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Abstract

background: The effect of current therapies in improving the survival of lung cancer patients
remains far from satisfactory. It is consequently desirable to find more appropriate therapeutic
apportunities based on informed insights. A molecular pharmacological analysis was undertaken to
design an improved chemotherapeutic strategy for advanced lung cancer.

Methods: We related the cytotoxic activity of each of commonly used anti-cancer agents
{docetaxel, paclitaxel, gemcitabine, vinorelbine, 5-FU, SN38, cisplatin (CDDP), and carboplatin
{CBDCA)) to corresponding expression pattern in each of the cell fines using a modified NCI
program.

Results: We performed gene expression analysis in lung cancer cell lines using ¢<DNA filter and
high-density oligonuclectide arrays. We also examined the sensitivity of these cell lines to these
drugs via MTT assay. To obtain our reproducible gene-drug sensitivity correlation data, we
separately analyzed two sets of lung cancer cell lines, namely 10 and {9, In our gene-drug
correlation analyses, gemcitabine consistently belonged to an isolated cluster in a reproducible
fashion. On the other hand, docetaxel, pachitaxel, 5-FU, SN-38, CBDCA and CDDP were gathered
together into one large cluster.

Conclusion: These results suggest that chemotherapy regimens including gemcitabine should be
evaluated in second-line chemotherapy in cases where the first-line chernotherapy did not include
this drug. Gene expression-drug sensitivity correlations, as provided by the NCI program, may
yield improved therapeutic options for treatment of specific tumor types.
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Background

While vatious anti-cancer drugs have been developed,
many patients with solid tumors still exhibit poor progno-
sis. Accordingly, it is now important to determine the
appropriate use of such drugs clinically. With respect to
treatment of lung cancer, there are many anti-cancer
agents in use, such as cisplatin (CDDP), carboplatin
(CBDCA), docetaxel, paclitaxel, vinorelbine, gemicitab-
ine, 5-flucrouracil (5-FU), CPT-11, etc. A number of com-
bination therapy regimens employing platinum
compounds have proven to be effective[1] and are widely
applied to initial treatment for unresected non-small cell
lung cancer (NSCLC)[2]. In addition, docetaxel and
pemetrexed have been reported to be effective in the con-
text of second-line chemotherapy for NSCLC[3,4]. How-
ever, at present, the effect of these therapies on improving
patient survival remains far from satisfactory [1-3]. It is
consequently desirable to find more appropriate thera-
peutic opportunities based on informed insights. With the
recent near-completion of the human genome sequence,
genome-wide gene expression profiling through both
<DNA and oligonuclectide armrays has been greatly facili-
tated [5-7]. There are many reporis associated with isola-
tion of molecules involved in drug sensitivity {8-10]. Of
particular relevance was the use of DNA array-based meth-
odology by the National Cancer [nstitute (NCI) to assess
the gene expression profiles of 60 human cancer cell lines
of diverse tissue origin {NCIS0 set), with a view to deter-
mining associations with the extensive drug sensitivity
data accumulated on this cell line cohort so far]11}. The
NCIS0 gene expression study was analogous in some
sespects to assessment of clinical tumors for markers that
predict sensitivity to therapy. The essential aim of this
study was to utilize similar advanced gene expression pro-
filing technologies and drug sensitivity assays to aid in the
selection of appropriate drug combinations for the treat-
ment of lung cancer. We performed gene expression anal-
ysis in lung cancer cell lines using ¢cDNA filter and high-
density oligonucleotide arrays. We also examined the sen-
sitivity of these cell lines to commonly used anti-cancer
agents (docetaxel, paclitaxel, gemcitabine, vinorelbine, 5-
FL1, SN38, cisplatin (CDDP), and carboplatin {CBDCA))
via MTT assay. We related the cyiotoxic activity of each of
these agents to the comesponding expression pattern in
each of the cell lines using a modified NCI program. To
obtain our reproducible gene-drug sensitivity correlation
data, we separately analyzed two sets of lung cancer cell
lines, namely 10 and 19,

Methods

Clustering on the basis of drug activity and gene expression
patterns

Cell fines

We analyzed the expression profiles and sensitivity to
anti-cancer drugs of separate two sets of lung cancer cell

http:/Aiwww biomedcentral.com/1471-2407/6/174

Hnes. The first set consisted of PCY, PC7, PC14, AS549,
Lu63, LK2, H69, N231, Lul35, and SBC3 (Set 1}. The sec-
ond consisted of RERF-LC-K], RERF-LC-MS, RERF-LC-Al,
PC1, PC3, PC6, PC10, Lul30, Lul39, Lul6s, ABC-1, EBC.-
1, LC2/ad, LC1/sg, LC-1T, 8Q5, QG56, MS-1, and SBCS
(Set 2). The PC1, PC3, PCe, PC7, PCY, PC10, PC14, and
QG56 cell lines were obtained from IBL (Gumma, Japan),
The A54%9, NCI-H69, and NCI-N231 cell lines were
obtained from the American Type Culture Collection
(Rockville, MD}[12]. The Lu65 and Lul35 cell lines were
provided by Y. Shimosato and T. Terasaki {National Can-
cer Center Research Institute, Tokyo, Japan)[12}]. The LK-
2 and SBC-3 cell lines were obtained from the Health Sci-
ence Research Resources Bank {Osaka, Japan). PC1, PC3,
PCG, PC10, Lui30, Lul39, and Lul65 cell lines were pro-
vided by S. Hirohashi {National Cancer Center Research
Institute, Tokyo, Japan). RERF-LC-KJ, LC2/ad, SQ5, LC1/
sq, LC-1F, RERF-LC-Al, and MS-1 cell ines were obtained
from the RIKEN Cell Bank (Ibaraki, Japan). RERF-LC-MS,
EBC-1, SBCS, and ABC-1 cell lines were purchased from
the Health Science Research Resources Bank (Osaka,
Japan). PC7, PC9, PC14, A549, Lu65, RERF-LC-K], RERF-
LC-MS, PC3, ABC-1, and LC2/ad are adenocarcinoma cell
lines. LK-2, RERF-LC-Al, PC1, PC10, EBC-1, LC1/sq, LC-
1F, 8Q35, and QG56 are squamous cell cancer cell lines.
NCI-HG9, NCI-N231, Lul35, SBC-3, PC6, Lul3(, Lul3g,
Lulés, MS-1, and SBCS are small cell lung cancer cell
lines,

Assay for drug activity

Estimation of cytotoxicity in the above-mentioned cell
types was mediated by a rapid colorimetric assay for mito-
chondrial dehydrogenase activity, as previously
described[13]. Briefly, cells were seeded into 12-well
plates (Falcon, Lincoln Pask, Nj). Following 24 hr expo-
sure to particular anti-cancer agents, the cells were washed
twice and incubated for a further 24 hr in drug-free
medium, Subsequently, the cells were incubated with 0.5
mg/mlL  3-{4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetra-
zolium bromide (MTT) for 4 hr. The blue formazan crys-
tals, formed by viable cells, were solubilized by the
addition of 10% n-dodecylsulfate sodium salt {SDS) in
0.01N HCI followed by overnight incubation. Samples
were then subjected to spectrophotometric analysis at 560
nm ({Ultraspec 4050; LKB, Bromma, Sweden).

