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(7) and the projective adaptive resonance theory (PART)
(8), prior to the application of mining algorithms.

In our previous study, we investigated the combinations
of various filter and wrapper approaches and applied these
combination methods to microarray data of acute leukemia
and central nervous system tumors (CNS). Consequently,
we showed that a combination method of the use of projec-
tive adaptive resonance theory and that of a boosted fuzzy
classifier with the SWEEP operator method denoted PART-
BFCS was the best among various combination methods for
constructing on accurate model resulting in an accurate pre-
diction. In this study, we applied this method to the analysis
of expression profile data of esophageal cancer. In addition,
the performances of BFCS or PART-BFCS with the U-test
models, were investigated. The constructed PART-BFCS
with the U-test or PART-BFCS models could accurately dis-
criminate esophageal cancer patients with intramural me-
tastases (IMs) from other esophageal cancer patients, BFCS
with the U-test (U-test-BFCS) models could not.

It is necessary to select specific and essential marker
genes for cancer classification and diagnosis. Minimum gene
sets without false positive ones should be extracted. There-
fore, various methods were compared under the condition of
small inputs. We concluded that our method is the best under
this condition for esophageal cancer analysis.

MATERIALS AND METHODS

Microarray analysis  Gene expression profile data were ob-
tained from 64 surgical specimens from esophageal cancer patients:
16 patients who had no lymph node metastases (O1), 6 patients
who had lymph node metastases from one to four (02), 29 patients
who had over four lymph node metastases (O3), and 13 patients
who had some IMs (see Table 1A). For RNA extraction, trained
pathologists carefully excised bulk tissue samples from the main
tumor, leaving a clear margin from the surrounding nontumorous
tissue. Total RNAs extracted from the bulk tissue samples were
biotin-labeled and hybridized to high-density oligonucleotide mi-
croarrays (Affymetrix Human Genome U95A Array) containing
12,600 probe sets representing 10,000 transcripts according to the
manufacturer’s instructions. The scanned data of the arrays were
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processed by Affymetrix Microarray Suite, which scaled the aver-
age intensity of all the genes on each array to a target signal of
1000.

Data processing  As shown in Table 1B, the esophageal can-
cer data were partitioned into two data sets: 54 samples (42 non-
IM and 12 IM) as a modeling data set for constructing the class
prediction model (predictor) and 10 samples (9 non-IM and [ IM)
as a blind data set for evaluating the constructed predictor (10 blind
data), and a leave-one-out cross-validation set (LOOCYV data). We
excluded genes expressed at a P call (meaning expression signal is
present) of less than 10 in the 64 specimens. As a result, 8037 probes
were selected in this preprocessing stép. During the gene- filtering -
step, 1000 probes were selected using PART and the U-test, re-
spectively, and then two types of BFCS, namely, BFCS-1 and
BFCS-1,2 were used in the modeling step as wrapper approaches.
For comparison, conventional modeling methods without filtering,
namely, weighted voting (WV) (7) and k-nearest neighbor (kNN),
were also used. '

kNN method  The k-nearest neighbor (kNN) method is based
on a distance function for pairs of tumor samples, such as Euclidean
distance. kNN proceeded as follows to classify blind data set ob-
servations on the basis of the modeling data set. For each patient in
the blind data set (i) the & closest neighbors in the modeling data
set were found, and (ii) class was predicted by majority vote; that
is, the class that is most common among those k neighbors was
chosen. The number of neighbors (k=3) was used because a simi-
lar cross-validation accuracy of models was obtained in the model-
ing data set for various s.

WYV method WV was originally proposed by Golub et al.
(7) to manage microarray data. The weight of each gene was calcu-
lated using signal-to-noise statistic. The linear models of one gene
were assembled by gene weight.

Model construction with parameter selection = The param-
eter increasing method (PIM) (9) was used to select input combi-
nations for the construction of kNN and WV models. This was per-
formed as follows.

First, we predicted the class (IM or non-IM) of each sample us-
ing the prediction model with a single input. Prediction models for
each probe were constructed in series, and all the probes were or-
dered on the basis of the accuracy of the constructed models. In the
next step, the probe with the highest accuracy was used to con-
struct a combination model.

Second, we selected a partner probe for the probe selected in the
first step to increase prediction accuracy. To accomplish this, we

TABLE 1. List of esophageal cancer patients

A. All patients

Stage of metastasis Description N;;ggi‘;:f

0Ol Lymph node metastases =0 16

02 4>Lymph node metastases 1 6

03 Lymph node metastases >4 29

M Intramural metastases (IM) 13
Total 64

B. Divided data set

Content of data blocks

Data set name Stage of metastasis Number in Number in é‘gg‘é’lifcig
the modeling data the blind data
Blind 10 data Non-IM (01, 02, 03) 42 9 1
IM 12 1
Leave-one-out Non-IM 51 0 13
Cross-validation IM 12 1
(LOOCYV) data Non-IM 50 1 51
M 13 0
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constructed a 2-input model in which a ranked probe was desig-
nated input 1, and input 2 (partner probe) was selected to provide
the highest training accuracy while applying kNN (or WV) and
PIM to the analysis of the modeling data. By repeating this step, an
optimum combination of Ny, candidate probes was identified
for use as input probes in the model construction. Nyp,. Was de-
fined as ten in this study.

Finally, combinations of Ny, Probes, i.e., from the first to the
N, e probes were evaluated. We constructed N, predictor
models, beginning with one input using only the first-selected
probe t0 Nypue inputs using all the Ny, probes. The perfor-
mance of the prediction models was evaluated by applying them to
the analysis of the blind data set.

For the two data sets, the genes with the Ist to the 10th highest
accuracies were used as the first inputs for the construction of the
10 combination models by PIM.

BFCS method  Boosting was proposed by Schapire (10), and
thus far, several derivative boosting algorithms (11-13) have been
developed. Boosting is useful for class prediction using high-di-
mensional inputs and very fast algorithms.

In our previous study, we developed a boosted fuzzy classifier
with the SWEEP operator method (BFCS) (5) on the basis of
AdaBoost (11), which is the most basic boosting algorithm. This
method enables the evaluation of the reliability of the predictions
for each patient. However, it is difficult to evaluate the reliability
of the predicted results of conventional boosting.

A BFCS model is composed of type I fuzzy neural network
(FNN) models (14). In this study, 1- or 2-input FNN models were
used as weak learners in the BFCS model, and they were com-
bined with connection weights, which were determined using the
AdaBoost algorithm. BFCS has two types, BFCS-1 and BFCS-1,2.
A BFCS-1 model is composed of 1-input FNN.models (5). On the
other hand, BFCS-1,2 is composed of 1- or 2-input FNN models
(5). BFCS-1,2 can used for analyzing the interaction between two
inputs, because this method can includes 2-input FNN models.

