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Collagen gel droplet-embedded culture drug
sensitivity testing in squamous cell carcinoma cell lines
derived from human oral cancers: Optimal contact
concentrations of cisplatin and fluorouracil
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Abstract. The collagen gel droplet-embedded culture drug
sensitivity test (CD-DST) is an anticancer drug sensitivity test
that uses a method of three-dimensional culture of extremely
small samples, and it is suited to primary cultures of human
cancer cells. It is a useful method for oral squamous cell
carcinoma (OSCC), in which the cancer tissues available
for testing are limited. However, since the optimal contact
concentrations of anticancer drugs have yet to be established
in OSCC, CD-DST for detecting drug sensitivities of OSCC is
currently performed by applying the optimal contact concen-
trations for stomach cancer. In the present study, squamous
carcinoma cell lines from human oral cancer were used to
investigate the optimal contact concentrations of cisplatin
(CDDP) and fluorouracil (5-FU) during CD-DST for OSCC.
CD-DST was performed in 7 squamous cell carcinoma cell
lines derived from human oral cancers (Ca9-22, HSC-3,
HSC-4, HO-1-N-1, KON, OSC-19 and SAS) using CDDP
(0.15,0.3, 1.25,2.5,5.0 and 10.0 ug/ml) and 5-FU (0.4, 0.9,
1.8, 3.8, 7.5, 15.0 and 30.0 pg/ml), and the optimal contact
concentrations were calculated from the clinical response rate
of OSCC to single-drug treatment and the in vitro efficacy rate
curve. The optimal concentrations were 0.5 pg/ml for CDDP
and 0.7 pg/ml for 5-FU. The antitumor efficacy of CDDP at
this optimal contact concentration in CD-DST was compared
to the antitumor efficacy in the nude mouse method. The
T/C values, which were calculated as the ratio of the colony
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volume of the treatment group and the colony volume of the
control group, at the optimal contact concentration of CDDP
and of the nude mouse method were almost in agreement
(P<0.05) and predicted clinical efficacy, indicating that the
calculated optimal contact concentration is valid. Therefore,
chemotherapy for OSCC based on anticancer drug sensitivity
tests offers patients a greater freedom of choice and is likely to
assume a greater importance in the selection of treatment from
the perspectives of function preservation and quality of life,
as well as representing a treatment option for unresectable,
intractable or recurrent cases.

Introduction

Recent therapies for oral cancer have improved the curability
of oral cancer and the 5-year survival rate of patients. This is a
result of multidisciplinary therapy, in which wide resection and
immediate reconstructive surgery brought about by advances
in reconstructive surgery are combined with chemotherapy
and radiation therapy (1-3). In addition, various therapies,
including intra-arterial chemotherapy, that aim to preserve
oral function through minimal invasion have been investi-
gated to address the postoperative functional deterioration
that accompanies surgical therapy (4). Additional therapies
are being used with chemotherapy to reduce adverse effects
by obtaining precise antitumor efficacy with minimum doses.
These include multidrug therapy (docetaxel with cisplatin and
fluorouracil) in preference to single-drug therapy (cisplatin),
as well as superselective intra-arterial chemotherapy (5,6).
Drug resistance has also been investigated (7). Therefore, the
clinical application of sensitivity tests for anticancer drugs is
highly desirable to ensure that drugs are used effectively and
appropriately. Prediction of the anticancer drug sensitivity
of a particular tumor when chemotherapy is used not only
contributes to improving patient outcome, but also prevents
ineffective drug administration, thus reducing unnecessary
physical and financial burdens (8-11).

