
Abstract. Genes whose expression was modulated in two
different tumor types, lung or pancreatic carcinoma, were
identified by DNA microarray and subsequent expression
correlation analyses. For more accurate comparison of the
gene expression between tumor and normal cells, tumor cells
and normal epithelium cells were isolated by laser-captured
microdissection. Genes whose expression was significantly
altered in lung carcinomas or pancreatic carcinomas as
compared to their normal counterparts were ranked by the T-
values calculated from the Fisher’s ratios and their
corresponding background Fisher’s ratios, followed by
statistical confirmation using the Welch’s t-test. Among the
genes that were ranked in the top 150, either in lung
carcinomas or pancreatic carcinomas, expressions of MAD2,
BUB1, BUB1B, HEC, CENPE, ZWINT, KNSL1, SMC4,
CCNB, TK and PMS2L6 were found to be significantly up-
regulated in both tumor types. Interestingly, 8 of the above 11
genes code for the proteins involved in the mitotic spindle
assembly and chromosome segregation. Furthermore, the
search for genes whose expression correlated with one of the
above 5 genes yielded additional genes that are also considered
to be involved in mitotic spindle assembly and chromosome
segregation. Thus, increased expression of the genes for mitotic
spindle assembly and chromosome segregation are a common

feature of at least lung carcinomas and pancreatic carcinomas
and, therefore, such genes may be potential targets for widely
effective anticancer agents.

Lung cancer and pancreatic cancer are among the most

frequent causes of cancer death worldwide. Although new

molecular-targeting drugs such as Iressa and Gemzar have

been introduced into their treatment, the efficacy of

chemotherapeutic agents against these cancers is still

limited (1, 2). Since lung and pancreatic cancers are often

asymptomatic in their early stages, most patients have

widespread disease at the time of diagnosis. Genome-wide

gene expression analysis by DNA microarray with surgical

specimens has led to the identification of new sets of genes

involved in the development and growth of tumors,

metastasis, prognosis and sensitivity and resistance to drugs

in many cancer types (3, 4). 

DNA microarray is a powerful technique for comprehensive

analysis of gene expression, though a method for extracting

genes of interest from a large number of genes using a

relatively small number of samples has not been well

established. Previously, we adopted a combination of the

Fisher’s ratio and the leave-one-out method to analyze DNA

microarray data and identified genes that were differentially

expressed between HBV- and HCV-infected hepatocellular

carcinomas (5, 6).

In an attempt to understand more about the fundamental

molecular characteristics of lung and pancreatic cancers and

to identify useful molecules for therapies and diagnosis

across different tissue and tumor types, we analyzed the

gene expression profiles of two different tumor types, lung

carcinomas and pancreatic carcinomas, and compared the

results with profiles of their normal counterparts. 

Because of a higher percentage of stromal cells such as

fibroblasts within lung and pancreatic tumor tissues, gene
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expression profiling of these tumor tissues is rather

complicated. To achieve an accurate comparison of the gene

expression profiles of tumor and normal cells, cells in tumor

tissues and their normal counterparts, i.e. normal epithelia of

lung and pancreatic ducts, were isolated by laser-captured

microdissection. For DNA microarray data analysis, T-values

from Fisher’s ratio and its corresponding background Fisher’s

ratio were applied to select genes whose expression was

significantly altered in tumor tissues; the significance of the

expression was statistically confirmed by Welch’s t-test. By

this gene selection procedure, we found that the expression

of the 8 genes that are involved in spindle checkpoint and

function during the metaphase to anaphase transition are up-

regulated in both lung carcinomas and pancreatic carcinomas.

Furthermore, a search for genes whose expression correlated

with that of these 8 genes yielded additional genes

responsible for mitotic spindle assembly and/or chromosome

segregation. Thus, the altered expression of the genes for the

metaphase to anaphase transition seems a common and

important cellular response in tumor cells in vivo.

Materials and Methods

RNA isolation from microdissection sample. Samples of lung

carcinoma and pancreas carcinoma were collected at Tohoku

University Hospital and Yokohama City University Hospital,

Japan, respectively. Written informed consent was obtained from

all patients before surgery and the study protocol was approved by

the Institutional Review Board for the Use of Human Subjects at

each university. Tumor cells and non-tumorous normal cells were

isolated by laser capture microdissection (model LM200, Arcturus,

CA, USA). RNA isolation from microdissected samples was done

with a Micro RNA Isolation Kit (Stratagene, CA, USA) according

to the instruction manual.