RNA isolation, cDNA array hybridization and analysis of
hybridization signals

Total RNA was isolated from each cell line using standard
protocols described previcusly[14,15]. To avoid varia-
tions due to cell culture conditions, we cultured each
untreated cell line separately in 6 different flasks. mRNA
was then purified from total RNA by incubation with
oligo-d1-magnetic beads (Toyobo Co., Osalea, Japan}{16].
The ElectorGene Array System {GeneticLab. Co., Ltd. Sap-
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poro, Japan) was used for filter-based ¢DNA amray analy-
sis, as previously reported[16]. Thirteen hundred species
of human DNA fragments are spotted in duplicate on a fil-
ter. The genes represented on this filter included cancer-
related and drug resistance-associated genes, as well as
housekeeping genes and non-mammalian genes as nega-
tive controls. To prepare the probes, reverse transcription
was performed using Reverse Transcriptase, ReverTraAce
(Toyobo Co., Osaka, Japan), together with a random 9
mer (Toyobo Co., Osaka, Japan) as the primer and 5 pg of
polyA RNA. The probes were labelled with biotin by
incorporation of biotin-16-deoxyuracil triphosphate
{dUTP) during the synthesis of ¢cDNA. The filters were pre-
incubated in 20 ml of PerfectHyb (Toyobo Co., Osaka,
Japan) at 68°C for 30 min, The biotin-labeled probes
were denatured and added to the pre-hybridization solu-
tion. The filters were incubated overnight at 68°C in the
hybridization mixture. After washing, specific signals on
the filters were detected by the Imaging High - Chemi-
lumi - Detection kit (Toyobo Co., Osaka, Japan). CDP-
Star substrate (Tropix, Bedford, MA) was used as the
chemiluminescence substrate. A chemiluminescence
image of the filter was acquired by Fluor-$ (Bio-Rad, Her-
cules, CA). The gene expression images were quantified by
measuring the intensity of the signals using imagene (Bio-
Discovery, Los Angeles, CA). The signal intensity among
filters was analyzed by ElectorGene Finding System
(GeneticLab, Sapporo, Japan). The background threshold
was set at a level of 3-fold higher than the negative con-
trol. Signal intensities were normalized by comparison
with the average values of all probe. We also performed
high-density oligonucleotide array analysis using Affyme-
trix GeneChip technology (Affymetrix, Santa Clara, CA).
This oligonucleotide microarray contains 22,282 tran-
scripts (HG-U133A, Affymetrix, Santa Clara, CA). Total
RNA was used to synthesize double-strand cDNA with
ReverTraAce and a T7-(dT)24 primer {Metabion, Ger-
many). Then, biotinylated cRINA was synthesized from the
double-stranded cDNA using the RNA Transcript Labeling
kit (Enzo Life Sciences, Farmingdale, NY) and was puri-
fied and fragmented. The fragmented ¢cRNA was hybrid-
ized to the oligonucleotide microarray, which was washed
and stained with strepravidine-phycoerythrin. Scanning
was performed with an Agilent Microarray Scanner (Agi-
lent Technologies, Palo Alto, CA). GeneChip analysis was
performed based on the Affymetrix GeneChip Mannual
(Affymetrix lnc, Santa Clara, CA) with Microarray Analy-
sis Suite (MAS) 5.0, Data Mining Tool {DMT) 2.0, and
Microarray Database software. The data we generated by
GeneChip was deposited in Gene Expression Omnibus
{GEOYHGEO accession: GSE4127)(17).

Data analysis
We performed data cleansing for filter arrays as follows.
Firstly, the gene expression matrix [T] was scaled by using

http/fwww. biomedcentral.com/1471-2407/6/174

the average of all probe sets. Each of the filter arrays con-
tained three spots of negative control (plIC), so we fig-
ured out their average signal value M, We defined 3 M as
the threshold value, and transformed the numerica) signal
values < 3 M to "Nan” (not a number). After omitting the
rows holding "Nan® more than one, we selected 600
genes for this analysis. Data analysis for the correlation
coefficients that related the drug activity patterns to the
expression patterns of the genes was principally per-
formed by a modified NCI program{11]. The symbol [A]
(Glgg) refers to the drug activity matrix in which the rows
represent the anti-cancer drugs and the columns represent
the human lung cancer cell lines. The symbol [T} (gene
expression) refers 1o the gene expression matrix in which
the rows represent individual genes and the columns rep-
resent the cell lines. In order to analyze the relationship
between gene expression and drug activity, we generated
the gene-drug correlation matrix [AT] {correlation coeffi-
cient) in which the rows represent the genes and the col-
umns represent the drugs. Firstly, we subtracted its mean
value from the matrix [A] in the direction of row and col-
umns for a pre-treatment. Secondly, we normalized each
element in the matrix [A] by subtracting its row-wise
mean and dividing by its row-wise standard deviation;
normalized [T} was generated in a similar way. Finally, we
took the inner product of the matiix [A] and the transpose
of the matrix [T]. The resulting matrix [AT] implied the

Peatson comelation coefficients (Xl} that reflected the
relationship between drug activity and gene expression.

( >:41) The Pearson correlation coefficient ris given by the
formuia

_ 1 & Ah—g 'IL—T
e R

1 & _ _
E%(Ak -A)(T, -T)

1

\/i—i(Ak—ZJZJLZ(Tk—T)z

n—lk=1 n—lk=1
@ : the standard deviation of X
X :the mean of X

Hierarchical clustering helps to comprehend a characteris-
tic of huge volumes of data. With cluster analysis, the ele-
ments are divided into groups that show similar patterns
by calculating the distances between their respective 1ows
and columns, The AT-clustered image map {CIM), indi-
cating the correlation coefficients between gene expres-
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Table 1: Growth inhibitory activities (GI50}(ug/ml) of various anti-cancer agents against 10 human lung cancer cell lines - Set |

Drug

PC7 PC% PCl4 AS49 Lués LK-2 H69 N231 Lut3s SBC-3
CcDDP 4.55 3.53 286 546 339 4.72 1.64 1.2% 022 4.84
SN3g 5,05 345 3.79 6.80 048 4.25 0.77 0.65 0.05 0.07
VIN 264 1.43 >0 >10 0.06 0.02 0.02 ¢.0t 0.02 0.51
DOC 246 21.34 20.38 2131 3.61 2631 472 6.04 0.53 >50
GEM <0.05 14.28 >500 >500 79.53 54.61 373 3.e8 <0.05 <0.05
SRJ 276 5.84 >10 >10 476 >10 i >|0 5.68 0.51
CBDCA 95 70 >100 46.3 71 0.225 7.54 45 6l 3.5
PAC 67 39 34 51 34 20 <0.001 7 35 0.5

sion and drug sensitivity in the 10 human lung cancer cell
lines, was obtained by the linkage.average clustering
method, also known as UPGMA (un-weighted pair-group
method using arithmetic average). The statistical algo-
rithms and the graphical outputs described here were
implemented in MATLAB 6.5 Release 13 (the MathWorks,
Inc., US).

Results

Clustering an the basis of drug activity and gene expression
potterns

We used filter-based DNA arrays, representing 1,302 can-
cer-related and drug resistance-associated genes, and
Affymetrix GeneChip technology to perform gene expres-
sion profile analysis of 10 human cancer cell lines. To
avoid the influence of cell culture conditions, we sepa-
rately cultured each cell line in 6 bottles|16]. The controls
including GAPDH, B-actin genes, were located in dupli-

£A) filter Array Data

(M) Altymetrix Data

Figure |

Clustered image map (CIM) relating drug activity to gene
expression in fung cancer cell lines — Experiment 1. (A) using
fitter array, (B) using GeneChip. The cluster trees of drugs {y
axis) and gene expression {x axis) were shown in the CIM.
Each block of cofors represents correlations between clus-
ters of genes and drugs; red {high positive correlation) and
blue {hegative correlation). In this analysis, gemcitabine
belonged to an isofated cluster {Fig. | A,B). GEM; gemcitab-
ine, PAC; padiitaxel, DOC; docetaxel, VIN; vinorelbine

cate at the outer line in the opposite angle. A standard
curve was obtained by the calculation of serial diluted
spots of GAPDH. The expression level of each gene was
calculated by comparison with the internal standard.
Drug sensitivity tests, namely by MTT analysis, were per-
formed on the 10 tung cancer cell lines. Eight anti-cancer
drugs currently used for lung cancer chemotherapy;
docetaxel, paclitaxel, gemcitabine, vinorelbine, 5-FU,
SN38, CDDP, and CBDCA, were selected for our analyses.
Table 1 shows the growth inhibitory activities (G150) lev-
els of these anti-cancer agents against the lung cancer cell
lines. We then analyzed the gene expression profiling data
in relation to the activity profiles of the 8 drugs examined.
The drugs were clustered on the basis of Pearson correla-
tion coefficients that related their activity patterns across
the 10 cell lines to the expression pattern of the genes in
the cell lines[11]. The AT-matrix clustered image map
{CIM) summarized the relationship between drug sensi-
tivity and gene expression, as it allows the visualization of
patterns of similarity in large sets of high-dimensional
data (Fig. 1B)[16]. In this analysis, gemcitabine were
located in separate clusters (Fig., 1A). We performed an
analogous gene expression profiling screen using Affyme-
trix GeneChip arrays, receiving the same results with
respect to drug clusters (Fig. 1B). The results of the analy-
sis of NSCLC cell lines was similar to that seen with all
lung cancer cell lines {Figure 2A,B}. However, it is some-
times difficalt to consistently reproduce data of the gene-
drug sensitivity correlation using cDNA array technique
and clinical response data. To obtain reproducible data,
we separately performed Affymetrix GeneChip array-
based gene expression profile analyses and sensitivity tests
on another set of 19 human lung cancer cell lines and
examined the sensitivity of these separate sets to 8 com-
monly used anti-cancer agents. Table 2 shows the GI50
levels of these anti-cancer agents against the lung cancer
cell lines (Set 2) [see Additional file 1]. The drugs were
clustered using Set 2, 19 cell lines (Set 2)[11]. In this anal-
ysis, gemcitabine was again located in separate clusters
(Fig. 3A). The results of the analysis of NSCLC cell lines of
Set 2 was also similar (Fig. 3B). Several genes, were com-
monly listed that differentiated gemditabine from the oth-
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{B) Alfymelrix Data

(A} filier Array Dats

Figure 2

Clustered image map {CIM) relating drug activity to gene
expression in NSCLC cell lines — Experiment 1. (A) using fil-
ter array, (B) using GeneChip. The cluster trees of drugs {y
axis} and gene expression (x axis) were shown in the CIM.
Each block of colors represents correlations between clus-
ters of genes and drugs; red (high positive correlation} and
blue (pegative correlation). In this gemcitabine belonged to
an isclated cluster (Fig. 2A,B). GEM; gemcitabine, PAC; pacli-
taxel, DOC; docetaxel, VIN; vinorelbine

ers in Sets 1 and 2. These were a LEMT1 domain
containing gene [Accession No, NM_015416), a dehydro-
genase gene (Accession No. AL050217), and a gene of
homo sapiens hypothetical protein (Accession No.
NM_016402). A LEMT1 domain containing gene was
reported to contribute to neoplastic cellular transforma-
tion[18]. A dehydrogenase gene constitutes a large protein
family of NAD(P)(H)-dependent oxidoreductase{19}. A
gene of homo sapiens hypothetical protein is similar to a
heat shock 70kDa protein 8 isoform[20]. Presently, their
functions involved in drug sensitivity remains unclear.