In vivo anticancer drug sensitivity tests that have been
developed at present include the nude mouse method and
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subrenal capsule assay method, and the clinical applica-
tion of these methods has been investigated (12,13). There
is also considerable interest in in vitro methods, which,
compared with in vivo methods, are easier to perform,
less expensive and generate results within a shorter time.
In 1995, Kobayashi et al (14) developed the collagen gel
droplet-embedded culture drug sensitivity test (CD-DST),
which combines the collagen gel droplet culture method,
which is a simple method of three-dimensional (3D) culture
that allows extremely small clinical samples to be tested, with
a serum-free medium step and quantitative evaluation by
image analysis. CD-DST has little effect on non-cancerous
cells, allowing accurate measurements of cancerous cells
only (14-16). This method has been used chiefly on tumors of
the digestive system (17,18). Compared to such cancers of the
primary organs, oral squamous cell carcinoma (OSCC) and
other oral cancers generally have a smaller tumor volume.
CD-DST is therefore likely to be a suitable method for testing
the sensitivity of anticancer drugs on OSCC, as this test can
be used with a small volume of tumor tissue (14-16). However,
since anticancer drug contact concentrations for OSCC have
yet to be established by CD-DST; currently, OSCC is treated
using drug contact concentrations established for the treatment
of stomach cancer (19). Therefore, a basic investigation of the
optimal contact concentration of cisplatin (CDDP) and fluo-
rouracil (5-FU) was conducted using 7 squamous carcinoma
cell lines derived from human oral cancers to establish the
anticancer drug sensitivity for OSCC using CD-DST.

Materials and methods

Materials. The Ethics Committee of The Nippon Dental
University School of Life Dentistry at Niigata (approval no.,
ECNG-H-119; Niigata, Japan) approved the present study.
In total, 7 squamous cell carcinoma cell lines derived from
human oral cancers were used, as follows: squamous cell
carcinoma of the tongue, SAS, HSC-3, HSC-4 and OSC-19;
squamous cell carcinoma of the gingiva, Ca9-22; squamous
cell carcinoma of the buccal mucosa, HO-1-N-1; and squa-
mous cell carcinoma of the floor of the mouth, KON. The SAS
and Ca9-22 cell lines were purchased from the Health Science
Research Resources Bank (National Institutes of Biomedical
Innovation, Health and Nutrition, Osaka, Japan), and the
HSC-3, HSC-4, HO-1-N-1, KON and OSC-19 cell lines were
purchased from the Japanese Collection of Research Biore-
sources (National Institutes of Biomedical Innovation, Health
and Nutrition). The cell lines were subcultured until use in
Dulbecco's modified Eagle's medium (DMEM/F12; Nihon
Pharmaceutical Co., Ltd., Tokyo, Japan) supplemented with
15% fetal bovine serum (FBS; Life Technologies; Thermo
Fisher Scientific, Inc., Waltham, MA, USA), 0.1% dispensable
amino acid solution (Life Technologies; Thermo Fisher Scien-
tific, Inc.), 50 U/ml penicillin, 50 pg/ml streptomycin (Life
Technologies; Thermo Fisher Scientific, Inc.), and 0.25 pg/ml
fungizone (Life Technologies; Thermo Fisher Scientific, Inc.).
The subcultures were multilayered under conditions of 37°C,
95% air and 5% CO, for 72 h. During culture, cells were
observed using an inverted-phase contrast microscope
(Olympus, Tokyo, Japan). The anticancer drugs used in this
study were CDDP (Bristol-Myers Squibb, Tokyo, Japan) and
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5-FU (Kyowa Hakko Kirin, Tokyo, Japan). The 8 experimental
animals were female nude BALB/c nu/nu mice aged 5-7 weeks
(CLEA Japan, Inc., Tokyo, Japan).