PART-BFCS  Previously, we developed and combined the
use of the projective adaptive resonance theory (PART) as a gene
filtering method and that of a boosted fuzzy classifier with the
SWEEP operator method (BFCS) as a modeling method. In the re-
sulting method PART-BFCS, PART first preselects the genes that
show small variances within a class. Then, BFCS rapidly selects
these genes to build a highly accurate and reliable predictor.

PART has two important parameters, vigilance and distance.
Vigilance was optimized so that modeling samples clustered well.
Distance was used to control the number of extracted genes. The
genes extracted by PART showed a low standard deviation (SD) in
the low-gene-expression-level class. The predictor using genes with
a low SD in low class showed a high performance (8).

In BECS, - or 2-input FNN models based on the neural network
and fuzzy logic were used as weak learners. The BFCS models
constructed using only 1-input FNN models were defined as a
BFCS-1 model, and those constructed using 1- or 2-input FNN
models were defined as a BFCS-1,2 model in our previous study.

- RESULTS AND DISCUSSION

Selection of BFCS type and complexity of esophageal
cancer data for the classification of IM and non-IM
BFCS-1 is effective for analyzing many gene expression
profiles, such as those of acute leukemia, central nervous
system tumors (CNS), and soft tissue sarcomas (unpub-
lished data). BFCS-1 without screening was applied to the
analysis of the modeling data of esophageal cancer shown
in Fig. 1. Figure 1 shows training curves against the number
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FIG. 1. Training curves of BFCS-1 without screening for model-
ing data of 10 blind data. The training curves were developed using
average training accuracy from 10 combination models constructed by
BFCS-1. The solid line with filled circles is the training curve for the
esophageal cancer data. The dashed line with open circles is the curve
for the acute leukemia data. The dashed line with open squares is the
curve for the central nervous system (CNS) tumor data. The leukemia
and CNS data were obtained from the website http://www.broad.mit.edu/
cgi-bin/cancer/datasets.cgi.

of genes. The solid line indicates the training curve for the
esophageal cancer data. The dashed lines indicate the mod-
eling results for other cancer data, namely, the acute leuke-
mia, and CNS data. The training curve result obtained by
the BFCS-1 expressed underfitting of the esophageal cancer
data, and a training curve result of 100% was achieved for
the data of the other two cancers. This result implies that
the esophageal cancer data were very complex. Therefore,
BFCS-1,2 was used in this study, because it is more effec-
tive than BFCS-1 in the cases in which the relationships of
the attributes provided and its output are highly complex.

Comparison of performances of BFCS with filtering
methods with those of other methods The perfor-
mances of BFCSs with filtering methods as models were in-
vestigated, namely, BFCS with PART (PART-BFCS), BFCS
with the U-test (U-test-BFCS), and BFCS with PART and
the U-test (PART-BFCS with U-test). For comparison, the
predictors of two conventional methods, namely, WV and
kNN, were constructed. The performances of the predictors
were compared in terms of accuracy using a blind data set
that was not used for modeling. By using 10 combination
models, the average accuracy for the blind data set-was cal-
culated for the two data sets, namely, 10 blind and LOOCV
data. ’

Results of LOOCYV data are shown in Table 2. The results
show that the average accuracy of 6-input PART-BFCS with
the U-test models is the highest. The average accuracies of
the BFCSs with filtering methods were higher than those of
two conventional methods, namely, WV and kNN. How-
ever, U-test-BFCS models showed a very low sensitivity.

Results of 10 blind data are shown in Table 3. The results
show that the average accuracy of 10-input PART-BFCS

- with the U-test methods is the highest and that the average

accuracies of models for BFCS with filtering methods were
higher than those of the conventional methods. However,
U-test-BFCS model also shows a very low sensitivity.

A comparison of PART-BFCS and PART-BFCS with the
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TABLE 2. Comparison of performances of various methods for LOOCYV data
Inputs (=)
_ Method (=) 1 2 3 4 5 6 7 ) 9 10
Accuracy (%)  BFCS with PART and U-test - 75.0 - 75.8 - 80.9° - 78.8 - 80.3
BFCS with PART - 76.4 - 75.8 - 77.2 - 773 - 78.1
BFCS with U-test - 65.5 - 68.6 - 73.0 - 73.0 - 76.1
kNN 74.7 70.0 70.8 70.2 7.3 69.5 703 68.1 69.4 69.1
WV 61.3 64.1 66.1 69.8 63.0 62.2 63.6 65.9 65.9 64.7
Sensitivity (%)  BFCS with PART and U-test - 15.4 - 215 - 215 - 13.1 - 11.5
BFCS with PART - 16.2 - 254 - 16.9 — 13.1 - 6.2
BFCS with U-test - 2.3 - 3.8 - 0.0 - 0.0 - 0.0
kNN 23.8 24.6 25.4 20.8 215 18.5 16.2 14.6 19.2 16.9
YAV 14.6 12.3 13.8 16.9 15.4 19.2 17.7 16.2 15.4 16.2
Specificity (%) BFCS with PART and U-test - 90.2 - 89.6 - 96.1 - 95.5 - 97.8
BFCS with PART - 91.8 - 88.6 - 92.5 - 93.7 - 96.5
BFCS with U-test - 81.6 - 85.1 — 91.6 - 91.6 - 95.5
kNN 87.6 81.6 82.4 82.7 33.9 82.5 84.1 81.8 82.2 82.4
wv 73.1 71.3 79.4 833 75.1 73.1 753 78.6 78.8 77.1

2 The highest accuracy. — indicates that no models were constructed, because BFCS-1,2 method selected a 2-input weak learner consisting of two
genes. Accuracy is the ratio of correctly predicted patients to total patients. Sensitivity is accuracy for IM patients. Specificity is accuracy for non-