Discussion

Here, we used a DNA array-based gene expression profil-
ing approach, together with assessment of the cytotoxc
activity of several widely applied anti-cancer agents, in
two collections of human lung cancer cell lines, In partic-
ular, we related gene expression and drug sensitivity pat-
terns in these cell lines. According to our separate two
combined cytotoxicity and transcriptomic analyses, gem-
citabine belonged to an isolated cluster. These results
would suggest that combination chemotherapy regimens
including gemcitabine could be a candidate for initial
treatment, because combinations of drugs belonging to
different clusters could expand the spectrum of the chem-
otherapy. Gemcitabine was deemed from our studies to
be a good candidate for the treatment of recurrent or
refractory NSCLC. Recently, an in silico search was per-
formed to identify genes whose expression was positively
orf negatively comrelated with sensitivity to four platinum
compounds (CDDP, CBDCA, oxaliplatin and tetraplatin);

hitp:/Aww. biomedcentral.com/1471-24077/6/174

the publicly available databases of the National Cancer
Institute (NCI}{21) were used for this purpose{22].
CDDP, CBDCA, oxaliplatin and tetraplatin are platinum-
based compounds that ate classically thought to have a
similar spectrum of activities, allowing for one agent to be
substituted for the other[23]. Important similarities were
noticed between CDDP and CBDCA on one hand, and
tetraplatin and oxaliplatin on the other hand[22]. The
gene-drug correlations using NCI program in these study
may be a valuable tool for the identification of determi-
nants of anticancer drug activity in tumoss and for the
design of cancer chemotherapy.

Vekris et al. described several limitations to the type of
study that they have developed. 1. The evaluation of gene
expression was performed on a subset of 1416 genes and
molecular markers. 2. The level of expression of the 1416
molecular markers was determined with a technique that
was still under development and not fully validated. 3.
The criterion for drug cytotoxicity that has been retained
by the NCI is the 50% growth inhibitory concentration
(GI50) rather than the overall number of cells killed.
There were several differences between the study of Vekris
et al. and ours, most notably with respect to the cell lines
analyzed in each case. Our study focused on lung cancer
cell lines, whereas Veluis et al. utilized available informa-
tion on the NCIG0 set, a wide range of cancer cell
linesf22]. The evaluation of gene expression by Veluris et
al. was performed on a subset of 1,416 genes, which rep-
resents a relatively small fraction of the total transcrdip-
tome. We analyzed gene expression using two different

(A} ATl lung cancer coll lines

(B} NSCLC cell lines

Figure 3

Clustered image map (CIM) relating drug activity to gene
expression in lung cancer cell lines using GeneChip — Experi-
ment 2. (A) all lung cancer cell lines, {B) NSCLC. The cluster
trees of drugs {y axis) and gene expression (x axis) were
shown in the CIM. Each block of colors represents correla-
tions between clusters of genes and drugs; red (high positive
correlation} and blue (negative correlation). In this analysis,
gemcitabine belonged to an isolated cluster (Fig. 3A,B). GEM;
gemcitabine, PAC; paclitaxel, DOC; docetaxel, VIN; vinorel-
bine
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DNA array formats, namely spotted filter (data not
shown) and genome-wide GeneGhip arrays, with similar
results being obtained. In addition, we separately ana-
Iyzed two sets of lung cancer cell lines, 10 and 19 lines to
obtain our reproducible gene-drug sensitivity correlation
data.

Using ¢cDNA array technique and clinical response data, it
is sometimes difficult to consistently reproduce gene-drug
sensitivity correlation data, These data were often influ-
enced by sampling methods, sample preservation status,
tumor size, tumor environment status including tumor
vessels and inflammation, etc. In the study of Vekris et al.
and ours, these influences were small because cancer cell
lines were used, However, cell lines differ from tumor cells
and should therefore be considered as sumogates that may
contain information on the molecular cell biology and
molecular pharmacology of cancer.

In the treatment of lung cancer, a number of combination
therapy tegimens employing platinum compounds have
proven to be effective[1] and are widely applied as first-
line treatment for unresected NSCLC; for example, CDDP
+ docetaxel, CBDCA + paclitaxel, CDDP + gemcitabine,
CDDP + CPT-11, CDDP + paclitaxel, CDDP + vinorelbine,
etc[2]. In addition, docetaxel and pemetrexed have been
reported to be effective in the context of second-line
chemotherapy for NSCLC[3,4]. However, how were the
anti-cancer agents in these reports selected? It is conse-
quently desirable to find more appropriate therapeutic
opportunities based on informed insighis.

Conclusion

The results of our molecular pharmacological analysis
suggest that chemotherapy regimens including gemditab-
ine should be evaluated in second-line chemotherapy if
the initial chemotherapy does not include this drugs. A
total design approach to cancer chemotherapy through
the gene-drug correlations using NCI program may yield
improved therapeutic options.
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Abstract. The INGI gene is involved in the regulation of the
cell cycie, senescence, and apoptosis and is a novel candidate
tumor suppressor gene. INGZ, another gene in the ING
family, was identified and cloned. The functions of INGJ and
ING2 largely depend on the activity of p33. To determine
whether an alteration in these genes plays a role in carcino-
genesis and tumor progression in lung cancer, we screened
30 human lung cancer cell lines and 31 primary lung cancer
tumors for mutations in these genes using polymerase chain
reaction-single strand conformation polymorphism (PCR-
SSCP) and direct sequencing. Our findings failed to uncover
any mutations in these genes. We also examined the expression
of INGI and INGZ in lung cancer cell lines that either had or
lacked 2 p53 mutation, and in a control bronchial epithelium
cell line, using guantitative real-time reverse transcription-
polymerase chain reaction (RT-PCR). ING/ expression was
up-regulated in all 7 lung cancer cell lines that had a p53
mutation, while the expression of ING2 was down-regulated
in 6 of 7 lung cancer cell lines that had a p33 mutation. These
results suggest that the INGI and ING2 genes have different
roles in Jung carcinogenesis and progression, and the ING2
gene may be an independent tumor suppressor candidate on
p33.

Introduction

Human cancers develop as a result of the stepwise
accumuiation of multiple acquired genetic defects that include

Correspondence to: Dr Akihiko Gemma, Fourth Department of
Internal Medicine, Nippon Medical School, 1-1-5, Seadagi,
Bunkyo-ku, Tokyo, 113-8602, Japan

E-mail: agemma@nms.ac.jp

Key words: ING1, ING2, lung cancer, polymorphism, mRNA
expression

mutations in tumor suppressor genes. A mutation in the p33
tumor suppressor gene is the most frequently identifiable
defect in human cancers (1). Other candidate tumor suppressor
genes have been cloned and are referred to as ING (2). ING1,
which is located on chromosome 13¢ 33~34 (3} and was
found to encode a nuclear protein, consists of exons la, 1b,
and 2 (4). Four alternatively spliced transcripts of ING/
encode INGla, INGIDb, INGic and INGid (4-6). ING2
was cloned and mapped to human chromosome 4q335 by
fluorescence in sitn hybridization and radiation-hybrid
analyses (GenBank accession no. AF053537) (7.8). Over-
expression of INGI and ING2 led to growth arrest in the Gl
phase of the cell cycle and induced apoptosis in several cell
types (2,8,9) that largely depend on the activation of p53
(8,10). ING family proteins contain a region that is homologous
to plant homeodomain (PHD) finger domains and have been
implicated in chromatin-mediated transcriptional regulation
(2,11).

ING] gene mutations are rare in many human cancers,
and no report exists on ING2 gene mutation analysis in
human cancers. Reduced expression of the INGI gene has
been reported in breast (12) and gastric cancers (13), and in
Iymphoid malignancies (14).