Investigation of the specificity of anticancer drug sensitivity by
reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from the Ca9-22, HSC-3, HSC-4,
HO-1-N-1, KON, OSC-19 and SAS cell lines seeded onto Petri
dishes using the RNeasy Mini kit® (Qiagen, Hilden, Germany),
according to the manufacturer's protocol. Using 1 pg of
total RNA, cDNA was synthesized using the High Capacity
cDNA Reverse Transcription kit (Life Technologies; Thermo
Fisher Scientific, Inc.). PCR amplification was performed
using Platinum PCR Super Mix (Life Technologies; Thermo
Fisher Scientific, Inc.) with the following gene-specific
primers: Multidrug resistance gene 1 (MDRI) (20); multi-
drug resistance associated protein gene 1 (MRP1) (20);
MRP2 (20); excision repair cross-complementing factor 1
(ERCC1) (21,22); thymidine synthase (23); dihydropyrimi-
dine dehydrogenase (DPD) (23); thymidine phosphorylase
(TP) (23); and orotate phosphoribosyltransferase (OPRT) (23)
(Table I). The PCR cycle consisted of the following condi-
tions: Denaturation at 94°C for 15 sec; annealing at 55°C
for 15 sec; and extension at 72°C for 60 sec. The cycle was
repeated 35 times (Table I). The tests were conducted using
the Applied Biosystems® 2720 Thermal Cycler (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The internal
control was glyceraldehyde-3-phosphate dehydrogenase, with
PCR amplification performed under the same conditions.
Electrophoresis was performed on a 2% agarose gel (Nippon
Gene, Co., Ltd., Tokyo, Japan), and the PCR products were
visualized by ethidium bromide staining for identification of
the bands.

Sensitivity tests and anticancer drug concentrations.
CD-DST was performed according to the method described
by Kobayashi et al (14-16), using the Primaster® human cancer
cell primary culture kit (Kurabo Industries Ltd., Osaka,
Japan). The protocol was performed three times for each
cell line (Fig. 1). Solution A (Cellmatrix® Type CD), solution
B (F-12 medium at 10-fold concentration), and solution C
(reconstitution buffer containing 50 mM NaOH, 260 mM
NaHCO;, and 200 mM HEPES), which were included in
the collagen gel culture kit, were mixed at a ratio of 8:1:1 by
volume to homogeneity to make a collagen solution. Each cell
line was mixed with this collagen solution to 1-5x10° cells/ml,
and the suspension was transferred into a 6-well multiplate
(FALCON®, NY, USA) using a micropipette in three 30-ul
droplets, making a total volume of 90 ul per well (15,16). In
addition, three 30-ul droplets were transferred onto a 40-mm
dish as a reference to determine the growth rate. Subsequent
to gelation in a CO, incubator at 37°C for 1 h, the droplets in
each well were overlaid with DMEM/F12 containing 10%
FBS and cultured for 24 h. Drug contact was thus performed
under conditions approximating physiological conditions.
The maximum concentration was twice the maximum
blood concentration during clinical administration, and the
minimum concentration was the steady state concentration.
CDDP was added at concentrations of 0.15, 0.3, 1.25, 2.5,
5.0 and 10.0 ug/ml. 5-FU was added at concentrations of 0.4,
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Figure 1. Overview of the collagen gel droplet-embedded culture drug sensitivity test method.

0.9, 1.8, 3.8, 7.5, 15.0 and 30.0 ug/ml, and the droplets were
returned to the CO, incubator and left in contact with the
drug for 24 h. Following contact, the culture medium in each
well was removed by suction, and the droplets were washed
twice with phosphate-buffered saline (PBS; Takara Bio Inc.,
Otsu, Japan) to remove the anticancer drug. The cells were
then growth-cultured for 7 days in serum-free medium. At
this time, to compare the cell growth rate, the reference
plate was stained and fixed. Subsequent to cultivation for
7 days, neutral red solution (Kurabo Industries Ltd.) was
added to each well, and the cells were incubated at 37°C for
another 2 h. The cells were fixed by replacing the solution
with 10% neutral formalin (Wako Pure Chemical Industries
Ltd., Osaka, Japan) for 40 min. The culture plates were then
washed three times in PBS and air-dried for 10 h. Drug effi-
cacy was determined by image analysis (Solution Systems
Inc., Chiba, Japan).

