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Abstract

In organized orientation programs for newly recruited medical interns of the Nippon
Medical School Hospital, the working committee of the clinical simulation laboratory
introduced a laboratory training session that was designed to improve the clinical skills of the
medical interns. The session consisted of 6 training courses, comprising internal examination,
tracheal intubation, auscultation of heart sounds, bandaging and the collection of samples of
venous and arterial blood. Medical interns rotated to a new course every 30 minutes and did
practical trainings in each of the 6 skills. A total of 36 newly recruited medical interns
participated in the training session. The majority of medical interns took part in the practical
training actively and positively. The session was efficiently carried out from the standpoints of
human resources and the teaching hours involved. A post training questionnaire survey,
completed by the medical interns, revealed that many of them valued the sessions for
comprehensibility of the instructions, the descriptions in the manual and the content of the
training; however, only 21% thought that they had successfully acquired the clinical skills.
Medical interns must continually engage in self-training to steadily acquire basic clinical skills.
The convenience of a clinical simulation laboratory, together with the reinforcement of the
education of clinical skills during internship, is necessary to strengthen the educational benefits
of the training session.

(J Nippon Med Sch 2010; 77: 209-213)

Key words: simulation-based training, basic clinical skills, training session, newly recruited
medical interns
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Introduction

A new training system for newly recruited clinical
interns has been in place in Japan since 2004. At the
same time, educational programs for medical interns
have been provided by all teaching hospitals and
university hospitals’. The programs showed that an
objective of internship is to acquire clinical skills
including airway management, cardio-pulmonary
resuscitation, collections of blood samples from veins
and arteries, lumbar puncture and tracheal
intubation’. These training programs, which promote
the acquisition of clinical skills, are attractive to
medical interns. Furthermore, intern education is an
important component of risk management, and this
may be sufficient reason in itself for health service
providers to continue to support this type of
program®. Therefore, one might assume that initial
clinical skills training for medical interns in the early
stages of their internship would be of great benefit,
from the view-points of motivation and risk
management.

The transition from medical student to medical
intern is a big cultural leap. The Nippon Medical
School Hospital now manages the transition with
organized orientation programs. Among these
programs, a training session was introduced by the
working committee of the clinical simulation
laboratory to improve the clinical skills of newly
recruited medical interns’. We describe here the
technique that was used to provide this effective
clinical skills training and the results of a post
training questionnaire survey completed by the
trainees, which aimed at assessing the value the

interns placed on the program.

Subjects and Methods

In April 2009, as a part of the organized
orientation programs for newly-recruited medical
interns, a training session for clinical skills was
implemented using a clinical simulation laboratory
and 3 small-group learning rooms. The aim of the
session was to train medical interns in basic clinical

skills. Beforehand, all interns were required to read
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Fig. 1 Training Session for Clinical Skills
Medical interns moved in rotation every 30 minutes
and took practical training in each of the 6 skills.

the training manual, in which the procedures of each
training course were described and the specific
behavioral objectives were clearly defined.

The session consisted of 6 training courses,
comprising internal examination, tracheal intubation,
auscultation of heart sounds, bandaging and
collection of venous and arterial blood samples. Five
simulators were used in the session, which included
Gynecologic Simulator (S503 GYM/AID, Gaumard
USA),

Trainer (Laerdal Medical Japan K. K., Tokyo, Japan),

Scientific, Miami, Airway Management
Cardiology Patient Simulator “K” (Kyoto Kagaku Co.,
Ltd, Kyoto, Japan), Simulator Intravenous Arm II
(M50-B, Kyoto Kagaku Co, Ltd) and Arterial
Puncture Wrist (M99, Kyoto Kagaku Co., Ltd).
Medical interns rotated to a training course, every
30 minutes and took practical training in each of the
6 skills (Fig. 1, 2).