To determine whether alterations in the /ING1b and/or
ING2 genes are involved in lung carcinogenesis, lung cancer
cell lines and primary tumors were examined for such
mutations using polymerase chain reaction-single strand
conformation polymorphism (PCR-SSCP) and DNA sequence
analysis. In addition, the expression of INGIb and ING2 was
analyzed in lung cancer cell lines using real-time quantitative
reverse transcription {(RT)-PCR.

Materials and inethods

Tissue samples. Primary lung cancers (n=31) and matched
control samples were obtained during autopsy of patients
previously been admitted to the Fourth Department of Internal
Medicine at the Nippon Medical School Main Hospital in
Tokyo, Japan, and immediately frozen at -80°C. The samples
included 14 adenocarcinomas, 8 squamous cell carcinomas
(SCCs), 6 small cell lung cancers (SCLCs), 2 large cell
carcinomas, and 1 adenosquamous cell carcinoma.
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Table 1. Sequence of the polymerase chain reaction (PCR) primer used for amplification of the indicated exons in INGIb and

ING2.
Exon Sense primer sequence Anlisense primer sequence
INGIb
Exon 1 TGCAGTGCTATTTTTTGAGGGG CGCCCCCGCCCATCCATCA
Exon 2 a ACGCCTGTCCTTCTTGCCCC CTTGCCGCTGTTGCCCGCTG
b TTCGAGGCGCAGCAGGAGCT CTTGGCCTTCTTCTCCTTGGG
c CAGCAACCACGACCACGACG TGAGCCCCACGCACGAGAAG
d CCTCCCCATCGACCCCAACG ACATTTTACACTCCTTGCACCTCA
ING2
Exon | TGCATGTGCGGCTGCTGGATG TGTCACGGGAGAAAGGGAAG
Exon 2 a CCTYGGAAATGTTGTGTCTGC TTCTGGTTGGCTGGAATCC
b TGCTGAAAGTGAACGAGCCTC TCCTATCATCTCCCCATAAGACAC
c AAAGAAACGCTCCAAGGC CCCTTTAAAATGTGGATGGCC

Table II. Sequence of primer and probe used in the real-time reverse transcription-polymerase chain reaction (RT-PCR)

indicated gene.

Gene Sense primer sequence Antisense primer sequence Probe sequence

INGlb  CGAAATACCAAGAGATCCTGAAGG TGCGCCCCGTCTGTCT ACGAGTGCTACGAGCGCTTCAGTCG
ING2 GGACTACCTTGAGTGCGTGGA TCGCAGCACAGACACGTTC TCGCTGCCCCACGACATGCA
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTC CAAGCTTCCCGTTCTCAGCC

GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Lung cancer cell lines. A total of 15 human non-smali cell
lung cancers (PCI1, PC3, PC7, PC9, PC10, PC13, PC14,
Lu65, Ad427, A549, NCI-H23, NCI-H157, NCI-H358, NCI-
H441, and NCI-H520) and 15 human small cell lung cancers
(Lu24, Lul30, Lul34, Lul33, Lul38, Lul39, Lul40, Lul4dl,
NCI-H69, NCI-H82, NCI-H526, NCI-N230, NCI-N231,
NCI-N417, and SBCS5) were used for DNA analysis (15).
The Lu24, Lu65, and Lul35 cell lines were provided by Dr
Y. Shimosato and Dr T. Terasaki (National Cancer Center
Research Institute, Tokyo, Japan). The NCI-N231, A549,
A427, NCI-H358, NCI-H157, NCI-H23, NCI-H441, NCI-
H520, NCI-H82, NCI-N417, NCI-H526, and NCI-H69 cell
lines were obtained from the American Type Culture
Collection (Rockville, MD) (16}, while the PCI, PC3, PC7,
PC9, PC10, and PC14 cell lines were obtained from
Immuno-Biclogical Laboratories (Gunma, Japan). The Lu24,
Lul30, Lul34, Lul3g, Lul39, Lul40, Luldl, and SBC-5
cell lines were provided by Dr J. Yokota (National Cancer
Center Research Institute). We also performed transcriptional
studies on § lung cancer cell lnes (NCI-N231, Lu65, A549,
NCI-H69, Lul35s, PC7, PC9, and PC14} and on a normal
human bronchial epithelial cell line (BET2A; American Type
Culture Colection, no, ATCC CRL-0443).

DNA and RNA isolation. Genomic DNA was extracted from
tumor and normal cells by proteinase K treatment and phenol
chloroform extraction using standard protocols. RNAs
were prepared using standard protocols described previously
(I7).
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Polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP) analysis. PCR-SSCP analysis
was performed as previously described (16,18). Each of the
two exons of the INGIb and ING2Z genes was amplified
separately using the PCR primers shown in Table 1. PCR was
performed using the Gene AMP X1 PCR kit (Perkin-Elmer
Corp./Roche, Branchburg, NJ), which was followed by 40
cycles of denaturation at 94°C for 40 sec, annealing at 55°C
for 30 sec, and extension at 68°C for 90 sec, with a final
extension at 68°C for 8 min. The PCR reaction mixture
contained XL buffer with 110 uM Mg(OAc),, 200 xM
deoxynucleotide triphosphate, 0.1 mM of each primer labeled
with 5-IAF (Amersham Pharmacia Biotech, Uppsala, Sweden),
0.5 units of 1'Tth DNA polymerase, and 235 ng of genomic
DNA. The 5-IAF-labeled PCR products were denatured,
cooled on ice, and loaded on neutral 6% polyacrylamide gels
with or without 5% (vol/vol) glycerol. Following eleciro-
phoresis, the gels were analyzed vsing the Fluorlmager 595
(Amersham Pharmacia Biotech).

DNA sequence analysis. DNA sequence analysis was
performed as previously described (16,18). Aberrant bands
were cut from the gel and further amplified by PCR using
sequencing primers with the M13 sequence (TGTAAAACG
ACGGCCAGT) added to the appropriate PCR primers. PCR
was performed as described above, and the products were
purified and sequenced using a fiuorescent antomated
sequencer (Perking-Elmer Corp./Applied Biosystem, Inc.,
Foster City, CA, USA).
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Figure 1. (A) PCR-SSCP analysis of exon 2 of the INGJb gene showed
mobility shifts in lung cancer tissues [tumors (T) 19, 12, 16, and 18]. Tumor
(T} and normal tissue (N) from case 13 showed similar patterns on PCR-
SSCP. (B} PCR-SSCP analysis of exon 2 of the INGID gene showed an
zberrant band in lung cancer cell line NCI-H23. (C) PCR-SSCP analysis of
exon 1 of the ING2 gene showed mobility shifts in the lung cancer tissues of
cases 15, 18, and 21.

Real-time quantitative reverse transcription-polymerase chain
reaction (RT-PCR). RT quantitative-PCR was performed using
the ABT Prism 7700 sequence detector (Perkin-Elmer Corp./
Applied Biosystem, Inc.). The PCR primers and the Taq Man
fluorescence probes (Table H) were designed using the Primer
Express software program (Perkin-Elmer Corp./Applied
Biosystem, Inc.). The total RNA sample (1 pg) was reverse
transcribed wsing a random hexamer and a pre-amplification
system (Life Technologies). A portion of each cDNA was
used for quantitative PCR in a volume of 50 ul, and the
reaction mixture contained the designed primers, Tagman
probes, and Master Mix that included the PCR buffer, MgCl,,
dATP, dCTP, 4GTP, dUTP, AmpErase UNG, and Ampli-
Taq Gold DNA polymerase (Perkin-Elmer Corp./Applied
Biosystem, Inc.). PCR was carried out at 50°C for 2 min,
then 85°C for 10 min, followed by 40 cycles at 95°C for
15 sec and 60°C for 1 min. The degree of gene expression
was reported as the ratio of a given gene's mRNA in a
particular sample to the level of GAPDH mRNA in that sample.