Determination of efficacy by image analysis. Antitumor
efficacy was determined according to the method of
Koezuka et al (24) using the Primage® image analysis device
(Kurabo Industries Ltd.). Imaging of the plate samples
obtained from the sensitivity tests was performed by
acquiring grayscale images using the image analysis device.
Images other than those of the cancer cells that were unnec-
essary for the analysis were separated and removed from the
sample images using a shade (density gradation demarca-
tion) or shape (grain shape separation) extraction function.
Cancer cell growth and antitumor efficacy were determined
by measuring the volume of the colony from the cancer cell
images. The treatment group, which was in contact with the
anticancer drug, and the control group, which was not in
contact with the drug, were compared by calculating the ratio
of the colony volume of the treatment group (V) and the
colony volume of the control group (V) (V/V). This ratio

was the T/C value; a T/C value <50% indicated high sensi-
tivity and a T/C value >50% indicated low sensitivity. The
standard for an evaluable colony was a tumor cell growth
rate at the time of image analysis processing of =0.8 times
the rate at the start of the experiment.

Calculation of optimal contact concentration. The optimal
contact concentrations of CDDP and 5-FU were established
using the method described by Nagai er al (25). Using the
T/C values obtained from the anticancer drug sensitivity tests
for the 7 cell lines, an efficacy ratio curve was plotted with
the cumulative efficacy rate (%) on the vertical axis against
anticancer drug concentration (xg/ml) on the horizontal
axis. From this, the logarithmic trendline y = a.In(x) + b
was calculated. Using the already-known clinical response
rates of oral cancer to single-drug treatment with the two
anticancer drugs [CDDP, 26.3% (26); 5-FU, 13.0% (27)] on
the Y-axis, the optimal contact concentration could then be
read off along the X-axis.

Antitumor efficacy of CDDP in cancer-bearing nude mice.
The nude mouse method was used to investigate whether the
CD-DST results of the calculated optimal contact concen-
tration was associated with those of the 7 cell lines. Cells
(0.3 ml of a suspension of 1x107 cells/ml of Hanks' solution)
from 6 cell lines (excluding KON) were transferred to nude
mice under the flank skin. When the size of the tumor was
100-300 mm? [tumor size = 0.5 x (longest diameter x shortest
diameter?)], the experiment was commenced. The dose
of the anticancer drug was the clinically equivalent dose
(CED) reported by Inaba er al (28,29). This is the dose at
which the peripheral concentration of the anticancer drug
in nude mouse experimental models was the same as the
peripheral concentration in human patients treated with an
effective dose. On the basis of CED, 7.0 mg/kg CDDP was
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Figure 2. Results of reverse transcription-polymerase chain reaction amplification. ERCC1 was not expressed in any of the cell lines, while expression of
OPRT was found in all cell lines. No clear specificity in the expression of resistance genes or enzymes associated with metabolism was observed in the 7 cell
lines. GAPDH, glyceraldehyde 3-phosphate dehydrogenase; MDR1, multidrug resistance gene 1; MRP2, multidrug resistance associated protein gene 2;
OPRT, orotate phosphoribosyltransferase; TS, thymidine synthase; TP, thymidine phosphorylase; MRP1, multidrug resistance associated protein gene 1; DPD,
dihydropyrimidine dehydrogenase; ERCC1,. excision repair cross-complementing factor 1.
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Figure 3. Cumulative efficacy rate curves for (A) CDDP and (B) 5-FU. The cumulative efficacy rate curve is shown with the cumulative efficacy rate (%) on the
Y-axis plotted against the anticancer drug concentration (xg/ml) on the X-axis. The logarithmic trendline y = a.In(x) + b was determined and plotted. Using
the known clinical response rates of oral cancer to single-drug treatment with the two anticancer drugs (CDDP, 26.3%; 5-FU, 13.0%) on the Y-axis, the optimal
contact concentration could be extrapolated from the X-axis. CDDP, cisplatin; 5-FU, fluorouracil.