IM patients.
TABLE 3. Comparison of performances of various methods for 10 blind data
Inputs (=)
Method (=) 1 2 3 4 5 6 7 8 9 10
Accuracy (%)  BFCS with PART and U-test - 80.0 - 84.0 - 85.0 - 89.0 - 96.0°
BFCS with PART - 83.0 - 81.0 - 82.0 - 83.0 - 88.0
BFCS with U-test - 82.0 - 79.0 - 84.0 - 83.0 - 88.0
KNN 72.0 74.0 72.0 80.0 77.0 75.0 78.0 76.0 73.0 69.0
wvV 66.0 .67.0 57.0 60.0 65.0 62.0 70.0 65.0 61.0 64.0
Sensitivity (%) BFCS with PART and U-test - 50.0 - 60.0 - 80.0 - 80.0 - 80.0
BFCS with PART - 70.0 - 0.0 - 90.0 - -90.0 - 90.0
BFCS with U-test - 30.0 - 10.0 - 10.0 - 0.0 - 0.0
KNIN 20.0 0.0 10.0 10.0 10.0 10.0 20.0 20.0 20.0 0.0
wVv 30.0 40.0 20.0 10.0 50.0 30.0 30.0 0.0 20.0 40.0
Specificity (%) BFCS with PART and U-test - 833 - 86.7 - 85.6 - 90.0 - 97.8
BFCS with PART - 84.4 - 81.1 - 81.1 - 82.2 - 87.8
BFCS with U-test - 87.8 - 86.7 - 922 - 92.2 - 97.8
kNN 71.8 82.2 78.9 87.8 84.4 822 84.4 82.2 78.9 76.7
wv 70.0 70.0 61.1 65.6 66.7 65.6 74.4 72.2 65.6 66.7

* The highest accuracy. — indicates that no models were constructed, because BFCS-1,2 method selected a 2-input weak learner consisting of two
genes. Accuracy is the ratio of correctly predicted patients to total patients. Sensitivity is accuracy for IM patients. Specificity is accuracy for non-

IM patients.

U-test was performed using the accuracies of 100 models
(2 data setsx 10 combination modelsx 5 types of input from
2 to 10). The P value was 0.022 and was calculated using

the paired t-test. PART-BFCS with the U-test was superior
to PART-BFCS for esophageal cancer data. These results:

indicate that PART is necessary for BFCS, because PART
eliminates genes which hinder the prediction of BFCS. In
addition, PART-BFCS with the U-test was the best method
for analyzing esophageal cancer data.

. Comparison of selected genes by PART-BFCS and
PART-BFCS with U-test  The average accuracy of 6-in-
put PART-BFCS with the U-test models was the highest, as
shown in Table 2. The detailed results of ten combination
6-input PART-BFCS with the U-test models were analyzed
(data not shown). Results of the PART-BFCS were also ana-
lyzed, because this method had the second highest accuracy
of the 6-input models. The results showed that the accura-
cies of all the models used are almost the same. However,

sensitivity markedly differed between the models; the sensi-
tivities ranged from 0.0% to 46.2% for PART-BFCS with
the U-test models, and from 7.7% to 38.5% for PART-BFCS
models. The variance in sensitivity was large, because the
number of IM patients was very small in this study. There-
fore, the highest sensitivity models among ten combinations
“for each method were selected for the following analysis;
the no. 4 model for PART-BFCS with the U-test and the
no. 5 model for PART-BFCS. ‘

Actually, 99 and 121 independent genes (probe sets) were
selected and the top 10 genes that were selected most fre-
quently are shown in Table 4A. Table 4A shows that the
gene CDKG was selected most and the gene SIM2 was se-
lected 2nd most for both models. CDK6 is a well-known
cell cycle regulation gene and is an important marker for
cancer diagnosis (15-17). For 10 blind data, CDK6 was also
selected frequently, as shown in Table 5.

Next, we investigated the genes selected together with
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TABLE 4. List of genes selected by 6-input BFCS with screening for LOOCYV data

A. The selected genes

Model Gene name Genbank Description tixl:uj:?sl:j;;g d
No. 4 model of BFCS with PART ~ CDK6 X66365 Cyclin-dependent kinase 6 45
and U-test '
SIM2 U80456 Single-minded homolog 2 (Drosophila) 27
MYL6 M22919 Myosin, light polypeptide 6, alkali, smooth muscle 19
and non-muscle
TRIP6 AJ001902 Thyroid hormone receptor interactor 6 19
“Cl19orf2 AB006572 Chromosome 19 open reading frame 2 17
FBXO021 AB020682 F-box only protein 21 13
KCNJ15 Y10745 Potassium inwardly-rectifying channel, subfamily J, 12
member 15
ZNF3 X07290 Zinc finger protein 3 (A8-51) 11
POLS AB005754 Polymerase (DNA directed) sigma 11
NFIB Al222594 Nuclear factor I/B 10
No. 5 model of BFCS with PART CDK6 X66365 Cyclin-dependent kinase 6 37
SIM2 U80456 Single-minded homolog 2 (Drosophila) 28
C19orf2 AB006572 Chromosome 19 open reading frame 2 18
TRIP6 AJ001902 Thyroid hormone receptor interactor 6 16
POLS AB005754 Polymerase (DNA directed) sigma 13
ERCC1 M13194 Excision repair cross-complementing rodent 13
repair deficiency, complementation group 1
(includes overlapping antisense sequence)
FZD5 U43318 Frizzled homolog 5 (Drosophila) 12
ZNF3 X07290 Zinc finger protein 3 (A8-51) 12
NFIB Al222594 Nuclear factor I/B 10
TIALl D64015 TIA! cytotoxic granule-associated RNA binding 9
protein-like 1
B. Genes selected together with CDK6
Model Gene name Genbank Description tiggg]sifl:;;g d
No. 4 model of BFCS with PART Cl19orf2 ABO006572 Chromosome 19 open reading frame 2 17
and U-test
MYL6 M22919 Moyosin, light polypeptide 6, alkali, smooth muscle 9
and non-muscle
FZD5 U43318 Frizzled homolog S (Drosophila) 4
FBXO021 AB020682 F-box only protein 21 3
GPA33 U79725 Glycoprotein A33 (transmembrane) 3
TRIP13 U96131 Thyroid hormone receptor interactor 13 2
TCF4 M74719 Transcription factor 4 2
No. 5 model of BFCS with PART Cl1%orf2 ABO006572 Chromosome 19 open reading frame 2 18
FZD5 U43318 Frizzled homolog 5 (Drosophila) 12
TRIP13 U96131 Thyroid hormone receptor interactor 13 2

{A) The list of these genes was sorted by the number of times selected in the LOOCV (64-fold), and the top 10 genes are shown. Independent 99
and 121 genes (probe sets) were selected for each model, respectively. Except for the names of genes described, those of other 89 genes (probe
sets) involved in no.4 model and 111 genes (probe sets) involved in no. 5 model were omitted. (B) BFCS-1,2 consisted of 2-input FNN models
concluding two genes. Only the genes selected two or more times are shown. Except for the names of genes described, those of other 5 genes

(probe sets) involved in each no. 4 and no. 5 model were omitted.