Resulis

Mutation analysis of the ING1b and ING2 genes in human
iung cancers and lung cancer cell lines. PCR-8SCP analysis
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Figure 2. (A), Sequence analysis revealed a nucieotide substitution {(G—A,
serine to serine) at codon 173 of exon 2 of the INGID gene in case 6.
1, DNA sequence of case 16; 11, control. (B) DNA sequence of exon 1 of the
ING2 gene revealed a nucleotide substitution (T—C, alanine to alanineg) at
codon 13. 1, case 15; II. control. (C) DNA sequence of exon 1 of the ING2
gene revealed a nucleotide substitution {(G—A) 6 bp downstream of exon 1.
1, case 15; 11, control.

of exon 2 of the ING b gene revealed aberrant bands in 6
of 31 lung cancer tissues (cases 5, 6, 10, 12, 16 and 18) with
or without normal bands {Fig. 1A}, and 1 of the 30 lung
cancer cell lines i.e. NCI-H23, which is a non-smali cell lung
cancer (Fig. 1B). DNA sequence analysis of these bands
revealed a G to A substitution at codon 173 (Fig. 2A), which
does pot result in an amino acid substitution. Matched normal
tissues had these same aberrant bands, which suggested that
they were due to polymorphisms. In exon 1 of the ING2
gene, we detected aberrant bands in 6 of 31 lung cancer
tissues (cases 5, 8, 12, 15, 18 and 21) with or without normal
bands (Fig. 1C). Sequencing of these bands showed a Tto C
substitution at codon 13 (Fig. 2B) that did not alter the
encoded amino acid, and a G to A substitution in the non-
coding region of intron 1 of the ING2 gene 6 bp downstream
of exon 1 (Fig. 2C), which also appeared to be due to
polymorphisms.

Expression of mRNA for INGI1b and ING2 in human lung
cancers and lung cancer cell lines. The expression of ING1b
mRNA was up-regulated in 7 of 8 lung cancer cell lines
compared to the haman bronchial epithelium cell line,
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Table IIL. INGIb mRNA levels in lung cancer cell lines.

cDNA INGIBIGAPDH Fold difference®
NCI-N231 6.743 6.643
Lués 5.298 5220
AS549 1.490 1.468
NCI-H69 10.952 10,790
Lul3s 5710 5.626
PC7 14.297 14.086
PCo 2.241 2,208
PCl4 2.281 2247

“old difference, intensity of INGIb expression of samplefintensity of
its expression in BET2ZA.

Table IV. ING2Z mRNA levels in lung cancer cell lines.

cDNA ING2/GAPDH Fold difference®
NCI-N231 0382 0.288
Lu65 0737 0.555
A549 0.340 0.256
NCI-H69 0.375 0.282
Lul3s 0.381 0.287
PC7 0.280 0.211
PC9 0.086 0.005
PCi4 0491 0.370

Fold difference, intensity of ING2 expression of sample/iniensity of its
expression in BET2A.

Table V. p53 status in fung cancer cell line.

Cell line Type of mutation Codon  Exon Change
NCI-N231 Missense 298 8 GAG-TAG
Lu6s Missense 1i 2 GAG-CAG
A549 Wild-type

NCI-H69 Missense 171 5 GAG-TAG
Lul35 Missense 244 7 GGC-TGC
PC7 Missense 214 6 CAT-CGT
PC9 Missense 248 7 CGG~CAG
PCl14 Missense 248 7 CGG~TGG

BET2A (Table IIT). All 7 cell lines with up-regulated INGIb
mRNA had a p53 mutation, and the remaining cell line
expressed wild-type p33. The expression of INGZ mRNA
was down-regulated in 7 of 8 lung cancer cells (Table IV).
Six of the 7 cell lines that had a p53 mutation also showed
reduced ING2Z mRNA expression. The mean relative
intensity of INGIb and ING2 expression (intensity of ING
expression of sample/intensity of its expression in BET2A)
was 6.036 (1.468-14.086) and 0.289 (0.065-0.555),
respectively (p<0.01 using a paired t-test).
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Discussion

Mutation of the ING! gene has previcusly been reported in
neuroblastoma (2) and gastrointestinal cancer cell lines (13),
breast tumors (12), esophageal squamons cell tumors (19),
and head and neck squamous cell carcinomas (4). Although
INGI gene mutations are rare in many human cancers, ING/
expression is down-regulated in several types of human
cancers including breast (12), gastric (13), esophageal (19),
and lymphoid cancers (14). The INGI gene may serve as a
type II tumor suppressor since it inactivates cellular function
at transcriptional and post-transcriptional fevels (20).

We studied the degree of mutation and expression of the
INGIb and JNG2 genes in human lung cancer cell lines and
tumors. No point mutations in the INGId and ING2 genes
were found in human lung cancers. However, we did observe
a single polymorphism at codon 173 (G-to-A) in exon 2 of
the INGIb gene. This polymorphism has previously been
reported in Indian patients with oral squamous cell carcinoma
(21) and Japanese breast cancer patients, but not in Canadian
cancer patients (12). We also detected a single polymorphism
in exon [ and intron 1 of the ING2 gene. There were differences
in the frequency of polymorphisms between cancer tissues
and cell lines in this study. The cancerous tissues were
obtained from Japanese patients, while the cell lines were
nearly all established in the U.S. Thus, this polymorphism
may be more frequent in Japanese patients.

ING proteins have a PHD finger motif that plays a role in
chromatin remodeling (11,22}, and nuclear localization
sequences (NLS) and nucleolar targeting sequences (NTS})
{23) that can target ING proteins to nucleoli when ING
proteins are overexpressed. One such protein, ING1b, has
been shown to bind to proliferating cell nuclear antigen
(PCNA} through the PCNA-interacting protein (PIP) domain
after DNA damage, and Lo regulate the induction of apoptosis
(24} and enhance the repair of UV-damaged DNA (25). This
protein contains histone acetyltransferase (HAT) (26-29) and
histone deacetyltransferase (HDAC) (30,31). On the other
hand, INGla was shown to inhibit histone acetylation by
binding to HDAC1 complexes (29). These findings suggest
that ING1b may regulate the switch from DNA replication to
DNA repair.

Previous studies reported that ING2 mRNA expression
was up-regulated in human colon cancers (7). By Western
blot analysis, the expression of ING2 protein was found to be
diminished in colorectal and hepatocellular carcinomas, and
prostate and pancreatic cancers (8). ING2Z was shown to
negatively regulate cell proliferation through the induction of
p53 acetylation at lysine 382 (8), and activation of p33 by
acetylation reportedly resulted in the induction of growth
inhibitor genes and proteins that activated the mitochendrial
apopiotic pathway through the release of cytochrome C (32).
In this study, ING2 mRNA expression was found to be
primarily down-regulated in Jung cancer cell lines. Previous
studies have reported that the overexpression of INGIb and
ING2 negatively regulated cell growth through the induction
of apoptosis and Gl-phase cell cycle arrest in a p33-
dependent manner (2,8.9). It is interesting that lung cancer
cells with inactivated p53 had reduced expression of the
ING2 gene in our study (Table V). It has been reported that
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the expression of INGI and INGZ was independent of p33
status (8,33).

QOur results suggest that mutations in the INGI1b gene are
rare, and its mRNA expression is primarily up-regulated in
lung cancers. Inactivation of the p53 gene in lung cancers
may play a role in the overexpression of the INGIb gene.
Our results suggest that the inactivation of ING2 may play an
important role in the development and/or progression of lung
cancer, even in cancers that exhibit a p53 mutation. Since the
ING2 gene was not nutated in these cancer cells, the ING2
gene may have been negatively transcriptionally regulated,
possibly as a result of hypermethylation of the gene promoter
or iranscriptional factor.
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Weekly Administration of Irinotecan (CPT-11) plus
Cisplatin for Non-small Cell Lung Cancer

MITSUNORI HING!, KUNIHIKO KOBAYASHI*? AKINOBU YOSHIMURA?,
YUICHIRO TAKEDAS, SHOH HISARATSUS, SHUICH! YONEDAZ AXTHIKO GEMMAY,
HIROSHI MORIYA’, SHOJI KUDOH? and THE EAST JAPAN CHESTERS GROUP (EJCG) +

1Division of Internal Medicine, Chiba-Hokuso Hospital of Nippon
Medical School, 1715 Imbamura-Kamakari, Imba-Gun, Chiba,
2Respiratory Section, Saitama Cancer Center, 818 Inamachi-Komuro, Kita-Adachi-Gun, Saitama;
3Department of Respivatory Medicine, Saitama Medical School, 38 Morohongo, Moroyama, Iruma-Gun, Saitama;
Department of Fourth Intemal Medicine, Nippon Medical School, 1-1-5 Sendagi, Bunkyo, Tokyo;
*Department of Respiratory Medicine, International Medical Center of Japan, 1-12-1 Toyama, Shinjuku, Tokyo;
6Respimrofy Section, Hakujikai Memorial Hospital) 5-11-1 Shikahama, Adachi, Tokyo;
7Depamnent of Radiology, Fukushima Medical University, 1 Hikarigaoka, Fukushima-City, Fukushima, 960-1295, Japan