At the end of the training session, the medical
interns were required to complete a 5-question
survey using a 4-point scale (1=poor, 4=good). The 5
items in the questionnaire were as follows: question
1: “Were the instructions comprehensible?”; question
2: “Were the
comprehensible?”; question 3: “To what extent did

descriptions in the manual
you acquire clinical skills?”; question 4: “To what
extent were you content with the session?”; and
question 5. “Will you use the clinical simulation
laboratory for self-training?” (Fig. 3).

After completing the training session, medical
interns had free access to the clinical simulation
laboratory and were encourage to engage in

voluntary skills-training.

J Nippon Med Sch 2010; 77 (4)
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Fig. 2 Photographs of Training Sessions for Clinical Skills
a: collection of venous blood sample, b: collection of arterial blood sample, ¢: internal examination, d: tracheal intubation,

e: auscultation (heart sounds). f: bandaging
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Fig. 3 Results of Post Training Questionnaire Survey
At the end of the training session, the medical interns were required to complete a questionnaire survey in
which they answered five questions using a 4-point scale (1= poor, 4= good). *Asterisks mean no opinion.

Results

A total of 36 newly recruited medical interns of
the Nippon Medical School Hospital participated in
the training session. They were divided into 6
groups of 6 members. The sessions were all
efficiently carried out from the standpoints of human
resources and teaching hours. Seven physicians and
4 nurses were required as instructors. The entire
session lasted 3 hours 30 minutes and consisted of 3
hours of training, 15 minutes of orientation
preceding the first session, and a 15-minute rest

period at the end of the third session.

J Nippon Med Sch 2010; 77 (4)

The overall response rate of interns to the
questionnaire survey provided at the end of the
session was 97% (35 of 36 interns). Figure 3 shows
the result of the questionnaire survey. The mean
values of question 1, 2, 3, 4, and 5 were 39, 33, 32,
37, and 3.2, respectively. Of the respondents, 89% (31
of 35 and 40% (14 of 35) thought that the
explanations given by the instructors and the
descriptions in the manual, respectively, were easily
understandable. Although only 21% (7 of 34) of
interns thought that they had successfully acquired
clinical skills, 71% (25 of 35) were satisfied with the
session. All 33 interns who answered question 5
indicated that they would use the clinical simulation
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laboratory for self-training in the future to a varying
degree.

A majority of medical interns actively participated
in the practical trainings in a positive fashion (Fig.
2). We received much additional feedback from
participants. The most frequent ad hoc remarks
“very
opportunity to participate in the training course,”

were as follows: appreciative of the
“felt that the time periods were too short and/or
that there was an imbalance in the training time
between the 6 different skill sets,” “usefulness for
internship,” and a request that “other skills, such as
lumbar puncture and chest tube drainage, could be
included in future programs.”

Discussion

We have described a program for the efficient
inductive training of clinical skills for newly
recruited interns and presented the results of a post
training questionnaire survey.

Simulation-based education is characterized by a
safe environment, proactive and controlled training,
trainee/team/system-centered education, feedback-
and debriefing-based education and a reproducible,
standardized objective’. In medical training, it is
impossible ultimately to avoid encountering ‘real-life’
patients if the necessary skills of health professionals
are to be acquired’. On the other hand, there is also
a responsibility to provide appropriate treatment
and to ensure patients’ safety and well-being.
Balancing these two needs represents a fundamental
ethical dilemma in medical education. Simulation-
based medical education can be a valuable tool for
reducing these ethical and practical dilemmas'.
Lynagh et al have demonstrated that clinical
simulation laboratories lead to greater improvements
in procedural skills compared with standard training
or no training at all when assessed with simulator
performance’. Therefore, initial clinical skills training
for medical interns in the early stages of their
internship must be both effective and valuable.

Because the change from medical student to
medical intern is a big cultural leap for new recruits,
orientation

organized medical programs are

indispensable for ensuring a trouble-free transition.

212

Therefore, since 2008, we have conducted training
sessions for clinical skills using a clinical simulation
laboratory and 3 small-group learning rooms, as a
component of our organized orientation programs.
The session consists of 6 training courses,
tracheal
intubation, auscultation of heart sounds, bandaging,

comprising an internal examination,
and the collection of samples of venous and arterial
blood. We selected these basic skills to correspond
with simulators in the clinical simulation laboratory
and with the core clerkships in internal medicine of
the Society of General Internal Medicine, the
Clerkship Directors in Internal Medicine in the
United States, and the training program for medical
interns in the Nippon Medical School Hospital'".