administered as a single intravenous injection to the tail vein
to reproduce the antitumor efficacy of clinical administration
in humans (28,29). The antitumor efficacy of the anticancer
drug was determined by calculating the T/C value at 21 days
post-administration from the relative tumor weight of the
drug treatment group and the control group, according to the
method described by Geran et al (30). A T/C value <50%
indicated high sensitivity and a T/C value >50% indicated
low sensitivity. The calculated T/C values were compared
to those from the CD-DST model for each cell line. All
procedures were performed to minimize pain and discomfort
according to the Guidelines for the Care and Use of Labora-
tory Animals, The Nippon Dental University School of Life
Dentistry at Niigata (approval no., 131).

Statistical analysis. All statistical analyses were performed
using the SPSS version 13.0J statistical software (SPSS, Inc.,
Chicago, IL, USA). The Mann-Whitney U test and Pearson's
correlation coefficient were used for comparisons among

groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

Specificity of anticancer drug sensitivity of the 7 cell lines.
ERCCI1 was not expressed in any of the cell lines, whereas
OPRT was expressed in all cell lines. No clear specificity
in the expression of resistance genes or enzymes associated
with metabolism was detected (Fig. 2).

Sensitivity of the 7 cell lines to CDDP and 5-FU at each
contact concentration. The results of CD-DST using the
7 cell lines are shown in Table II. The contact concentra-
tions at which all cell lines showed low sensitivity were
<0.3 ug/ml for CDDP and 0.4 pg/ml for 5-FU. Calculation of
the cumulative efficacy rate of the 7 cell lines at each contact
concentration showed that the efficacy rate at 1.25 ug/ml
CDDP was 57.1% and at 0.9 pug/ml 5-FU was 14.2%.
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Table I. Sequence of polymerase chain reaction primers.
Annealing

Gene Forward primer, 5'-3' Reverse primer, 5'-3' temperature, °C
MDRI1 CAGTGTTTGCCATAGTATTTTCAAGGATTG CCCTTTAACACTAGAAGCATCAC 42
MRP1 CGGAAACCATCCACGACCCTAATCC ACCTCCTCATTCGCATCCACCTTGG 42
MRP2 CTGCCTCTTCAGAATCTTAG CCCAAGTTGCAGGCTGGCC 55
ERCC1  GGGAATTTGGCGACGTAATTC GCGGAGGCTGAGGAACGA 55
DPD TGTTCGGACAGAGCAAGATG CTTCAATCCGGCCATTTCTA 55
OPRT ACGCCGGGGCGCCTGGGAGTTTGA TTTCCAGCCAGTGACTTTCAGGAGGAC 55
TS ACCAACCCTGACGACAGAAG ATGCGGATTGTACCCTTCAA 55
TP AGGAGACCTCGGTGCTGAC TGAGAATGGAGGCTGTGATG 55
GAPDH GTCAAGGCTGAGAACGGGAA GCTTCACCACCTTCTTGATG 55

MDR1, multidrug resistance gene 1; MRP1, multidrug resistance associated protein gene 1; MRP2, multidrug resistance associated protein
gene 2; ERCC1, excision repair cross-complementing factor 1; DPD, dihydropyrimidine dehydrogenase; OPRT, orotate phosphoribosyltrans-
ferase; TS, thymidine synthase; TP, thymidine phosphorylase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.
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Figure 4. Association between the antitumor effect in nude mice and the CD-DST (n=8). The graph is a comparison of the T/C value, which was calculated as
the ratio of the colony volume of the treatment group and the colony volume of the control group, obtained from administering CDDP to nude mice at clinically
equivalent dose and the T/C value obtained from CD-DST with CDDP at the optimal contact concentration (0.5 pg/ml). CDDP, cisplatin; CD-DST, collagen

gel droplet-embedded culture drug sensitivity test.