Abstract. Background: Weekly administration of irinotecan
plus cisplatin was evaluated for untreated patients with non-
small cell lung cancer (NSCLC). Patients and Methods: Sixty
mgim? of irinotecan plus 30 mgim? of cisplatin were
administered on days 1, 8 and 15 every 4 weeks. Patients with
no evidence of disease progression were (reated with at least
two cycles (8 weeks). Of the 39 parients, 29 were provided an
antidiarrheal program consisting of sodium bicarbonate and
magnesium oxide. Results: There were 13 partial responses and
an overall response rate of 33.3% [95% CI: 20%-50%]. The
median time to progression and survival were 64 days and 12.8
months, respectively. Grade 4 neutropenia occurred in 15.4%
of the patients, and Grade 3 and 4 diarrhea was observed in
12.8% and 2.6%, respectively. The incidence of leukopenia of
grade 3-4 was significantly lower in patients provided with the
antidiarrheal program due to lack of decrease in the
bymphocyte count. Conclusion: This phase IT study indicated
that weekly irinotecan plus cisplatin adminisiration was a
promising treatment for untreated NSCLC.,

Irinotecan (CPT-11), a topoisomerase 1 inhibitor, in
combination with cisplatin (CDDP) administration for
previously untreated patients with extensive small cell lung
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cancer (SCLC) resulted in improvement in overall survival,
compared with CDDP/etoposide in a randomized phase 111
study {1). CPT-11 plus CDIDP was also active for refractory
or relapsed SCLC, after treatment with etoposide in
combination with a platinum compound of either CDDP or
carboplatin {2). In terms of published results on the use of
CPT-11 for non-smalil cell lung cancer (NSCLC), CPT-11
alone at 100 mg/m® on days 1, 8 and 15 within 4-week
periods was shown to be active, with a response rate of
34.3% in a phase II study (3). In another phase II study,
when 80 mg/m? of CDDP on day 1 was combined with 60
mg/m? of CPT-11 on days 1, 8 and 15 within 4-week periods,
the response rate increased (4) and a randomized phase III
study, the Four-Arm Cooperative Study (FACS), compared
CPT-11 plus CDDP by this regimen to gemcitabine plus
CDDP, paclitaxel plus carboplatin or vinorelbine plus CDDP
{5). Regarding to survival time, the FACS showed the same
efficacy for CPT-11 plus CDDP [median survival time
{MST): 14.2 months] as gemcitabine plus CDDP {MST: 14.8
months), paclitaxel plus carboplatin (MST: 12.3 months), or
vinorelbine plus CODP (MST: 11.4 months) (5).

The maximum synergistic effect on tumor cells was
observed by the simultaneous combination of CDDP and
CPT-11 in vitro {6). We confirmed that the cytotoxicity of
CDD? is dependent on the area under the concentration-
time curve (AUC) (7), indicating that if the AUC per month
was maintained, anti-tumor activity of CDDP was not
weakened by divided administration of the maximal dose. In
1998, two phase I studies of weekly administration of
irinotecan plus CDDP were performed, one by Saltz et al.
(8) and another one by our group (9). Saltz ef al. increased
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the dose of irinctecan, while fixing the dose of cisplatin at
30 mg/m? and investigated the pharnmacokinetics of
irinotecan. In our study the cisplatin dose was increased and
the dose of irinotecan was fixed at 60 mg/m? and the
theoretical vaiidity of dividing the maximum dose of
cisplatin was addressed and the pharmacokinetics of
cisplatin were clarified. Regardless of the differences in the
study design, the treatments in the two studies were similar,
i.e. the former group concluded that the recommended dose
of cisplatin and irinctecan was 30 mg/m? and 65 mg/m?,
respectively, on a weekly schedule for 4 out of 6 weeks.
Similarly, we reported that the MTD was 33 mg/m? of
cisplatin and 60 mg/m? of irinotecan on a weekly schedule
for 3 out of 4 weeks (8, 9).

Recently, a phase II study of weekly administration of
CPT-11 plus CDDP for refractory or relapsed SCLC was
conducted by our group {2). The treatment schedule was
60 mg/’m2 of CPT-11 plus 3¢ mg/m2 of CDDP on days 1, 8
and 15 within 4 weeks. The results indicated that this
regimen was both safe and promising. The current study,
employing the same treatment schedule, was conducted in
chemotherapy-naive patients with NSCLC,

Patients and Methods

Fatients. This study was performed in accordance with the Helsinki
Declaration (1964, amended in 1975 and 1983) of the World
Medical Association. Prior to their participation in the study,
patients admitted to the six institutions of the East Japan Chesters
Group (EJCG), were examined tc ensure that they met the
following criteria: (a) histological or cytological diagnosis of
NSCLC, (b) no previous therapy, (c¢) measurable disease, (d)
performance status (PS) of 2 or above on the Eastern Cooperative
Oncology Group scale; (e) adequate bone marrow function (white
blood cell (WBC) count=4,000/mm?, plt=100,000/mm?, Hb=9.5
g/dl); (f) adequate hepatic function (T-Bil=<i5 mpg/dl,
transaminases less than twice the upper limit of normal); (g)
adequate renal function (S-Cr=1.5 mg/dl}; () age 15-75 years; (i)
no brain metastasis and (j) no medical preblems severe enough to
prevent compliance with the study requirements, All patients
provided informed consent before enroliment in the study,
according to institutional guidelines.

Treatment schedule. Based on the experience with our phase I study
of weekly CPT-11 plus CDDP (9), the doses of CPT-11 and CDDFP
were set at 60 mg/m? and 30 mg/m?, respectively, on days 1, 8, and
15 every 4 weeks. Initially, CPT-11 was administered in 500 ml
normal saline as a 90-min £v. infusion. CDDP was then given over
a 60-min period. Patients with no evidence of disease progression
were treated with at least 2 cycles,

For prevention of emesis, S-hydroxytryptamine-3-receptor
antagonist and dexamethasone were given fw, prior to the
administration of CPT-11 and CODP. To avoid CODP-induced renal
damage, d.i.v. hydration with a total of 1,500 ml was performed.

During performance of this study, it was shown that an
antidiarrheal program would prevent CPT-11-induced side-effects
(10). Therefore, from the eleventh patient, the antidiarrheal
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program of oral zlkalization (OA) and control of defecation (CD}
were employed (10). Coinciding with day one of CPT-11 infusion
and for four days thereafter, the following were administered:
sodium bicarbonate powder, 2.0 g/day t.i.d. (between meals) and
magnesium oxide powder, 1.5 g/day, t.i.d. (after meals). Each dose
was 10 be accompanied by a glass of basic water {pH>7). The dose
of magnesium oxide was increased or decreased at the time of
constipation or diarrhea, respectively.

During the course of treatimens, the doses of CPT-11 and CDDP
were withheld on the day it was due in the presence of leukopenia
{<3,000/mm?} and/or diarrhea in excess of grade 1. In the previous
phase 1 study (9), the nadir WBC count was found to be
significantly correlated to the ratio of WBC on day 8, to that on
day 1 (r=0.603, p=0.0081). Therefore, the doses of CPT-11 and
CDDP were also withheld on day 8, when the WBC count had
dropped by more than 30%, compared to day 1.

Granulocyte colony-stimulating factor {G-CSF) was administered
when grade 4 leukopenia (<1,000/mm3) andfor neutropenia
(=500/mm?) were observed. Erythropoietin was not used. Delayed
diarrhez, which typically presented € days after and beyond the
initial CPT-11 administration, was treated with a high dose of
loperamide, according to previeus reports (11). Persistent, grade 3
or greater diarrhea, despite loperamide therapy, warranted the use
of &.v. hyperalimentation for fluid management.

Evaluarion. Patients underwent staging evaluation by physical
examination, chest X-ray, bone scintiscan, computed tomography of
the head, chest and abdomen, and fiberoptic bronchoscopy. Staging
procedures followed those of the tumor-node-metastasis system.

Prior to the first course, each patient was subjected to chest
X.rays and chest CT. The former was assessed at least once every
two weeks after the initial evaluation and the latter was planned to
be checked once every two months. Tumor response was
extramurally reviewed and classified in accordance with World
Health Organization criteria. A complete response (CR) was
defined as the disappearance of all clinical and radiological
evidence of tumorz, for at least 4 weeks; a partial response (PR} was
defined as a deerease of 50% or more in the sum of products of
the Jongest perpendicular diameters of all measurable lesions, for
at least 4 weeks; and progressive disease (PD) was defined as an
increase of more than 25% i the sum of products of the longest
perpendicular diameters of all measurable lesions or the
appearance of new lesions. All other circumstances were
considered to indicate stable disease (8I3). The time-to-progression
(TTP) and survival curves were drawn using the Kaplan-Meijer
method, and the median survival time was calculated from the day
of the first treatment until the death or the [ast foliow-up.

Also, before the first course, a complete bloed cell conat {CBC),
serum chemistry for renal and hepatic function, electrelyte analysis,
and urinalysis were performed. These studjes werc repeated at
least once a week after the initial evaluation. The NCI Cemmon
Toxicity Criteria was used to grade organ system damage.