The session was efficiently carried out from the
standpoints of both human resources and the
teaching hours involved and, therefore, can be
considered to contribute to the reduction of the
overall teaching burden on instructors. Although
many medical interns valued the sessions for
comprehensibility of the instructions, the
descriptions in the manual, and the content of the
only 21% thought that they had

acquired skills. It was

training,
successfully clinical
understandable that medical interns pointed out the
shortness or the imbalance of the training time
period. However, we consider this designated time
period to be reasonable taking account of the time
restriction of the session and the concentration of
medical interns.

Although medical interns were permitted to make
free use of the clinical simulation laboratory after
completing this session and were encouraged to
continue to access the facility for voluntary skills-
training, their = subsequent utilization was
disappointing. We have implemented consecutive
training sessions, such as tracheal intubation, chest
tube drainage, and lumbar puncture, to further
promote additional clinical skills in medical interns.
Taylor has suggested that undergraduate training in
procedural  skills is inadequate and has
recommended comprehensive training programs and
techniques for quality assurance to address this
we  believe that

deficiency®.  Consequently,

mandatory supervision of key skills together with

J Nippon Med Sch 2010; 77 (4)
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opportunities to supplement the limited experience
are needed during the intern year to ensure that all
interns acquire a uniform standard of clinical
experience’.

Medical interns must continually engage in self-
training to steadily acquire basic clinical skills. The
convenience of a clinical simulation laboratory,
together with the reinforcement of training in
clinical skills during internship, is necessary to
strengthen the educational benefits of the training

session.
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It is desirable to find more appropriate therapeutic opportunities
in non-small-cell lung cancer (NSCLC) due to the current poor prog-
nosis of affected patients. Recently, several histone deacetylase
(HDAQ) inhibitors, including suberoylanilide hydroxamic acid
(SAHA), have been d to exhibit anti ivities against
NSCLC. S-1, a novel oral fluorouracil anticancer drug, has been
developed for clinical use in the treatment of NSCLC in Japan.
Using an MTT assay, we d the growth-inhibitory effect of
5-fluorouracil (5-FU), S-1, and SAHA against three NSCLC cell lines,
as well as the breast cancer cell line MCF7 which is known to be
highly to 5-FU. Combined with low-dose SAHA
enhanced 5-FU- and S-1-mediated cy icity and d in syn-
ergistic effects, especially in 5-FU-resistant cells. Both the mRNA
and protein levels of thymidy ynt (T5), dihy-
dropyrimidine dehydrogenase (DPD), and orotate phosphoribo-
syltransferase (OPRT), which are associated with 5-FU

y were lyzed in the cells undergoing treat-
ment. 5-Fluorouracil-resistant lung cancer cells displayed high
expression of TS mRNA and protein. Suberoylanilide hydroxamic
acid down-regulated TS mRNA and protein expression, as well as
repressed the rapid induction of this factor during 5-FU treatment,
in all examined cell types. We also examined the status of the Rb-
E2F1 pathway, with SAHA up i 21W21/P1 axpressi
via promoter histone acetylation; this, in turn, blocked the Rb-E2F1
pathway. We conclude that combination therapy with SAHA and
S-1 in lung cancer may be promising due to its potential to over-
come S-1 resistance via modulation of 5-FU/S-1 sensitivity-associ-
ated biomarker (TS) by HDAC inhibitor. (Cancer Sci 2010; 101:
1424-1430)