Calculation of the optimal contact concentrations of CDDP
and 5-FU. The in vitro cumulative efficacy rate curves of the
cumulative efficacy rate (%) against the contact concentration
(pug/ml) for CDDP and 5-FU are shown in Fig. 3A and B. The
optimal contact concentrations, determined by reading off
the concentrations for the known clinical response rates of
the single-drug treatment on the logarithmic trendline, were
0.5 pg/ml for CDDP and 0.7 pg/ml for 5-FU.

Comparison of CD-DST and nude mouse results for CDDP.
Of the 6 cell lines used (excluding KON), engraftment was
confirmed in the SAS, Ca9-22 and OSC-19 cell lines. The
results of treating nude tumor-bearing mice with CDDP at
the CED were compared with the CD-DST results for the
same cell lines of CDDP administered at the optimal contact
concentration (0.5 pgg/ml). The T/C values from CD-DST
were as follows: Ca9-22, 67.3%; SAS, 61.7%; and OSC-19,
86.6%. The T/C values from the nude mouse CED method

were as follows: Ca9-22, 64.6%; SAS, 65.6%; and OSC-19,
64.0% (P<0.05). The T/C values obtained from the two
different methods were therefore almost equal (Fig. 4).

Discussion

In previous years, there have been studies of anticancer drug
sensitivity tests used for the selection of appropriate anticancer
drugs for individual tumors (18,31,32). The nude mouse
grafting method for testing drug sensitivity was reported in
1969 (12), and since then, SRC methods have been devel-
oped (13). However, these drug sensitivity tests were not well
suited for clinical use, due to their low success rate and high
costs, and the time required for the results to be obtained.
In vitro tests, such as human tumor colony assay and succi-
nate dehydrogenase inhibition, were subsequently announced,
although there were challenges with the success rate of the
primary culture and drug contact concentration (33,34). The
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Table II. Results of the CD-DST method in the SAS, Ca9-22, HSC-3, HO-1-N-1, HSC-4, KON and OSC-19 cell lines.

A, CDDP
Cell line Cumulative efficacy
Cells, pg/ml SAS Ca9-22 HSC-3 HO-1-N-1 HSC-4 KON OSC-19 Cell lines, n Rate, %
0.15 92.1 112.9 107.1 97.9 1014 90.3 108.9 0/7 0.0
0.30 914 87.5 98.3 90.5 86.1 88.9 90.7 0/7 0.0
1.25 38.1 355 88.2 72.9 431 45.1 79.7 4/7 57.1
2.50 9.6 8.2 65.6 28.2 219 229 67.7 5/7 714
5.00 3.8 6.9 353 49 92 8.3 44 4 777 100.0
10.00 2.2 34 8.5 14 2.3 6.2 36.0 77 100.0
B, 5-FU
Cell line Cumulative efficacy
Cells, pg/ml SAS Ca9-22 HSC-3 HO-1-N-1 HSC-4 KON OSC-19 Cell lines, n Rate, %
04 110.0 50.1 86.8 87.0 77.5 75.6 81.6 0/7 0.0
09 88.2 238 55.1 86.3 63.3 504 76.6 1/7 142
1.8 343 18.5 53.8 73.7 62.6 40.5 76.0 3/7 428
38 13.1 4.5 522 59.6 28.9 20.1 71.7 4/7 57.1
7.5 6.9 43 514 48.9 299 122 60.4 5/7 714
15.0 3.7 34 430 21.6 204 6.2 59.2 6/7 85.7
30.0 33 33 30.3 4.6 10.6 6.9 44 8 77 100.0

The contact concentrations at which all cell lines show low sensitivity are <0.3 g g/ml for CDDP and 0.4 pg/ml for 5-FU. The cumulative efficacy
rate for the 7 cell lines at each contact concentration was calculated. At 1.25 pg/ml of CDDP, the rate is 57.1%, and at 0.9 pg/ml of 5-FU, the

rate is 14.2%. CDDP, cisplatin; 5-FU, fluorouracil.