CDK®6, as shown in Tables 4B and 5. For 10 blind data,
Table 5 showed that FZD5 and GPA33 were frequently se-
lected together with CDK6 gene. For LOOCV data, Table 4B
showed that C19orf2 and FZD5 were also selected frequent-
ly.

Comparison of accuracy of 2-input models including
those for CDK6 with those of other models  The per-
formances of 1- or 2-input BFCS models were calculated
and are shown in Table 6, such as those for CDK6+ CI90r72,
CDK6+FZDS5, CDK6+GPA33, CDK6, Cl9orf2, FZDS,
GPA33, CDK6+SIM2, and the negative control. The nega-
tive control indicates the average performance of 2-input
models selected randomly 20,000 times. Table 6 shows that
the accuracies and sensitivities of 2-input models, such as
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those for CDK6+Cl90rf2, CDK6+FZD5, and CDK6+
GPA33, are very high. On the other hand, the sensitivities of
l-input models, such as those for CDK6, Cl90rf2, FZDS5,
and GPA33, were zero percent. The irrelevant 2-input mod-
els, namely, those for CDK6+SIM?2 and the negative con-
trol, showed low sensitivities. These results show that all
the patients are classified as non-IM patients by all the 1-in-
put models used, because the l-input models could not be
constructed correctly owing to the high complexity of these
data. These results show that 2-input combinations of CDKS,
such as CDK6+C190rf2, CDK6+FZDS5, and CDK6+GPA33
are very important.

IF-THEN rules extracted from BFCS model  After
modeling, the IF-THEN rules for esophageal cancer with
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and excellent rules were obtamed as follows. The first rule
is that patients with low expression levels of CDK6 and
C190rf2 are likely to be IM patients, as shown in Fig. 2A.
Seven patients showed low expression levels of CDK6 and
C190rf2 and all of them were IM patients, corresponding to
54% (7/13) of all the IM patients. The next rule is that pa-
tients with low expression levels of CDK6 and FZD35 are
likely to be IM patients, as shown in Fig. 2B. Sixteen pa-
tients showed low expression levels of CDK6 and FZD35
and 10 of them were IM patients, corresponding to 77%
(10/13) of all the IM patients. The third rule is that patients
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- TABLE 5. List of genes selected by BFCS with screening methods for 10 blind data
. Inputs ~ Order of Combination no.

Method (=) selection | 2 3 4 5 3 7 8 9 10
“BFCSwithPART 27" 1 POLS HMGNI ~ SPTANI  FBXQ2l SHARP  PC4 RSUI RSUI SiM2 HMGNI
- and U-test e BIGI pC4 MEST SIM2 SIM2 SiM2 G2AN Siv2 ATP6AP2  PCSK!
B S BT} DNASEIL! DNASEILL FBX02!  DNASEIL1 DNASEIL!I DNASEIL! STARD3  DNASEIL1 DNASEIL1 RSUL

L Unknown  Unknown TRIPS Unknown  Unknown Unknown RAGE Unknown  Unknown G2AN
6" 3 HMGNI  SEC24A  HMGNI  HMGNI  HMGN!  SEC24A  HMGNI  HMGN!I  HMGNI  DNASEILI
) PC4 BIGI PC4 PC4 PC4 BIGI PC4 PC4 PC4 SLCI0A3
g’ 4 FBX021  CDKg& CDK¢® CDK¢ CDK6* ERCCI  DNASEIL! CDK& CDKeé* SEC24A
o TRIP6 Cl%rf2  LRPS GPA33 GPA33® OXCT Unknown GPA33® GPA33® BIGH
10 5 SHARP  FBX021  OAS! SEC24A  SEC24A  CDKE . SEC24A  SEC24A  SEC24A  Unknown
v SiM2 SiM2 NFIB BIGI ~ BIGH GPA33 BIG! BIGI BIGI BTAF!
“BFCS with PART " 2 1 POLS HMGN1  SPTANI  C2lorf25 FBXO02l  DKFZp347K ARCNI ZNF294  SHARP NMU
e C BIGI PC4 " MEST SiM2 SimM2 SiM2 SimM2 SimM2 SIM2 SIM2
4 2 SAAL CDKé* FBX02!  DNASEIL! DNASEIL! DNASEIL! DNASEIL1 DNASEILI DNASEIL! DNASEIL1L
SiM2 MADH4  TRIP6 Unknown Unknown Unknown Unknown Unknown Unknown  Unknown
6 3 CDKé* CCBP2 HMGNI  HMGN{  HMGN!  HMGNI  HMGN1I  HMGNI  HMGNI  HMGNI
FLI31564 POLS pCd PC4 PC4 PC4 PC4 PC4 PC4 PC4
"8 4 HMGN1  Unknown CDK6* CDKe CDK&* CDK§6" CDK6* CDK§® CDKe6* CDK¢®
Y PC4 PRSS3 FLI31564 FZDS® FZDs® FZD3 FZD5® FZDs® FZDs* FZDst
10 S FBX02l  TERFI 0ASI SAAL SAAL SAAI SAAl SAAL SAAL SAAL
BN MINAS3  MMP9 NFIB BIGL BIGL BIG! BIGI BIGI BIG! BIGI
*CDK6.
® Genes were sclected together with CDKG6.
TABLE 6.>‘:C'omparison of prediction accuracies of A
genes frequently selected by BFCS
Number of A Sensitivity Specifici IM/NonIM CDXS
umber of Accuracy Sensitivity Specificity :

Used genes (-) input (%) (%) %) . Low High

CDK6+C190rf2? 2 89.1 53.8 98.0 T 3 7/0 | 0/13

CDK6+FZD5* 2 84.4 76.9 86.3 X

CDK6+GPA33" 2 82.8 76.9 84.3 3 g’ 3/16 | 3/22

CDK6 1 79.7 0.0 100.0

Cl19orf2 1 79.7 0.0 100.0 B

FZD5 1 79.7 0.0 100.0 .