E ven though a wide range of anticancer agents have been
developed, many patients with advanced solid tumors still
exhibit poor prognosis. With respect to treatment of advanced
lung cancer, there are many anticancer agents in clinical use,
such as cisplatin (CDDP), carboplatin (CBDCA), docetaxel,
paclitaxel, vinorelbine, gemicitabine, 5-fluorouracil (5-FU)
derivatives, camptotecin-11 (CPT-11), etc. A number of combi-
nation therapy regimens employing platinum compounds have
proven to be effective and are widely applied in the initial treat-
ment for inoperative non-small-cell lung cancer (NSCLC)."?
In addition, docetaxel, pemetrexed, and epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitors have been reported
to be effective in the context of second-line chemotherapy for
NSCLC.-> However, the effect of these therapies on improv-
ing patient survival remains far from satisfactory at present. 1=
It is consequently desirable to find more appropriate therapeutic

Recently, molecular-targeted therapy in the treatment of can-
cer has made substantial progress. Histone deacetylase (HDAC)
inhibitors have been shown to acetylate the nucleosomal
histones of condensed chromatin, and cause the reactivation of
genes silenced by hyperacetylated histones.® Histone deacety-
lase inhibitors, including suberoylanilide hydroxamic acid
(SAHA), have demonstrated therapeutic benefit as monotherapy
in hematologic, breast, and bladder malignancies, as well as
mesothelioma and NSCLC, without evidence of severe adverse
events.”'? We previously examined the sensitivity of 16
NSCLC cell lines to HDAC inhibitors via an MTT assay."'” His-
tone deacetylase inhibitors displayed strong antitumor activity
against a subgroup of the NSCLC cell lines, suggesting the need
for the use of predictive markers to select patients receiving this
treatment. We have also analyzed gene expression profiles in
these cell lines using cDNA arrays to identify transcripts that cor-
relate with sensitivity to HDAC inhibitor treatment.’” We
related the cytotoxic activity of particular agents to the corre-
sponding expression pattern in each of the cell lines using a modi-
fied National Cancer Institute (NCIT) program.”? We found that
nine genes can distinguish sensitive from resistant cell lines.'
Histone deacetylase inhibitors may also be promising new agents
for the treatment of NSCLC. Recently, it has been demonstrated
that combinations of HDAC inhibi with well blished
motherapeutics can provide synergistic antitumor effects.

S-1 (composed of tegafur, 2-chloro-2,4-dihydroxypyridine
[CDHP], and potassium oxonate in the molar ratio 1:0.4:199),
which inhibits dihydropyrimidine dehydrogenase (DPD) activ-
ity, has been developed for cancer chemotherapy including the
treatment of NSCLC (Taiho Pharmaceutical, Tokyo, Japan)."'
Many studies have demonstrated that intratumoral DPD activity
affects resistance to 5-FU.'® In particular, NSCLCs may be
considered to be a tumor type that commonly displays a high
level of DPD expression, which in turn is associated with
decreased 5-FU activity. S-1 mediates its antitumor effect via
the blockage of DPD by CDHP.317) Tegafur is a prodrug that
generates 5-FU in the blood largely as a result of metabolism by
cytochrome p450 enzymes in the liver. The active metabolite of
5-FU, FAUMP, forms a covalent complex with 5,10-methylene-
trahydrofolate and thymidylate synthase (TS), resulting in inhi-
bition of DNA synthesis.®” It is well known that TS is
frequently overexpressed in cancer cells compared with normal
tissues, and that tumors with high TS expression are generally
resistant to 5-FU.(#1517:212) Thymidylate synthase expression
seems to be one of the key molecules connected with sensitivity
to S-1, DPD blocking agent. In a clinical trial of S-1 in advanced

che-
(12-14)

opportunities for this disease.
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NSCLC patients (not having received prior chemotherapy) car-
ried out in Japan, the response rate was 22% with the median
survival time being 10.2 months. > Furthermore, a phase II trial
of S-1 + CDDP combination revealed a 47% response rate and
acceptable safety profile for NSCLC patients.*” Thus, combin-
ing other agents with S-1 therapy may be a promising strategy
for NSCLC patients.