CD-DST method, which was developed in 1995, is an in vitro
method of testing anticancer drug sensitivity that combines
the 3D culture of isolated cells embedded in collagen gel
droplets and image colorimetry (14). The particular features
of this method are that it allows testing using smaller quanti-
ties of cells compared with conventional assays, eliminates
the effects of fibroblasts that may adulterate samples at the
time of harvesting, and allows the evaluation of physiological
drug concentrations (14,15). Therefore, CD-DST is a useful
method for predicting efficacy prior to the administration of
an anticancer drug. Measurement success rates of =80% have
been obtained for cancers, including colorectal cancer (18),
lung cancer (31) and breast cancer (32), and a high clinical
efficacy prediction rate of 91% has been obtained (35). The
CD-DST method is therefore expected to have future appli-
cation as an anticancer drug sensitivity test in fundamental
research and clinical practice involving OSCC. However,
at present, optimal anticancer drug contact concentra-
tions have not been established using the CD-DST method
for OSCC; instead, tests are performed using the contact
concentrations for stomach cancer (adenocarcinoma) (36).
Sensitivity has been clearly shown to differ according to
the organ or tissue type; therefore, there is a possibility of
erroneous evaluation of the antitumor efficacy of anticancer
drugs for OSCC (18,31,32). Establishing the optimal contact

concentrations of anticancer drugs for OSCC is therefore
warranted.

In the present study, cell lines were used instead of clinical
specimens to establish optimal contact concentrations. First,
the specificity of each cell line was examined using RT-PCR.
No clear specificity in the expression of resistance genes or
enzymes associated with metabolism was observed in the 7 cell
lines. No ERCCI expression was detected in the 7 cell lines.
ERCCI is a protein involved in nucleotide excision repair of
DNA, and it affects CDDP resistance (37,38). It also enhances
DNA repair capacity by acting as a rate-limiting enzyme that
removes CDDP-DNA compounds in the nucleotide cleavage
and modification pathway (39). The group that did not express
ERCCI may be expected to exhibit a greater effect of CDDP
than the group that exhibited ERCCI; therefore, ERCCI1
has increasingly broad implications as a prognostic factor
in CDDP-based chemotherapy (40). By contrast, OPRT was
expressed in all cell lines. OPRT is considered to be involved
in DNA synthesis inhibition as well as RNA dysfunction
by converting 5-FU to 5-fluorouridinemonophosphate (41).
Although it was previously reported that the sensitivity of
5-FU could be predicted from OPRT enzyme activity (42),
it has also been reported that there is no correlation between
OPRT expression and antitumor efficacy (43,44). Wata-
nabe et al (45) reported that a metabolic pathway mediated by
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OPRT is central to drug efficacy expression in OSCC, and that
a high expression of OPRT is essential for drug sensitivity. The
present study showed that the 7 cell lines possessed no clear
indication of drug resistance and no specificity in their drug
sensitivity, thus prompting their use in the present study.

First, the sensitivities of the 7 OSCC cell lines toward CDDP
and 5-FU were investigated at different contact concentrations
using the CD-DST method. The optimal contact concentration
of CDDP was 0.3 pg/ml, which is higher than that for stomach
cancer (0.2 pg/ml), and all cell lines showed low sensitivity.
It therefore appears that the optimal contact concentration of
CDDP for OSCC treatment is increased compared with the
optimal contact concentration for stomach cancer. With 5-FU,
all cell lines showed low sensitivity at 0.4 ug/ml, which is lower
than the optimal contact concentration for stomach cancer
(1.0 ug/ml). At 0.9 ug/ml, 1 of the 7 cell lines (Ca9-22 cells)
showed high sensitivity, and the cumulative efficacy rate was
14.2%. Taking into consideration that the clinical response
rate obtained by single-drug treatment with 5-FU was 13.0%,
it could be deduced that the optimal contact concentration of
5-FU is likely be lower for OSCC than for stomach cancer.

