover, Western blol analysis revealed that DAPK protein
expression was undetectable in all 6 CDDP-resisiant subclones,
simifar to the case for the parent ME180 cells (Fig. 6C).

Discussion

The results of the present study indicate that the radiosensitivity
of cancer cells is highly unlikely lo be affected by the DAPK
protein expression Jevel. The radiosensitivity of ME 18O cells, in
which DAPK protein expression is strongly suppressed, is very
high, as is uswval for cervical squamous cell carcinoma cells.
Furthermore, we established 6 CDDP-vesistant subcloaes
from ME180 cells that were all much mose radioresistant
than the parent cells and found that their DAPK expressions
were undetectable. These results indicate that the acquisition
of CDDP-tesistance or radioresistance does not require the
induction of DAPK protein expression. From the results of
experiments on 3 of the cell lines (summarized in Table 1),
the radiosensitivity of cancer cells has no relationship with
either DAPK protein expression or DAPK CpG island
methylation. We strongly suggest that the DAPK protein
expression level may have no regulatory funciien in the
radiosensitivity of caacer cells.

The present study has proven that DAPK-mediated signals
are not essenlial for the growth-inhibitory signals of IFNy. In
HeLa cells, IFNy-induced apoptosis can be inhibited by
suppression of DAPK protein expression (1), suggesting that
DAPK-mediated signals are essential for the IFNy-induced
apoptosis in these cells. Growlh inhibition by IFNy was
found in ME180 celis. in which DAPK prolein eapression
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Figure 5. Elfects of radiation on DAPK protein expression and semsitivity 10 JENy. A. eflects of iradiation on DAPK grrolein expression ia ME(BO celis
examined by Westesn blol analysis. DAPK proiein expression (normalized to the actin protein expression) is slighily increased afler imadiation. B, efTects of
iTadaation on the sensitivity of ME180 cells lo 1FNy. Iadiation significanily reduces the BFNy-seasitivity in a dose-depeadeal manaer.
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is strongly suppressed. However, although IFNy strongly
inhibited ME180 cell proliferaiion, it did not induce detectable
cell death. la other words, the cell growth inhibition of ME1R0
cells by IFNy was not associated with apoptotic changes.

These results mean that DAPK-mediated signals are not *

essential for the growth-inhibitory signals induced by IFNy-
stimulation in ME180 cells. Further studies are required to
determine whether or not DAPK-mediated signals are essential
for the apoplosis induced by IFNy, siace IFNy inhibited cell
proliferation but did not induce apoptosis in HHUA cells,
which show a very high level of DAPK protein expression.

IFNy enhanced radiation-induced cell death in ME130
cells. On the other hand, radiation significantly reduced
the sensitivity to IFNy, while DAPK protein eXpression was
stightly, but not significantly, enhanced after irradiation. As
described above, DAPK-mediated signals are not essential for
the growth-inhibitory signals induced by IFNy in ME180 cells.
Therefore, we cannot exclude the possibility that this slight
increase in DAPK expression induced by irradiation may
enhance radiation-induced cell death. However, since HHUA
cells with a high level of DAPK protein expression were much
less radioresistant than ME180 cells with an undetectable Jevel
of DAPK protein expressian, if appears very unlikely that
DAPK-mediaied signals affect radiation-induced cell death.

In conclusion, the present study has almost proven that thece
is no relationship between DAPK protein expeession level and
radiosensitivity in ME180 cells, whose radiosensitivily can

be enhanced by IFNy. From our resulis, DAPK-mediated
signals do not appear to have aay effect on radiation-induced
cell death although DAPK has been reported to be involved
in IFNy-induced cell death, apoptosis mediated by Fas or
TNF-receptor and celi death induced by detachment of cells
from the extracellular matrix (1-4). Since DAPK expression
in wmor cells is thought to regulate metastasis and prognosis
in cancer patients, DAPK has been proposed as a candidate
molecular target for gene therapy. However, the current
resulls indicate that DAPK is highty unlikely to be either a
molecular target for combined radiotherapy with any gene
therapy or a prognostic marker fos radiotherapy in cancer
patients. Radialion-induced cell death signals are considered
to be independent of the DAPK-mediated apoptotic signals.
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Radiation enhances cisplatin-sensitivity in human cervical
squamous cancer cells in vitro
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Summary

Purpose and methods of investigation: Cisplatin (CDDP) is regularly used in concurrent chemoradiotherapy in patients with
advanced cervical cancer although an effective protocol of chemoradiotherapy with CDDP has not yet been established. In search
of a beuer chemoradiotherapy protocol, we investigated both CDDP effects on radiosensitivity and irradiation effects on CDDP-sen-
sitivity using the radiosensitive human cervical squamous cell carcinoma cell line ME180.

Results: We found that CDDP did not affect cellular radiosensitivity, and that irradiation significantly enhanced CDDP-scnsitiv-
ity. Moreover, all the four post-irradiation surviving subclones obtained from repetitively irradiated ME!80 cells showed signifi-
cantly higher CDDP sensitivities than those of the non-iradiated parent cells.