In this study, we examined the antitumor effects of 5-FU/S-1
in combination with SAHA against lung cancer cells using
an MTT assay. Combined treatment with low dosage SAHA
enhanced 5-FU/S-1 cytotoxicity, as well as provided a synergistic
effect in 5-FU-resistant cells. Using Cox multivariate regression
analysis, Nakano ef al. reported that TS, orotate phosphoribosyl-
transferase (OPRT), and DPD status to be significant prognostic
factors in respect to determining the survival of resected NSCLC
patients that were post-operatively treated with a combination of
uracil and ftorafur (UFT).®* In our study, we investigated the sta-
tus and modulation after treatment of these three molecules. The
mechanism underlying this synergy seemed to be related to
down-regulation of TS mRNA and protein by SAHA.

Materials and Methods

Cell lines. Three lung cancer cell lines and one breast cancer
cell line were used in this study, as follows: A549, PC9,
PC9/f14, and MCF7. The A549 and MCF7 cell lines were
obtained from the American Type Culture Collection (Manas-
sas, VA, USA). The PC9 cell line was obtained from IBL (Gun-
ma, Japan). PC9/f14 (A. Gemma, K. Takenaka) is a highly
metastatic subline of PC9 cells established at Nippon Medical
School Medical School using an artificial metastasis method.>

Drugs and growth-inhibition assay. Suberoylanilide hydroxa-
mic acid was purchased from Sigma. 5-Fluorouracil was pro-
vided by Kyowa Hakko (Tokyo, Japan). CDHP was provided by
Taiho Pharmaceutical. They were dissolved in dimethyl sulfox-
ide (DMSO) for in vitro studies.

We used the colorimetric MTT assay to examine the activity
of 5-FU monotherapy or SAHA monotherapy against all three
lung cancer cell lines, as well as MCF7 cells which are known
to be highly sensitive to 5-FU.“® In addition, combination ther-
apy against these lines was also examined. For these studies,
5-FU, 5-FU with SAHA, S-1 (5-FU + CDHP 1 uM), and S-1
with SAHA, were incubated with cells for 72 h. Cell suspen-
sions (200 pL, 5 x 10° cells/mL) were seeded into 96-well
microtiter plates and 10 pL of drug solution added, at various
concentrations. After incubation for 72 h at 37°C, 20 pL of
MTT solution (5 mg/mL in phosphate-buffered saline [PBS])
was added to each well and incubation then continued for a fur-
ther 4 h at 37°C. The ICs value was defined as the concentra-
tion of drug(s) needed for a 50% reduction in absorbance
(560 nm) based on cell growth curves.

Real-time RT-PCR analysis. Real-time quantitative RT-PCR
assessment of TS, DPD, and OPRT gene expression was per-
formed using the ABI Prism 7700 Sequence Detector system
(Perkin Elmer/Applied Biosystems, Foster City, CA, USA). The
PCR primers were designed using the Primer Express software
program (Perkin Elmer/Applied Biosystems). The relevant oli-
gonucleotide sequences were as follows:

TS, sense primer: tctggaagggtgttttggag, antisense primer:
cctccactggaagecataaa; DPD, sense primer: atggaggagtgtctgggaca,

i primer: ttgaggccagtgcagtagtc; OPRT, sense primer:

volume, together with the desired primers, and SYBR Green
PCR Master Mix (Applied Biosystems). The initial thermal
cycling conditions were 95°C for 10 min, as recommended by
the manufacturer, followed by 40 cycles of 95°C for 15 s and
60°C for 1 min. The level of gene expression was expressed as
ratio of the relevant mRNA in a particular sample to the level of
GAPDH mRNA in that sample. Each sample was measured at
least three times.

Western blot analysis. Western blot analysis was performed
as previously described.?” The blotted membranes were first
incubated overnight at 4°C with primary antibodies specific for
the following antigens. Antibodies to TS, DPD, and OPRT were
provided by Taiho Pharmaceutical. Antibodies against E2F1,
phosphorylated Rb, p53, p27, p16, acetylated H3, and acetylated
H4 were purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Antibodies against p21%*"/“®! and poly-(ADP-
ribose) polymerase (PARP) were purchased from Biosource
International (Camarillo, CA, USA) while those against B-actin
was purchased from Cell Signaling Technology (Beverly, MA,
USA). The membranes were then incubated with peroxidase-
conjugated secondary antibodies and protein was detected with
enhanced chemiluminescence (ECL) Western blotting detection
reagents (Amersham, Buckinghamshire, UK).