GPA33 1 79.7 0.0 100.0 CDEG6

CDK6+SIM2° 2 79.7 30.8 92.2 IM/NonIM Tow | High

Nagative control® 2 78.8+1.4 0.6£2.9 98.7+1.8 s

Accuracies were calculated by BFCS for LOOCYV data, a 3 10/6 2/30
2 Gene that was frequently selected with CDK6 for LOOCYV data. N 5
b Gene that was frequently selected with CDKG for 10 blind data. R ] 0/8 1/7
¢ Gene that was the frequently selected 2nd for LOOCYV data.
¢ Two genes were randomly extracted from the genes never selected C
by PART-BFCS or PART-BFCS with the U-test methods, and the model
was constructed by BFCS. This procedure was repeated for 20,000 ’ CDK6
times. IM/NonIM -
Low High
3 .
. . . 0 &)
IM and non-IM were obtained from the models including <[ = 10/7 | 3729

CDKS6. The IF-THEN rules were obtained as a matrices that % B 0/7 0/8
are classified by the expression level of selected genes for =
three 2-input models (Fig. 2). Using these matrices, simple FIG. 2. IF-THEN rules including those for CDKG6. Because each

gene can be divided into either a high or a low group using fuzzy logic,
this model comprised 4 (=2°) fuzzy rules. Values on the left in each
matrix indicate the number of IM patients. Values on the right indicate
the number of non-IM patients. (A) For CDK6 and C19or 2. (B) For
CDKG6 and FZD35. (C) CDK6 and GPA33.

with low expression levels of CDKG and GPA33 are likely
to be IM patients, as shown in Fig. 2C. Seventeen patients
showed low expression levels of CDK6 and GPA33 and 10
of them were IM patients, corresponding to 77% (10/13) of
all the IM patients. Non-IM or IM patients clustered at spe-
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cific parts of the matrices.

In this study, we applied PART-BFCS, and PART-BFCS
with the U-test to discriminate esophageal cancer patients
with IM from those with non-IM. It was necessary that a
specific type of BFCS, BFCS-1,2, was used, because the
esophageal cancer data used were highly compleéx. PART-
BFCS and PART-BFCS with the U-test models showed
higher performances than WV and kNN. PART-BFCS with
the U-test was superior to PART-BFCS. The genes including
CDK6 were found using our methods. Accurate [F-THEN
rules were extracted. The genes selected in this study have a
high potential as new diagnosis markers for esophageal can-
cer. These results indicate that these methods are new meth-
ods of marker gene selection for the diagnosis of cancer pa-
tients.
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Abstract. Esophageal squamous cell carcinoma (ESCC) shows
a high frequency of lymphatic and/or systemic metastasis, even
when the tumor invades only the submucosa. To investigate
the genetic alterations in circulating esophageal tumor cells, we
performed array-based comparative genomic hybridization
(CGH) analysis of 8 DNA samples of xenografts, which were
previously established from the thoracic duct lymph of 13
ESCC patients. A total of 5 loci (or genes), 10921.3 (EGR2),
11q13.3 (CCND1/CyclinD1, FGF4, and EMSI), 11q14
(PAK1), and 22qtel (ARSA) were found to be candidate
amplified loci in the xenograft. In contrast, a total of 24 loci
including 9p21 (pl6 and MTAP) were found to be homo-
zygously deleted candidates in the xenograft. Both pl6
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in 6 (75%) and 5 (62.5%) of the 8 xenografts. Furthermore,
by quantitative Southern blot analysis, we found pI6 homo-
zygous deletion in 30.8% (8/26) of the primary tumors and in
50% (4/8) of the metastasized lymph nodes. The frequency
of CCNDI amplification and pl6 homozygous deletion is
suggested to be associated with ESCC progression. Matrigel
invasion assays of pl6-deleted ESCC cells showed that
restoring wild-type pI6 activity into the cells significantly
inhibits tumor-cell invasion, suggesting that p/6 inactivation
could be involved in ESCC invasion. This is the first report
showmcy the genetic alteration of concealed tumor cells in the
thoracic duct lymph. The present gene list should be helpful
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for identifying new amplified and deleted genes in primary
ESCCs as well as in metastasized lymph nodes.

Introduction

In East Asian countries including Japan and China, and in
some parts of Europe, esophageal carcinoma consists mainly
of squamous cell carcinomas located mostly in the thoracic
esophagus, while adenocarcinoma in the distal part of the
esophagus has increasingly become the major pathological
type found in Europe and North America. Esophageal
squamous cell carcinoma (ESCC) is a cancer with one of the
poorest prognoses. ESCC shows lymphatic and/or systemic
metastasis, even when the tumor invades rmlv the submuensa
(1). Therefore, identification of the geneuc alterations
associated with ESCC progression is thought to be important.
However, a comparative study between distantly metastasized
tumors and primary tumors is rarely found compared with
that between metastasized lymph nodes and primary tumors,
because distantly metastasized tumor samples themselves are
difficult to obtain. Furthermore, it is quite difficult to identify
genetic or epigenetic alterations in circulating tumor cells,
since only rare tumor cells exist in the lymphatic duct or
blood vessels (2).

Here we performed array-based comparative genomic
hybridization (CGH) analysis of DNA samples of the xeno-
grafts, which were previously established from the thoracic
duct lymph (3), and report that the accumulation of CCNDI
amplification and p/6 homozygous deletion is associated
with ESCC progression. Furthermore, matrigel invasion assays
of pI16-deleted ESCC cells showed that restoring wild-type p16
activity into the cells significantly inhibits tumor-cell invasion.

Materials and methods

Xenografts from thoracic duct lymphs in esophageal cancer.
A thoracic duct lymph ‘was collected independently from 13
patients with ESCC during surgery by cannulation into the
thoracic duct. The collected volume varied from 20 to 30 ml.
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The collected lymph was centrifuged and the pellets were
subcutaneously injected into the abdomen of BALB/c-nude
mice. Eight established xenografts were previously reported
from 8 out of the 13 patients (3). Here we named the 8
xenografts as Xeno-TDL1-8.

Genomic DNA purification from surgical specimens of ESCC
patients and xenografts. ESCC tissues were obtained from
patients at the National Cancer Center Hospital (Tokyo).
Written informed consent was obtained from all the patients.
All of the surgical specimens and the 8 xenografts were
frozen immediately in liquid nitrogen and stored at -80°C
until use. Genomic DNA was extracted from the frozen
materials by the conventional phenol-chloroform procedure.

Array-based CGH. The gene copy number was assessed
using a commercial array (Genosensor™ Array 300 v1.0,
Vysis, IL, USA) according to the manufacturer's protocol.
The array contains 287 BAC clones corresponding to various
chromosome loci which have been reported to be altered in
various human cancers (list available from the manufacturer's
web site, http://www.vysis.com/). Briefly, DNA samples
isolated from normal human lymphocytes (reference DNA)
and tumor samples (test DNA) were labeled by random
priming with Cy3- or Cy5-labeled dCTP. The DNA probes
(0.1 ug) were mixed with 20 g of unlabeled Cot-1 DNA and
were hybridized to the genomic array, which was then
counter-stained with DAPI and analyzed by the fluorescent
image capturing system, GenoSensor.