The optimal contact concentrations of CDDP and 5-FU for
OSCC were calculated from the CD-DST of the 7 cell lines,
according to the method described by Nagai et al (25) and
were compared with the contact concentrations currently used
clinically for stomach cancer (0.2 ug/ml) (24). CDDP had an
optimal contact concentration value of 0.5 yg/ml, which was
increased compared with that of stomach cancer (0.2 yg/ml),
whereas 5-FU had an optimal contact concentration value of
0.7 ug/ml, which was decreased compared with that of stomach
cancer (1.0 ug/ml). Using CD-DST, Nagai ef al (25) found the
optimal contact concentration of CDDP to be ~1.0 pg/ml for
uterine body and cervical cancers and 2.0 pg/ml for ovarian
cancer, which are all increased compared with the contact
concentrations of stomach cancer (0.2 pg/ml). Thus, the
sensitivity to an anticancer drug varies according to the organ
or tissue type. In addition, the clinical response rate obtained
by single-drug treatment with CDDP has been reported to be
57.8% for ovarian cancer (8), 39.4% for cervical cancer (9),
and 19.1% for stomach cancer (10). There is therefore a trend
for the contact concentration to decrease at lower clinical
response rates. The clinical response rate of CDDP for OSCC
is 26.3% (26); therefore, on the basis of the aforementioned
trend, the optimal contact concentration of 0.5 pg/ml appears
valid.

An in vivo verification test was performed to examine the
clinical efficacy of CDDP, in which nude mice were used as
models of clinical efficacy in humans. The cell lines were
transplanted into nude mice, and the tumor-bearing nude
mice were administered a single dose of CDDP by injection
into the tail vein with the CED of 7.0 mg kg established by
Inaba et al (29) in order to reproduce the antitumor efficacy
of anticancer drugs in humans. This method was used to
predict the clinical antitumor efficacy. The in vitro antitumor
efficacy is generally determined by the concentration of the
drug in culture and the time for which it acts. However, it
is extremely challenging to reproduce changes in blood
concentration at the clinical dose in mice. Using the CED
in vivo facilitated the determination of the antitumor efficacy
similar to when the drug is administered to humans (26,27).
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The present in vivo verification test was performed with the
CED of CDDP, and the clinical effects appear to have been
reproduced. The T/C value from CD-DST, with an optimal
contact concentration of 0.5 yg/ml, and the T/C values from
the CED nude mouse method were almost in agreement for
the SAS, Ca9-22 and OSC-19 cell lines (P<0.05), indicating
that CD-DST is likely to be predictive of clinical efficacy.

CD-DST combines the collagen gel droplet culture
method, a simple 3D culture method that allows the analysis
of extremely small clinical samples, with a serum-free
medium step and quantitative evaluation by image analysis.
Furthermore, CD-DST has little effect on non-cancerous
cells, allowing accurate measurements of cancerous cells
only. Thus, CD-DST is an ideal anticancer drug sensitivity
test that overcomes the challenges of other sensitivity tests,
and CD-DST is widely used in clinical practice for lung,
breast and colorectal cancer (18,31,32). In addition to OSCC,
chemotherapy based on anticancer drug sensitivity tests
offers patients increased freedom of choice. CD-DST is likely
to be important in the selection of treatment, in terms of
function preservation and quality of life, and also as a treat-
ment option in unresectable, intractable or recurrent cases.
However, the optimal contact concentrations determined
in the present study are a basic stage for performing tests
using clinical samples. Additional sensitivity tests performed
on clinical samples are required, using the calculated optimal
contact concentrations to evaluate reproducibility on the basis
of clinical data.
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