4 in il ipitation (ChIP) assay. The ChIP-IT
Express kit (Active Motif, Carlsbad, CA, USA; was used to per-
form chromatin immunoprecipitation assays.“® PC9/f14 cells
were treated with 10 pM SAHA for 24 h. Cells were treated
with 1% formaldehyde, followed by glycine stop-solution. Cells
were then collected, centrifuged at 4°C, and resuspended in lysis
buffer. After an additional 30 min of lysis and 10 strokes in a
homogenizer, nuclei were collected by 10 min of centrifugation
at 24009 and resuspended in shearing buffer.

Enzymatic shearing cocktail was added to digest DNA, facili-
tating preparation of DNA fragments ranging in size from 200 to
500 bp. After centrifugation, 10 pL of the supernatants (contain-
ing sheared chromatin) were utilized as assay input. Inmunopre-
cipitation was carried out overnight at 4°C using an incubation
mixture containing 10 pL sheared chromatin, protein G mag-
netic beads, and 3 pg of antibodies (acetylated H3, acetylated
H4; Santa Cruz Biotechnology). After centrifugati hing,
and elution, the samples were reverse cross-linked and treated
with RNase A and proteinase K. DNA (both immunoprecipitated
samples and input) was recovered by phenol/chloroform extrac-
tion and ethanol precipitation and then analyzed b?r PCR.

The primers were designed as follows: p21**"/“"! promoter
pl (285 bp), forward primer: 5-ACCAACGCAGGCGAGGG-
ACT-3’, reverse primer: 5-CCGGCTCCACAAGGAACTGA-
3%; p21™*17%P! promoter p2 (291 bp), forward primer: 5-CGT-
GGTGGTGGTGTGCTAGA-3’, reverse primer: 5-CTGTCTG-
CACCTTCGCTCCT-3".

The conditions used were 95°C for 5 min, 35 cycles at 96°C
for 1 min, annealing at 60°C for 30 s, 72°C for 1 min, and a
final extension at 72°C for 10 min.

Statistical analysis. Data are presented as mean + SE of at
Jeast three independent experiments. Statistical analysis was per-
formed using an unpaired Student’s r-test. P-values <0.05 were
considered statistically significant.

Results

compound (5-FU + CDHP), SAHA, and

Effect of 5-FU, S-1
i on cell growth in vitro. The activity of

tggcatcagtgaccttcaagecetect, antisense primer: ggaaac-
tgttgaggtt; GAPDH. sense primer: tggtatcgtggaaggacicatgac,

primer: atgccagtg: g

Total RNA was extracted from cultured cells and reverse tran-
scribed using the RevaTra Ace Kit, with a random hexamer
being used as primer (Toyobo, Osaka, Japan). A portion of the
resulting cDNA was used for quantitative PCR in a 25 pL final

Noro et al.
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5-FU against a panel of lung cancer cell lines, as well as MCF7
cells, was determined by MTT assay (Fig. 1). Clinical trials
with 5-FU/S-1 have previously shown that serum levels in trea-
ted patients reached 1-3 pM.?*) PC9 cells were moderately
resistant to 5-FU, as compared to MCF7 cells (which had previ-
ously been reported to be sensitive to 5-FU).%® A549 cells