Southern blot analysis. Five micrograms of EcoRI-digested
DNA per lane was loaded onto 1% agarose gel, and blotted
onto a nylon membrane filter, Hybond N* (Amersham). The
probes for the full-length of the p/6 ¢cDNA and the CCNDI
cDNA were labeled with [*P]dCTP using Random Primed
DNA labeling kits (Boehringer Mannheim), and hybridized
at 42°C in 5X SSC/0.1% sodium dodecyl sulfate (SDS)/50%
Dextran for 12 h. The filters were washed three times in
0.1% SSC/0.1%SDS at 65°C, and were exposed to X-ray
film at -80°C. To control the contarination of the tumor
samples by normal cells, we performed quantitative Southern
blot analysis. Hybridization and washing were done under the
same stringent conditions as the above procedure. Using a Bio-
image-analyzer (BAS2000; Fujix, Kanagawa, Japan), the
ratio of the signal intensity of the pl6 gerie/a control gene
(PAX-5) was calculated. Homozygous deletion was defined
by the signal intensity of the pl6 gene being <20% of the
internal control gene, PAX-5, located at chromosome 9p13.
For the PAX-5 probe, a 298-bp DNA fragment was amplified
by PCR with the primers (see below) from genomic DNAs.

Genomic PCR amplification of the p16 gene. Sequences of
the primers were as follows: A forward primer, 5'-GGTGTT
TCTTTAAATGGCTC -3, and a reverse primer, 5'-AGCCT
TCATCGAATTAGGTG-3' for pl6; a forward primer, 5'-
GCGGTGCTTCTCCTATGTGAC -3', and a reverse primer,
S-TTTAAAGTGCTCTGCGTGATG-3' for PAX-5. PCR was
performed using Takara ExTaq (Takara Corp., Shiga, Japan)
in a total volume of 50 y1 containing 100 M of each primer
and 50 ng of template DNA. The thermal cycling conditions

KIM et al: ARRAY-BASED COMPARATIVE GENOMIC HYBRIDIZATION OF CIRCULATING CANCER CELLS

were 35 cycles of denaturation at 94°C for 1 min, annealing
at 55°C for 1 min, and extension at 68°C for 1 min. The last
cycle had an additional extension at 68°C for 10 min. The sizes
(437 bp of p16 exon2 and 298 bp of PAX-5) and sequences
of the PCR products were confirmed by agarose gel
electrophoresis and direct sequencing.

Matrigel invasion assay. Two esophageal cancer cell lines,
TE! and TE3, and a mouse fibroblast cell line, STO were
used in this study. TE] has been reported previously to show
no alteration of CCNDI or pl16, whereas TE3 has shown pl6
homozygous deletion but no CCNDI amplification (4,5). To
assess the infective ability of the adenoviral vectors, the cells
were infected with an adenovirus carrying the E coli B-
galactosidase gene under the control of the human cyto-
megalovirus promoter (Ad-lacZ), and 24 h later they were
stained with X-Gal (5-bromo-4-chloro-3-indolyl-8-D-
galactppyranoside). Increased doses of the adenovirus, from
0 to 200 MOI, were used to ascertain the MOI necessary to
infect 80% or more of each cell line. The invasion of the eso-
phageal tumor cells in vitro was measured by the BD
BioCoat™ Matrigel™ Invasion Chamber (BD Biosciences)
according to the manufacturer's protocol. After infection of
Ad-lacZ and an adenovirus carrying pI16 (Ad-pl6) at 100 MOI,
the cells were trypsinized and 500 ym of cell suspension
(1x108 cells/ml) was added in triplicate wells. After 24-h
incubation, the cells that passed through the filter into the
lower wells were fixed and stained with 100% methanol and
1% Toluidine blue, respectively. The number of cells invaded
was counted by photographing the membrane through a
microscope.

Results

Array-based CGH analysis of xenografts derived from
thoracic duct lymph of ESCC patients. We previously
reported that xenografts were established from the thoracic
duct lymph in 8 (61.5%) of the 13 advanced ESCC patients,
whereas only 4 (30.8%) patients showed tumor cells in the
thoracic duct lymph as revealed by skillful cytologists (3).
These facts suggest that circulating tumor cells in the
thoracic duct lymph are very few, but have tumor forming
activity in nude mice. To conclude this, however, we have to
provide more evidence, such as the presence of ESCC-type
genetic alterations in the xenograft. The xenografts are
composed of mouse mesenchymal cells and human tumor
cells. This composition of no contamination of human
mesenchymal cells provides an adv_antage in identifying
homozygously deleted loci, which are very difficult to detect
by many molecular biological techniques such as genomic
subtraction or differential display. To investigate the genetic
alterations in this unique material derived from circulating
esophageal tumor cells, we performed array-based CGH
analysis, which has a great potential for comprehensive
analysis of a relative gene-copy number in tumors (6,7) and
subjectively enables us to identify new amplified and homo-
zygously deleted genes. To investigate the genetic alterations
in the xenografts, we used bacterial artificial chromosome
(BAC) clone-arrays containing the 287 amplified or lost loci
reported previously in each type of tumor (see Materials and
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Figure 1. Representative results of array-based CGH on xenograft DNA derived from the thoracic duct lymph of ESCC patients. Fluorescence ratios on all the
287 chromosome loci between a xenograft DNA (Xeno-TDL2 in Table I) from an ESCC patient and a normal male DNA. Amplified or homozygously
deleted gene candidates and their chromosome loci, whose ratios between the two samples were changed >5-fold or <0.6-fold (arrows), are also indicated. B,

no DNA spot on the array used.

methods). The array-based CGH in the Xeno-TDL2 DNA
sample was shown as a representative result (Fig. 1). A >5-fold
increased gene (or marker) and its chromosomal locus, which
was found in at least one xenograft, are summarized in Table I.
A total of 5 loci (or genes), 10g21.3 (EGR2), 11q13.3
(CCNDI, FGF4, and EMSI), 11q14 (PAKI), and 22qtel
(ARSA) were found to be the candidates amplified in the
xenograft. In the same way, a <0.6-fold decreased gene (or
marker) and its chromosomal locus are also summarized in
Table I. A total of 24 loci were found to be homozygously
deleted candidates in the xenograft. Nine telomeric regions,
1qtel (IQTELI0), 3ptel (CHLI), 4ptel (SHGC4-207), 5qtel
(NIB1408), 8ptel (D8S504 and D8S596), 8q24-qtel (PTK2),
12qtel (stSG8935), 19ptel (129F16/SP6 and stSG42796), and
19gtel (D195238E) were found to be decreased. The other 15
homozygously deleted candidate loci were 1pl2 (DI1S52465
. and DIS3402), 2q21.2 (LRPIB), 3p24.3 (THRB), 3pl4.2
(FHIT), 3921 (RBP1, 2), 3q26.2 (EIF5A2), 6q25.1 (ESRI),
7q32-34 (TIFI), 8p22 (CTSB, PDGRL, and LPL), 9p21 (pI6
and MTAP), 9pl11.2 (AFM137XAl11), 10p13 (BMII), 16q24.2
(CDHI13), 18qll.2 (LAMA3), and 18q21.3 (DCCQC),
respectively.