Conclusion: These results suggest that an effective protocol would involve the eoncurrent administration of CDDP with radio-
therapy and further administration following completion of radiotherapy in order to achieve higher CDDP-sensitivities.

Key words: Cisplatin; Chemoradiotherapy; Cervical cancer; Squamous cell carcinoma; Radiosensitivity.

Introduction

Since most cervical squamous cell carcinoma (SCC)
cells are radiosensitive, patients with unresectable
advanced cervical SCC are usually treated by radiother-
apy as the first choice of therapy. However, standard
radiotherapy of cervical cancer patients is often non-
radical for locally advanced cervical cancers with either
huge primary tumors, wide invasion to pelvic walls,
many lymph node metastases, or possible distant
micrometastases. Therefore, in order to i) eradicate
cancer cells outside irradiated fields, ii) enhance the
radiosensitivity of cancer cells during radiotherapy, iii)
and kill surviving cancer cells after irradiation, chemora-
diotherapy has sometimes been concurrently applied to
patients with locally advanced cervical cancer.

Cisplatin (CDDP) is thought to be the most effective
anticancer drug for cervical cancer. Therefore, CDDP has
been the most frequently used worldwide in concurrent
chemoradiotherapy in patients with advanced cervical
SCC. Several research groups interested in concurrent
chemoradiotherapy for cervical cancer patients reported
significant increases n survival ratios of cancer patients
reated with concurrent chemoradiotherapy using CDDP
[1-5]. On the other hand, a few studies could not find any
beneficial effects on survival times for patients receiving
CDDP chemoradiotherapy [6). In these studies, usual
administration protocols of CDDP in concurrent
chemoradiotherapy involved weekly injections of 40-75
mg/m’ CDDP {1-6]. Recently, a few basic investigations

“reported the effective concurrent use of CDDP with
radiotherapy. In addition, Tabata ef al. [7] showed that
cervical cancer paticnts pretreated with bleomycin, vin-
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cristine, mitomycin and cisplatin (BOMP) chemotherapy
including CDDP before radiotherapy demonstrated a
lower survival ratio compared with patients treated with
radiotherapy alone. These results suggest that the use of
BOMP chemotherapy before radiotherapy reduces
radiosensitivity of cervical cancer cclls. In the present
study, we used radiosensitive human cervical squamous
carcinoma cells to investigate several options of
chemoradiotherapy with CDDP in order to achieve
optimal treatment.

Materials and Methods

Cell line and cell culture

In this study, the radiosensitive human cervical SCC cell line
ME180 with wild-type p53 genes [8] was used. The ME180
cells were obtained from Japan Resources of Cell Bank (JRCB,
Tokyo, Japan). All cells used in this study were cultured in
OPTI-MEM (GIBCO-BRL, Gaithersburg, MD, USA) supple-
mented with 5% fetal calf serum (FCS) (EQUITECH BIO Inc.,
Ingram, TX, USA) and a mixture of 100 U/ml penicillin/100

g/ml streptomycin (GIBCO-BRL). CDDP used in this study
was a gift from Nihon-Kayaku Co. (Tokyo, Japan).

Cell viability assay

Cell proliferation was assessed with the XTT non-RI colori-
metric assay kit (Boerhinger Mannheim, Mannheim, Germany).
Growth-inhibitory effects of radiation and CDDP on ME180
cells were investigated as follows. Cells in the log phase were
initially dispersed with 0.25% trypsin/l mM EDTA (GIBCO-
BRL), and subscquently cultured overnight in 96-well culure
plates (5,000 cells/well). On the second day, various doses of
y-rays were used to irradiate the cells using a MBR 1520A irra-
diator (Hitachi-Medico, Tokyo, Japan). On the fourth day,
viable cells were counted with the XTT kit. In order to examine
the modulatory effects of CDDP on cell death induced by irra-
diation, cells were trezted with various concentrations of CDDP
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and immediately y-irradiated at different doses, followed by a
2-day culture. Finally, relative viable cell numbers {(expressed as
a percentage) were calculated using the XTT kit. All experi-
ments were repeated two or three tumes to verify the results,
Data are reported as means followed by standard deviations
(SD), and comparative data (n = 6) were statistically analyzed
by ANOVA,

Establishment of surviving subclones following repeiitive irra-
diations

Post-irradiation surviving subclones were established as
follows. ME180 parent cells cultured in a 96-well culture plate
(10,000 cells/well) were subjected 1o four consecutive doses of
radiation (10 Gy each) once a week, and cultured for about four
weeks. In a preliminary experiment, more than 90% of ME180
cells were killed after a single dose of 10 Gy y-ray imadiation.
Cells were collected from each of the four wells containing sur-
viving cancer cell colonies and sub-cultured with a lower cell
density (0.1-20 cells/well) using a limiting dilution protocol.
Cloning efficiencies assessed from the limiting dilution cultures
were below 10% (3.7%-9.1%). Finally, four months following
the initial irradiation, four monoclonal post-irradiation surviv-
ing subclones were established.