Cancer Sci | June2010 | vol. 101 | no.6 | 1425

© 2010 Japanese Cancer Association



@ ., 5-FU

120

106
% oo
S se

. mm B

MCF7 ASdE PCe PCofla

®) 1 SAHA

BACFT A53¢ 28] [2EEE)

were also shown to be quite resistant to 5-FU (Fig. la).
PC9/f14 cells were ~4.5-fold more resistant than their parental
cell line, PC9 (Fig. 1a). Next, we examined the efficacy of
SAHA against the same cell lines. Clinical trials with SAHA
(Vorinostat) showed previously that serum levels in treated
patients reached 0.43-2.98 pM.7® In a similar vein to 5-FU
response data, PC9/f14 and A549 cells were found to be resis-
tant to SAHA, while MCF7 and PC9 were comparatively sensi-
tive to this agent (Fig. 1b). For the purpose of determining a
clinical setting for a SAHA and S-1 combination, we examined
the growth-inhibitory potential offered by 5-FU monotherapy,
S-1 compounds (5-FU + 1 pM CDHP) with or without low
dose (1 pM) SAHA. One pM CDHP was within the serum con-
centration range found in clinical dosage within S-1-treated
patients. Combination with SAHA significantly enhanced the
growth-inhibitory effect of 5-FU, as compared to 5-FU mono-
therapy, in all examined cell lines. Similarly, S-1 compound
(combination with CDHP) significantly enhanced the growth-
inhibitory effect of 5-FU, as compared to 5-FU monotherapy,
in PC9 and PC9/f14 cells (P < 0.05) (Fig. 2a). The combina-
tion of S-1 compounds (5-FU + CDHP) with SAHA signifi-
cantly promoted the growth-inhibitory effect, as compared to
S-1 compound (5-FU + CDHP) monotherapy, in A549 and
PC9/f14 cells (P < 0.05) (Fig. 2a). These results indicated that
the combination of S-1 and SAHA had a synergistic effect in
certain cell types, especially in 5-FU-resistant cells. In PC9/f14
cells, each result was expressed as a ratio of MTT reduction in

Fig. 1. Effect of 5-fluorouracil (5-FU) and sub ilide hy

acid (SAHA) on cell growth in vitro. An MTT assay was used to
investigate effects on cell viability mediated by 5-FU and SAHA. Cells
were seeded into 96-well plates and treated with various doses of 5-
FU and SAHA for 72 h, and then incubated with MTT reagent for 4 h.
Cell viabilities were determined by measuring absorbance at 560 nm.
The ICso value was defined as the concentration of drug(s) needed for
a 50% reduction in absorbance (560 nm) based on cell growth curves.
Points, mean of at least three independent experiments; bars, SE.
Note: The PC9/f14 cell line is a highly metastatic derivative of PC9
cells established at Nippon Medical School using an artificial
metastasis method®@®.
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treated ples compared with the untreated sample (100%)
for 5-FU alone or compared with the 1 pM SAHA-treated sam-
ple (92.4% and 87.0% of untreated samples [see Fig. S1]) for
5-FU therapy after SAHA 1 uM treatment, and concurrent ther-
apy with SAHA 1 pM (see Fig. S1, Fig. 2b). The ICso values
of 5-FU therapy after SAHA 1 pM treatment and concurrent 5-
FU therapy with SAHA 1pM were 31.7 £ 842 pM and
30.4 £ 5.27 pM, whereas that of 5-FU monotherapy was
99.7 +26.7 pM.

These combination therapies significantly enhanced 5-FU
sensitivity approximately threefold, as compared to 5-FU

Fig. 2. Effect of combination therapy with 5-
fluorouracil ~ (5-FU)/S-1  and  suberoylanilide
hydroxamic acid (SAHA) on cell growth in vitro. (a)
Indicated non-small-cell lung cancer (NSCLC) cells
were treated with 5-FU or S$-1, a compound
composed of 5-FU and 2-chloro-2,4-dihydro-
xypyridine (CDHP) (1 pM), in combination with
SAHA (1 uM). MTT assay was performed 72 h after
addition of indicated drugs. ICsp was defined as the
drug concentration required to inhibit cell
proliferation by 50% compared with that of
untreated control cells. Data represent the mean
value of ICsp+SE of three independent
experiments in triplicate. *P < 0.05 compared to 5-
FU alone. **P < 0.05 compared to S-1 alone. (b) 5-
Fluorouracil therapy for 72 h after low-dose SAHA
treatment (1 pM) for 24 h, and concurrent therapy
for 72 h, was examined in PC9/14 cells. Each result
is expressed as cell viability in treated samples
compared with the untreated sample (100%) for 5-
FU alone or compared with the 1 pM SAHA-treated
sample (92.4% and 87.0% of the untreated sample;
Fig. 1) for 5-FU therapy after 1uM SAHA
treatment, and concurrent therapy with 1 uM SAHA
treatment. Data represent the mean value of
cell viability = SE of three independent experiments
in triplicate; *P <0.05 compared to 5-FU mono-
therapy.
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monotherapy, in PC9/f14 5-FU-resistant cells (Fig. 2b). These
results indicate that the combination of 5-FU with SAHA could
have a synergistic growth-inhibitory effect against PC9/f14
cells.