CCNDI amplification and pl16 homozygous deletion in the
xenografts. Among oncogene amplifications in primary
ESCCs, CCNDI amplification has been reported to be most
frequent (8). Consistent with these data, CCNDI amplification
was also revealed by array-based CGH analysis of the xeno-
grafts (Table I). To confirm the CGH results, we first
investigated this gene amplification by a classical but faithful
method, Southern blot hybridization, in the 8 xenograft DNA
samples. Of them, 5 xenografts (Xeno-TDL1-5) showed

CCND1 amplification (Fig. 2A), thereby providing evidence
that the xenograft was derived from the circulating tumor
cells in the thoracic duct lymph.

As shown in Table 1, the array-based CGH analysis also
showed frequent deletion of the 9p21 locus containing MTAP
and pl6. In the 8 xenografts, we next checked for pI6
homozygous deletion by genomic PCR using human specific
primers. Six (75%) out of the 8 xenografts showed pI6
homozygous deletion (Fig. 2B). No change in the pI6 copy
number in 2 xenografts (Xeno-TDL6 and Xeno-TDLS8)
shown by genomic PCR was also demonstrated by the array-
based CGH (Xeno-TDL6: 1.13 and Xeno-TDL8: 1.17 in
Table I). In the xenograft DNA samples, any homozygously
deleted genes are detectable by PCR only using human
specific primers. _

Of the 8 xenografts, only one (Xeno-TDL8) showed no
alteration in both CCNDI and pI6. Southern blot and genomic
PCR analyses of these two genes suggest that most xeno-
grafts were derived from the circulating tumor cells in the
thoracic duct lymph.

Quantitative Southern blot analysis of pl6 in metastasized
lymph nodes of ESCCs. We previously reported pl6 mutations
in 4 (16%) of 25 primary ESCCs (5). Other investigators
successfully detected pl6 homozygous deletion in metastasized
lymph nodes (16%, 5/31) by comparative multiplex PCR,
and found a decreased amount of pJ6 PCR product in 2 out
of 5 primary tumors exhibiting p/6 homozygous deletion in
metastasized lymph nodes (9). Quantitative PCR analysis
provides a quick method for determining the copy number of
specific DNA sequences in a large number of clinical samples
including paraffin-embedded tissues and biopsy samples.
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Table I. Homozygous deleted or amplified candidate loci identified by array-based CGH.

Xeno-TDL?

Gene or marker Chromosomal loci 1 2 3 4 5 6 7 8
>5-fold D65414 6pl2.1-p21.1 227 6.45 1.60 2.58 2.30 1.17 127 1.09
EGR2 10q21.3 6.28 694 438 691 6.45 0.90 1.1 0.78
CCNDI 11q13 5.51 653 483 6.09 5.88 1.00 1.18 1.07

EMSI 11ql3 591 671 487 6.35 4.58 1.09 1.62 1.3
PAKI 11qi3-ql4 543 620 4.13 6.03 455 0.89 1.73 0.93
9ARSA 22q tel 1.33 1.59 1.01 1.63 1.79 1.10 7.32 1.32
<0.6-fold DIS2465,D153402 1pl2 097 094 092 0.87 1.07 0.98 0.57 0.87
IQTELIO lq tel 091 125 072 1.14 0.89 082 053 0.82

LRPIB 2q21.2 0.54 039  0.66 048 0.56 0.66 094 0.5
3PTELOI,CHLI 3ptel 0.66 0.58 0.70 0.64 0.68 0.39 091 048
THRB 3p24.3 0.85 071 091 0.77 0.84 064 051 0.66
FHIT 3pl42 0.76 070 0.3 0.71 0.69 047 0.78 054
RBP1,RBP2 3g21-g22 1.17 1.07 1.13 1.04 0.95 148 0.54 1.59
EIF5A2 392622 0.96 092 092 095 083 146 057 1.38
SHGC4-207 4p tel 0.93 0.83 096 0.89 0.81 092 045 0.88
NIB1408 5qtel 0.73 0.85 071 0.90 0.77 104 052 1.08
ESRI 6g25.1 0.84 085 082 0.87 0.85 0.57 0.35 0.64
TIF1 7932-q34 1.15 0.99 1.09 1.00 0.96 104 057 1.01
D85504 8p tel 0.57 046  0.59 0.54 0.56  0.53 0.75 0.57
D85596 8p tel 0.60 0.52 0.0 047 0.5 058 07 0.54
CTSB 8p22 0.66 0.60  0.69 0.53 0.62 0.66 1.78 047

PDGRL 8p22-p21.3 0.51 052 066  0.00 0.76 0.62 1.99 0.8
LPL - 8p22 0.74 075 081 0.80 0.73 065 051 0.66
PTK?2 8q24-qter 0.97 1.16  0.96 1.07 1.04 147 055 143
MTAP 9p21 0.62 0.55 0.79 0.58 0.69 10R 045 111
CDKN2A (pl6) 9p21 0.65 0.54 0.0 0.62 0.76 1.13 0.71 1.17
AFMI137XAll 9pll2 1.15 104 1.11 0.95 1.04 079 038 0.74
BMII 10p13 0.89 0.79 1.04 0.81 0.77 1.05 0.51 0.87
stSG8935 12q tel 1.16 1.15 1.04 1.12 1.11 1.13 0.55 1.13

CDHI13 16924.2-q24 3 0.74 070 084 0.77 0.81 098 054 09
LAMA3 18ql1.2 0.69 071 085 0.72 0.70 0.55 2.16 0.51
DCC 18q21.3 0.67 0.79 1.12 0.60 0.64 0.81 144 099
stSG42796 19p tel 0.99 1.18  0.86 1.20 0.75 1.11 044 1.27
2D19S238E 19q tel 0.67 066 0.78 0.77 0.60 070 061 0.72

"Xenografts established from the thoracic duct lymph of ESCC patients.

However, the PCR method is so unstable that we often suffer
low reproducibility, and an experiment requires several
repetitions (10).