Statistical analysis. Sample size, calculated by the response rate, was
determined to be 38 patients, to evaluate this phase IT study. A
50% response rate was chosen as the desirable target level and a
20% response rate was considered uninteresting. Our design had a
power in excess of 90% and a less than 10% type | error. Bayesian
data monitoring of the response rate for an early interruption of
the study was performed throughout the study (12).
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Table 1. Patient characteristics (nw=39).

Table 11. Resporise rate (n=39).

Male/female 31/8 pts
Median age 64 years ald

(Range) (43-75)
Performance status

0-1 37 pts

2 2 pts
Stage

B 11 pis

v 28 pis
Histology

Adenocarcinoma 26 pis

Squamous cel} carcinoma § pts

Adenosguamous 2pts

Large cell carcinoma 1pt

Unclassified 1pt
Antidiarrheal program of QA and CD

Without OA and CD 10 pts

With OA end CD 29 pts
Courses given

1 8 pis

2 24 pts

3 6 pts

4 1pt

OA: oral alkalization; CD: control of defecation.

Results

Between January 1997 and Jume 2001, 39 patients
participated in the trial. The characteristics of the patients
are shown in Table 1. Eight of the patients were women and
31 were men and the mean age was 64 years. Eleven and 28
patients exhibited stage IIIB and stage IV disease,
respectively. Most of the patients had a good performance
status (PS), but two of them were PS 2.

Twenty-six out of the 39 patients (67%) received the full
schedule of therapy (CDDP+CPT-11 three times/course) in
the first course and the others received two times
administration, either on days 1 and 8 or days 1 and 15,
because of myelosuppression or diarrhea. The average
administration frequency of 60 mg/m? CPT-11 and 30 mg/m?
CDDP was 5.2 times in the average of 2.0 courses,
calculating that the average administration was 2.6
times/course. Dose intensities of CPT-11 and CDDP were
156 mg/m2/course and 78 mg/m?/course, respectively. The
first 10 patients, who did not receive the artidiarrheal
regimen, were given 1.8 courses of CPT-11 plus CDDP at
dose intensities of 150 mg/m%/course and 75 mg/m?/course,
respectively. The remaining 29 patients, who received the
antidiarrheal regimen, were given 2.1 courses of combined
therapy of CPT-11 plus CDDP at dose intensities of 158
mg/mcourse and 79 mg/m?/course, respectively. Specifically,
patients without the antidiarrheal program were given total
doses of CPT-11 and CDDP of 270 mg/m? and 135 mg/m?,

Response CR PR §D PD NE Response
rete
Histology
Adenocarcinoma  {(p=26) 0 g 12 3 0 245%
Sguamous @a=9 0 3 4 1 1 33.5%
Adenosquamous  {8=2) 0O i 1 0 0 500%
Lerge #=1) O 0 0 1 0 0.0%
Unclassified {n=1) 0 1 0 0 0.0%
Antidiarrheal program +/-
Without OA & CD (a=10) 0 2 6 2 0 20.0%
With CA & CD m=z0 ¢ 1 12 5 1 37.9%
Overail (m=39) & 13 18 7 1 333%

Of the 39 patiexnts, theve were 13 partial responses and an coverall
response rate of 33.3% (95% confidence interval, 20%-50%) was
cbtained.

CR: complete response; PR: partial response; SD: stable disease; PD:
progressive disease; NE: not evaluable (see Patients and Methods).

respectively, and those with the antidiarrheal program were
administered with CPT-11 and CDDP at doses of 332
mg/m? and 166 mg/m?, respectively.

All 39 patienis were assessed for respouss (Table 2).
Thirteen patients hed PR and 18, and seven had S or FD,
respectively. The overall response rate was 33.3% [95% CL
20%-50%]. When datz were anzlyzed according to whether
or not subjects reccived the antidiartheal program, there
was no statistical gdifference in the overall response rate.
However, among the ten patients without the antidiarrheal
program, two {20%) PRs were observed, while among the
20 patients on this program, 11 (37.9%) PRs were observed,
The median TTP of all patients was 64 days (Figure 14), for
the first ten patients it was 58 days and for the remaining 25
patients it was 73 days (Figure 1B). There was a significant
difference in TTP between those who did and did not
receive the antidiartheal program (log-rank test: p<0.03).

The median survival time (MST) for all patienis was 12.8
months, and the 1-year survival rate in patienis was 55%
[95% CI: 38%-70%] (Figure 2).

All 39 eligible patients were assesszbie for toxicity
(Table IiI}). Leukopenia was the major toxicity. The
leukoeyte count nadir usually occurred around day 21.
Grade 4 levkopenia and neutropenia occurred in two
patients (5.1%) and six patients (15.4%), respectively. Mo
treatment-related death was observed. Thromboeytopenia
occurred less frequently than leukopenia and was less
severe. Thrombocytopenia of grade 3 or more was
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Figure 1. a) Time to progression (TTF) of all 39 patients. b} TTP of the 29 patiens treated by the antidiarrheal program of OA and CD and the 10
patients without the program.
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Figure 2. Median swvival time (MST) of ell 39 patients after stariing weekiy CPT-11 plus CDDP.

observed in one patient (2.6%). No patient required
platelet iransfusion.

Grade 3 diarrhea was observed in only five patients
(12.8%) and grade 4 diarrhea occurred in one patient
(2.6%). Although these patients required i.v. hydration, they
recovered within four to seven days. Of the six patients
experiencing diarrhea of grade 3 or higher, three had grades
3 and 4 leukopenia, coincidentally. Although six patients
experienced grade 3 nausea or vomiting (15.4%), the other
33 patients experienced nausea of grade 2 or less or no
nausea at all, indicating that pausea and vomiting were mild
with this regimen. No hepatic, renal and puimonary
toxicities, related to drug administration, were observed in
this trial.

Comparing the presence or absence of the antidiarrheal
program, the incidence of leskopenia at more than grade 3
was significantly lower in patients receiving the antidiarrheal
program {Table IV). This was due to no decrease in
lymphocyte count. Anemia, emesis and diarrhea had
tendency to be less severe in patients on the antidiarrheal
program.,

Table 1. Toxicities (n=39}.

No. of patients with

CTC grade 1 z 3 4 =23(%) 4(%)
Hematological toxicity
Leukopenia 9 14 8 2 256 51
Neutropenia 3 12 12 6 462 154
Thrombocytopeniz 6 5 1 0 2.6 0.0
Anemia 9 9 6 1 17.9 2.6
Other toxicities
Diarrhea ¢ 9 5 1 15.4 2.6
Nausea and vomiting 13 8 6 15.4 -

Discussion

From the response rate {Table 1I), survival time and l-year
survival rate (Figure 2), the results of this study indicate that
treatment by weekly administrations of CPT-11 plus cisplatin
was active in chemotherapy-nzaive patients with NSCLC, The
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Table IV, Toxicities with or withowt endidicrhzal program of 04 end CD.

a. of patients with

CTC grade 1 2 3 4 =23(%) 4(%)
Leuvkoperia

Without QA & CD (z=10) 2 1 4 2 60.0° 200
With OA & CD n=29) 7 13 4 138 00
Nentropenia

Without CA & CDd {n=10} 32 300 200
With OA & CD n=287 2 § 448 138
Thrombocyiopenia

Without 84 & CD (a=10} 1 3 ¢ 0e oo
With QA & CD (n=2%} 2 1 ¢ 34 00
Ancmia

Without QA & CD (n=10} 2 3 ¢ 300 0.0
With QA & CD (n=20y 7 & 3 1 138 34
Diarrhea

Without CA & CD {n=10} 2 3 1 306 100
With OA & CD {n=29) 7 6 3 ¢ 103 0.0
Naungea and vomiting

Without OA & CD (=10} 3 32 20,0 -
With OA & CD {p=29y 10 5 4 138

O4: orsai elkalization; CD: control of defecation.
"p=0,004

randomized phase I stndy designated, as FACS showed that
guality of life (QOL} profiles differed depending on the
regimen (5). With the single administration of CDDP
combined with CFPT-11 in the FACS, half of the patients
srperienced diarrhea at grade 2 or more and half also
experienced vomiting at grade 2 or more, which might have
reduced the patients’ QOL. Qur weelily administrations of
CPT-11 plus cisplatin together with the antidiarcheal program
provided a practical and well-tolerated regimen (grade 2-3
vomiting: 31%, grade 2-4 diarrhea: 21%) (Table IV).
CPT-11 is a water-soluble semi-synthetic derivative of
cemptothecin and iz metabolized to 7-ethyl-10-hydroxy-
cemptotbecin (SIN-38) by carboxyl esterase, mainly in the
liver (13}, The non-ionic lactone form of SN-38 is the active
compound, and the moleculer target of SN-38 has been
identified as DNA topoisomerass I, a nuclear enzyme
implicated in DNA replication and transcription (14). The
mechanism of topoisomerase I imhibition involves the
formation of a reversible enzyme-drug-DNA ternary
complex. Active SN-38 is deactivated to SN38-Glu by
conjugation in the liver and is secreted into bile by
hepatocytes, with subsequent excretion into the intestine
(15, 16). We found that the intestinal absorption of CPT-11
and SN-38 was characteristic of that, with weally basic drugs
(17). At acidic pH, non-ionic lactone forms of CPT-11 and
SN-38 were passively transported, and their uptake rates
were rapid. On the other hand, the respective anionic
carboxylate forms were actively and slowly absarbed at basic
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pH (17). The uptake rate of SN-38 also correlated with its
cylotoxicity {17), indicating that acidic pH in the inlestinal
lumen might result in a more significant cytotoxic effect of
SN-38, on the intestinal epithelium.