Results

First of all, effects of CDDP on radiosensitivity of
MEI!80 cells were examined. As illustrated in Figure 1,
CDDP did not have any significant effect on ME180
radiosensitivity curves. Secondly, eftects of irradiation on
ME180 CDDP-sensitivity were investigated and we found
that irradiation significantly enhanced CDDP-sensitivity
(Figure 2). In order to determine whether post-irradiated
cancer cells maintain the higher CDDP-sensitivity follow-
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Figure 1. — Effects of CDDP on radiesensitivity of ME180
cells.

Within 20 minutes after initial addition of CDDP to ME180
cells, various doscs of y-rays were used for radiation. Final
CDDP concentrations iu cullure mediz are 0, 0.1, and 1 pug/mi,
respectively. The solid lines with closed circles show control
radiosensitivity curves of cells cultured without CDDP. The
dotted lines with open circles and closed triangles are those of
cells cultured with CDDP. There was no significant difference
between the three radiosensitivity curves.

—e— 0 Cy
—o-- 1.3 Gy

£ 1007 T

g

E up < 0.01

EE M “*p<0.0]

= "i

8

o 50

B

g

>

g

8

L5}

4

0

6 006032 0.016 0.(’)8 04 ,"’. 10 5n
CDDP (pg/mi)

Figure 2. — Effects of irradiation on CDDP-sensitivity of
MEI80 cells. '

Within 20 minutes after various concentrations of CDDP were
added to ME180 cells, y-rays were used for radiation. The solid
line with closed circles shows the control CDDP-sensitivity
curve of cells cultured without irradiation. y-ray irradiation (7.5
Gy) significanily eohanced the CDDP-sensitivity (dotied line
with open circles) (*p < 0.01, **p < 0.01).

ing irradiation, we established four posi-irradiation surviv-
ing subclones according to methods described above and
examined their sensitivity to CDDP. All four established
subclones demonstrated significant higher CDDP-sensitiv-
ities than the parent ME180 cells as shown in Figure 3,
suggesting that post-irradiation increases CDDP-sensitiv-
ity and this can be maintained for at least four months after
initial irradiation.
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Figure 3. — CDDP-sensitivity of post-irradiated surviving
cells.

CDDP-sensitivity of the four subclones established from sur-
viving cells following irradiation was compared with the
CDDP-sensitivity of non-irradiated ME180 parent cells. The
solid line with closed circles shows the control CDDP-sensitiv-
ity curve of MEI180 parent cells. All four post-irradiated sur-
viving subclones (dotted lines) displayed significantly higher
sensitivities to CDDP compared with non-irradiated parent cells
(*p <0.05, **p < 0.01).
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Discussion

Radiotherapy is the most commonly used therapy for
locally advanced cervical cancers and CDDP is also one
of the most effective anticancer drugs used for advanced
cervical cancers. Therefore, CDDP has been widely used
in concurrent chemoradiotherapy for advanced cervical
cancer patients [1-6]. Although many reports showed that
concurrent chemoradiotherapy with CDDP resulied in
significantly higher survival ratios than those of radio-
therapy alone [1-5], there have been few reports on how
to effectively administer CDDP during radiotherapy.
Studies reporting concurrent chemoradiotherapy with
CDDP used weekly injections of 40-75 mg/m* CDDP.
When and how CDDP should be injected to cancer
patients during radiotherapy has not been investigated
yet. Tabata et al. reporied that BOMP chemotherapy with
the use of CDDP before radiotherapy in cervical cancer
patients resulted in significantly lower survival ratios
than those in patients treated with radiotherapy alone [7].
This report suggests that radiosensitivity of cancer cells
may be reduced by BOMP chemotherapy. Additionally
these results make us aware that chemoradiotherapy of
cervical cancers may provide worse treatment than radio-
therapy alone in cases of inadequate administration of
chemotherapeutic drugs. )

In our study, we used radiosensitive human cervical
SCC cells to report optimal treatment conditions for com-
bined chemoradiotherapy with CDDP. Although CDDP
does not affect radiosensitivity of cancer cells, irradiation
significantly enhances CDDP-sensitivity. Moreover, we
found that surviving cancer cells following irradiation
have a higher CDDP-sensitivity. These results suggest
that CDDP should be administered to cervical cancer
patients not before but after irradiation. Our results con-
cide with clinical results reported by Tabata ef al. (7). In
conclusion, post-irradiation CDDF injection may be a
better treatment than concurrent chemoradiotherapy
alone because irradiated cancer cells may retain higher
CDDP-sensitivity for several months after irradiation.
Moreover, our proposed investigative procedures can be
applied to other studies aimed to optimize other combi-
nations of anticancer drugs with radiotherapy in cervical
cancer patients.
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