In this study, to examine the frequency of pI6 homozygous
deletion in metastasized lymph nodes and primary ESCCs,
quantitative Southern blot analysis was performed. Each blot
contains 1, 3 and 9 ug of EcoRI-digested DNA of normal
portions, primary tumors and metastasized lymph nodes to
control for possible contamination of the tumor samples by

various amounts of normal cells. Representative results of the
quantitative Southern blot analysis are shown in Fig. 3.
Consistent with previous reports (10,11), a homozygous
deletion was defined if the p/6 signal was <20% of the signal
from a control gene, PAX-5, located on chromosome 9q. We
found that pJ6 homozygous deletion in primary ESCC and
metastatic lymph nodes was detected in 30.8% (8/26) and
50% (4/8) of the cases, respectively (Fig. 3). In summary,
p16 homozygous deletion frequency is likely found to
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Figure 2. CCND! amplification and p/6 homozygous deletion in the xenografts. (A) Southern blot analysis with CCNDI of 6 xenografts, Xeno-TDL1-6,
mouse genome DNA, and human genome DNA. CCND! amplification was found in the Xeno-TDL1-5, (B) Genomic PCR of pl6 exon2 and PAX-5 in 8
xenografts, Xeno-TDL1-8. Two DNA fragments (437 bp of p16 exon2 and 298 bp of PAX-5) amplified by PCR from 50 ng xenograft DNA was analyzed by
ethidium bromide-stained 2% agarose gels. An esophageal cancer cell line TES, in which pI6 has been reported to be deleted, is used as a ne

gative control,
and human normal esophagus DNA as a positive control. p/6 homozygous deletion was found in 6 (75%) of the 8 xenografts. ’
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Figure 3. Quantitative Southern blot analysis‘of the p/6 gene in both primary ESCCs and metastasized lymph nodes. Various amounts of EcoRI-digested
genomic DNA (9, 3, 1 ig) are loaded to compare the intensity among primary tumor (T), metastasized lymph node (LN) and normal tissue (N). In cases 1, 2,

4,and 5, DNA from the primary tumor or the metastasized lymph node show a remarkable decrease in the signal intensity of pI6 compared to normal tissues,
whereas the internal control gene PAX-5 demonstrated the same intensity in each volume of the genomic DNA between tumor and normal tissues.
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Figure 4. Matrigel invasion assays of esophageal cancer cells infected with Ad-pl6. The invasion of pl6-transfected TE3 cells was reduced compared to that
of the Ad-lacZ adenovirus control and mock-infected cells; however, no difference of invasion was observed between pl6-transfected TE] cells and these two
controls. TE1 and TE3 (pI6-null), esophageal cancer cell lines, and STO, a mouse fibroblast cell line, which is used for a control of invasion assay. "p <0.005.

increase in association with ESCC progression (primary
tumors, 30.8%; metastatic lymph nodes, 50%; and circulating
tumor cells, 75%).'

Adenovirus-mediated pl6 gene transfer suppresses invasion
of pl6-deleted esophageal tumor cells in vitro. The increment
of pl6 deletion frequency associated with ESCC progression
suggested different functions for p16 aside from its control of
the cell cycle. Therefore, we performed matrigel invasion
assays to understand the biological consequences of the pl6
inactivation in ESCC progression. In this assay, we used two
esophageal tumor cell lines, TEL and TE3. TEl has been
reported previously to show no alteration of both CCNDI
and pl6, whereas TE3 has shown pl6 homozygous deletion
but no CCNDI amplification (4,5). After infection of Ad-
lacZ and an adenovirus carrying pl6 (Ad-p16) at 100 MOI,
which were necessary to infect 80% or more of each cell line
(data not shown), the cells were trypsinized and used for the
matrigel assay. The invasion of the pI6-transfected TE3 cells
was reduced compared to that of the Ad-lacZ adenovirus
control and mock-infected cells; however, no difference of
invasion was observed between pl6-transfected TE1 cells
and these two controls (Fig. 4). These results suggest that
p16 inactivation could be involved in ESCC invasion.

Discussion

The amplification frequency (62.5%) of the CCNDI gene in
the xenografts was much higher than that reported previously
(28% and 38%) in both 32 primary ESCCs and 13 ESCC cell
lines reported previously (8). In regard to primary ESCCs,
we previously reported that the 1p34 locus containing
MYCLI, 2p24 (MYCN), Tp12 (EGFR), 8pll (FGFRI), and
12q14 (MDM?2) were amplified in one of the 32 cases (3%),
and the "17q12 locus (ERBB2) in 2 of the 32 cases (6%),

while only the 11q13 locus (CCNDI, FGF4, and EMSI) was
frequently amplified (28%, 9/32) (8). Another group reported
that the 11q22 locus containing ¢c/AP] and MMPs has been
reported to be amplified in 4 of 42 primary ESCCs (9.5%)
(12). Therefore, it has been concluded that the. 11q13 locus is
the most frequently amplified and a major target in ESCC
development. EMSI in the same amplified locus is known to
be involved in invasion and metastasis (13), a function that
may account for a report that amplification of the 11q13
locus is useful for predicting outcome and distant organ
metastasis in ESCC patients (14).

We found that the p/6 deletion frequency increases in
association with ESCC progression (primary tumors, 30.8%;
metastatic lymph nodes, 50%; and circulating tumor cells,
75%). Matrigel invasion assays of pl6-deleted ESCC cells
showed that restoring wild-type pl6 activity into the cells
significantly inhibits tumor-cell invasion, suggesting that p/6
inactivation could be involved in ESCC invasion. Recently,
there is accumulating evidence showing different functions
including migration, angiogenesis, and skeletogenesis for
pl6 aside from its control of the cell cycle (15,16). It has been
reported that adenovirus-mediated p/6 gene transfer suppresses
glioma invasion (17). This report also showed that exogenous
pl6 expression significantly reduced the expression of matrix
metalloproteinase-2 (MMP-2), an enzyme involved in tumor-
cell invasion. Recently, it has also been reported that pI6
inhibits MMP-2 expression through the attenuation of Spl
binding to the MMP-2 promoter (18). In ESCCs also, the
targets for a transcription factor Spl should be identified for
understanding the detailed mechanism of pI6 in invasion
inhibition and for developing new anti-tumor drugs.

Our established xenografts can provide highly sensitive
results in detecting gene amplification and deletion by array-
based CGH. Many genetic alterations in ESCCs have also
been found in other squamous cell carcinomas, especially in

- 154 -



ONCOLOGY REPORTS 16: 1053-1059, 2006

" head and neck SCCs. Therefore, the present gene list should
be helpful for identifying new amplified and deleted genes in
primary tumors as well as in metastasized lymph nodes not
only in ESCCs but also in head and neck SCCs.
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