In our case-controlled clinical study, we designed an anti-
diarrheal program for CPT-11, designated as oral alkalization
and control of defecation (OA and CD) (10). The rationale
in designing QA and CD was to prevent absorption of active
SN-3§ lactone by intestinal cells, which should in turn reduce
epithelial damage and its impact on subsequent delayed
diarrhea. The OA and CD consisted of oral administration of
sodjum bicarbonate, magnesium oxide and basic water. The
three agents have a basic pH and are known to directly
mediate alkalization of the intestinal lumen. Sodium
bicarbonate also mediates alkalization of bile in the
gallbladder. Magnesium oxide demonstrates a laxative action,
which should shorten the dwelling time of CPT-11 and SN-38
within the intestine. As a result of the case-control study, the
0A and CD induced dose-intensity of CPT-11 and reduced
the incidence of delayed diarrhea, nausea, vomiting,
myelotoxicity and consumption of loperamide (10).

Sargent et al. recommended caution with the use of CPT-
11 with fiuorouracil and leucovorin for colorectal cancer (18).
Deaihs occurred within 60 days after initiation of treatment
had several characteristics in common: dehydration (resulting
from diarrhea, nausea, and vomiting), neuiropenia, and
sepsis, leading to death. Interpatient variability in CPT-11-
induced side-effects is considered to be a major deterrent to
clinical use. Therefore, we employed the OA and CD,
beginning with the eleventh patient in this study. The weekly
administration of CPT-11 plus CDDP with OA and CP was
found to be safe for both untreated patients with NSCLC in
this phase 11 study (Table IV) and patients with refractory or
relapsed SCLC in the previously reported phase II study (2).
The weekly administration of CPT-11 plus CDDP with OA
and CD did not reduce activity in either of the phase 1I
studies (2). TTP was significantly longer in NSCLC patients
receiving OA and CD than in those not treated (Figure 1).
With the use of OA and CD, the lower toxicity might enable
administration of the total dose of CPT-11 plus CDDP,
resulting in longer TTP.

In conclusion, it is indicated that weekly CPT-11 plus
CDDF is a promising treatment for untreated patients with
NSCLC, especially when combined with the antidiarrheal
regimen of OA and CD. The mildness of side-effects
permits administration in an outpatient setting,

References

1 Noda K, Nishiwaki Y, Kawahara M, Negoro S, Sugiura T,
Yokoyama A, Fokucka M, Mori K, Watanabe K, Tamura T,
Yamamoto S and Saijc N: Japan Clinical Oncology Group:
Irinotecan plus cisplatin compared with etoposide plus cisplatin for
extensive smail-cell luzg cancer. N Engl J Med 346: 85-91, 2002.



Hino ez al: Weekly CPT-11 end CDDP for NSCLC

Ando M, Kobayashi K, Yoshimura A, Kurimoto F, Seike M,
Nara M, Moriyama G, Mizutani H, Hibino S, Gemma A,
Okano T, Shibuyz M and Kudoh §: Weekly administration of
irinotecan (CPT-11) plus cisplatin for refractory or relapsed
small cell lung cancer. Lung Cancer 44: 121-127, 2004.

Negoro S, Fukvoka M, Niitani H, Suzuki A, Nakabayashi T,
Kimura M, Motomiya M, Kurita Y, Hasegawa K and Kurivama
T: A phase II study of CPT-11, a camptothecin derivative, in
patients with primary lung cancer. CPT-11 Ceooperative Study
Group. Gan To Kagaku Ryoho I&: 1013-1019, 1991 {in
Japanese).

Masuda N, Fukuoka M, Fujita A, Kurita Y, Tsuchiya S, Nagao
K, Negoro S, Nishikawa H, Katakami N, Nakagawa K and
Niitani H: A phase II trial of combination of CPT-11 and
cisplatin for advanced non-small-cell lung cancer, CPT-11 Lung
Cancer Study Group. Br ¥ Cancer 78: 251-256, 1998.

Kubota K, Nishiwaki ¥, Ohashi Y, Saijo N, Ohe Y, Tamura T,
Negoro S, Ariyoshi Y, Nakagawa X, Fukuoka M, on behalf of
FACS Cooperative Group: the Four-Arm Cooperative Study
(FACS) for advanced non-smail-cell lung cancer. Froc Am Soc
Clin Oncol 23: 616, 2004,

Matsumoio N, Nakao S, Esaki T, Fujishima H, Tatsumoto T
and Niho Y: Inhibition of cis-dlamminedichloroplatinum (II)-
induced DNA interstrand cross-link removzal by 7-ethyl-10-
hydroxy-camptothecin in HST-1 buman squamous-carcinoma
cells. Int J Cancer 62: 70-75, 1993.

Kobayashi K, Kudoh §, Takemoto T, Hino M, Hayashihara K,
Nakahiro K, Ando M and Niitani H: In vitro investigation of a
combination of two drugs, cisplatin and carboplatin, as a
function of the area under the c/t curve. J Cancer Res Clin
Oncol 121: 715-720, 1995.

Saltz LB, Spriggs D, Schaaf L], Schwartz GK, Ilson D, Kemeny
N, Kanowitz J, Steger C, Eng M, Albanese P, Semple D,
Hanover CK, Elfring GL, Miller LL and Kelsen D: Phase I
clinical and pharmacologic study of weekly cisplatin combined
with weekly irinotecan in patients with advanced solid tumors. J
Clin Oneol 16: 3858-3865, 1998,

Kobayashi X, Shinbara A, Kamimura M, Takedz Y, Kudo X,
Kabe J, Hibino 8, Hino M, Shibuya M and Kudoh S: Irinotecan
{CPT-11} in combination with weekly administration of
cisplatin {CDDP) for non-small-cell lung cancer. Cancer
Chemother Pharmacol 42: 53-58, 1998,

10 Takeda Y, Kobayashi K, Akivama Y, Soma T, Handa S, Xudoh
S and Kude K: Prevention of irinotecan (CPT-11)-induced
diarthea by oral alkalization combined with control of
defecation in cancer patients. Int J Cancer 92: 269-275, 2001,

i1 Bleiberg H and Cvitkovic E: Characterisation and clinical
management of CPT-11 (irinotecan)-induced adverse events:
the European perspective. Eur I Cancer 324 (Supp! 3} S18-23,
1996.

12 Estey EH and Thalt PF: New designs for phase 2 clinical trials.
Blood 102: 442-448, 2003,

13 Rivory LP, Bowles MR, Robert J and Pond SM: Conversion of
irinotecan (CPT-11) to ils active metabolite, 7-ethyl-10-
hydroxycamptothecin (SN-38), by human liver carbaxylesterase.,
Biochem Pharmacol 52: 1103-1111, 1994.

14 Kawato Y, Aonuma M, Hircta Y, Kuga H and Sate K
Intracellular roles of SN-38, a metabolite of the camptothecin
derivative CPT-11, in the antitumor effect of CPT-11. Cancer
Res 51 4187-4191, 1991,

15 Chu XY, Kato Y and Sugiyama Y: Muliiplicity of biliary
excretion mechanisms for irinotecan, CPT-11, and its
metaboliles in rats. Cancer Res 57: 1934-1938, 1997,

16 Lokiec F, Canal P, Gay C, Chatelut E, Armand JP, Roche H,
Bugat R, Goncalves E and Mathieu-Boue A: Pharmacokinetics
of irinotecan and its metabolites in human blood, bile, and
urine. Cancer Chemother Pharmacol 36: 79-82, 1995.

17 Kobayashi K, Bouscarel B, Matsuzaki Y, Ceryak §, Kudoh §
and Fromm H: pH-dependent uptake of irinotecan and its
active metabolite, SN-28, by intestinal cells. Int J Cancer 83:
491-496, 1999.

18 Sargent DI, Niedzwiecki D, O’Connell MI and Schilsky RL:
Recommendation for caution with irinotecan, finorouracil, and
leucovorin for colorectal cancer. N Engl T Med 345: 144-145,
2001.

Received Septernber 1, 2006
Accepted Septernber 25, 2006

4703

325