5-Fluorouracil-resistant lung cancer cells display high levels of
TS mRNA and protein expression. The expression level of TS,
OPRT, and DPD mRNA in the lung cancer cell lines and MCF7
cells was quantified by real-time RT-PCR analysis (Fig. 3a).
Thymidylate synthase mRNA expression in PC9/f14 cells,
which are 5-FU resistant, was about 45 times the level of that
seen with MCF7 cells, which are 5-FU sensitive. MCF7 cells

(@ |
.
b,
Fig. 3. Correlation of  5-fluorouracil  (5-FU) £
sensitivity with expression of factors related to 5-FU
metabolism in cancer cell lines. The expression of
thymidylate synthase (TS), orotate phospho-
ribosyltransferase (OPRT), and dihydropyrimidine
dehydrogenase (DPD) mRNA and protein was
determined by real-time RT-PCR and western blot ®)

have wild-type g53 status, while PC9 and PC9/f14 cells contain
mutated p53°%*" (Fig. 3b-1). By western blot analysis, the
expression of TS protein also increased inversely in relationship
to 5-FU sensitivity (Fig. 3b). Expression of OPRT and DPD pro-
tein did not correlate with 5- FU sensitivity (Fig. 3b).

ylanilide h acid di TS mRNA and
protein expression in lung cancer cells. We examined the levels
of TS, OPRT, and DPD mRNA and protein expression follow-
ing SAHA treatment of PC9/f14 cells in order to identify key
mechanism(s) underlying the synergistic growth-inhibitory
effect mediated by combination of S-1 compounds + SAHA.

analysis, respectively, in lung cancer cell lines, as
well as MCF7 cells. (a) The level of gene expression
was expressed as ratio of the relevant mRNA in a
particular sample to the level of GAPDH mRNA in
that sample. The ratio was compared to the
corresponding expression level observed in MCF7
cells. Points, mean of at least three independent
experiments; bars, SE. (b) Expression of TS, OPRT,
and DPD proteins were determined by western blot
analyses. Quantitative analyses of protein R
expression ([TS, OPRT, and DPD]/B-actin) was " h

examined using NIH image software. ’
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Fig. 4. Effect of suberoylanilide hydruxamlc acid (SAHA) treatment on expression of the factors related to 5 fluorouracil (5-FU) metabolism and

the expression of thymidylate synthase (TS) in cancer cell lines after 5-FU

herapy and SAHA ¢ therapy. (a) The effect of SAHA

treatment for 24 h on TS, orotate phosphoribosyltransferase (OPRT), and dihydropyrimidine dehydrogenase (DPD) mRNA and protein expression
in PC9/f14 cells was examined by real-time RT-PCR and western blot analyses, respectively. (1) For the different doses of SAHA used, the level of
gene expression was expressed as a ratio of the relevant mRNA to the level of GAPDH mRNA. Points, mean of at least three independent
experiments; bars, SE. (2) Expression of TS, OPRT, and DPD proteins, following exposure to different doses of SAHA, were determined by
western blot analyses. (b) PC9/f14 and MCF7 cells were incubated with various doses of 5-FU and SAHA (1 uM) for 24 h. Thymidylate synthase
expression was detelmlned by western blot analysis. A rapid increase in TS protein expression was observed after the exposure to 5-FU.
Suberoy y acid d 5-FU- i induction of TS protein.
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