cRNA synthesis and hybridization. Biotin-labeled cRNA was

synthesized by two rounds of cDNA synthesis. In the first round,

cDNA was synthesized from 20-50 ng of total RNA with 5 pmole of

T7-promoter-linked (dT)-24 primer, 5’-GGCCAGTGAATTGTAA

TACGACTCACTATAGGGAGGCGG-(T)24-3’, in RT-buffer

containing 0.5 mM dNTPs, 10mM DTT, 5mM MgCl2 and 50 units

of SuperScript II Reverse Transcriptase (Invitrogen, CA, USA) at

42ÆC for 1 h. Reverse strand cDNA was synthesized at 16ÆC for 

2 h in a buffer containing 0.2mM dNTPs, 40 units of E.coli DNA

polymerase, 1 unit of E.coli DNA ligase and 2 units of RNase H.

Next, T4 DNA polymerase (10 units) was added to the reaction

mixture and incubation was continued at 16ÆC for 5 min. The

resulting cDNA was purified with Phase Lock Gel Light

(Eppendorf, Germany), precipitated in ethanol and used as the

template for cRNA synthesis. cRNA was synthesized with T7 RNA

polymerase (MEGAscript, TX, USA) in a buffer containing 7.5mM

of dNTPs at 37ÆC for 6 h, purified with RNeasy (QIAGEN, CA,

USA), precipitated in ethanol and used as the template for the

second round of synthesis. In the second round, cDNA was

synthesized in a buffer containing all the cRNA synthesized in the

first round, 1 Ìg of random hexamer (Invitrogen) 0.5 mM dNTPs,

10mM DTT, 5mM MgCl2 and 50 units of SuperScript II RT at

25ÆC for 10 min followed by 50-min incubation at 42ÆC. RNase H

(2 units) was then added to the reaction mixture and incubation

was continued at 37ÆC for 20 min. After inactivation of RNase H at

95ÆC for 2 min, reverse strand cDNA was synthesized with the T7-

promoter linked (dT)-24 primer at 16ÆC for 2h, purified with Phase

Lock Gel Light, separated from the oligo-hexamer by QIAquick

(QIAGEN), and precipitated in ethanol. The biotin-labeled cRNA

was synthesized from the second round cDNA as a template. The

cDNA was incubated in a buffer containing T7 RNA polymerase,

7.5 mM each of ATP, GTP and biotin-CTP, and biotin-UTP at

37ÆC for 6 h. The resulting cRNA was purified with RNeasy

(QIAGEN) and precipitated in ethanol. This procedure yielded

approximately 100 Ìg of biotin-labeled cRNA from 20-50 ng of

total RNA. After confirming the quality of cRNA by

electrophoresis, 30 Ìg of the cRNA was fragmented in a buffer

containing 40 mM Tris-acetate, pH 8.1, 100mM KOAc and 30 mM

MgOAc at 95ÆC for 35 min.

Ten micrograms of the fragmented cRNA were used for the

hybridization with Affymetrix GeneChip®. Hybridization, washing,

staining, amplification of the signals and scanning of the signals

were carried out as described in previously (5, 6). The signal was

calculated and normalized (global scaling by target intensity at 300)

with Affymetrix Microarray Suite software (ver. 4.0).

Statistical analysis and selection using Fisher’s ratio. Gene selection

was carried out using a two-step selection procedure. Genes whose

expression was significantly different between the two groups were

selected according to the T-value calculated by Fisher’s ratio and

background Fisher’s ratio (5,6), followed by statistical confirmation

from Welch’s t-test. 

The Fisher’s ratio for the jth gene was calculated by the formula:

F(j)=(Ìj(A)-Ìj(B))2/(P(A)Û–j2(A)+P(B)Û–j2(B)) 

where Ìj represents the mean value, Û–j2 represents the variance, and

P represents the number of the a priori probability. To reduce sampling

error, Fisher’s ratio was calculated for all [nACnA-1 x nBCnB-1] sample

combinations generated by extracting one sample from each group (A

and B); distributions of all sample combinations were determined. 

Distribution was evaluated using the background Fisher’s ratio that

was calculated from randomly generated sample combinations, where

samples were randomly divided into two groups consisting of nA and

nB irrespective of their cell types, i.e., tumor or normal cells. In this

process, the random permutation method was applied 1000 times to

produce a background distribution. 

Distribution of the Fisher’s ratios is symmetrical for the average

values when two groups are different, whereas the average of the

Fisher’s ratio is close to 0 and the distribution takes positive value

if two groups are not different. Therefore, the Fisher’s ratio’s

distribution generated by 1000 random trials was adjusted by the

distribution of a presumptive 2000 trials that was symmetrical to

the Y axis, where the average Fisher’s ratio is 0. Then, each gene

was ranked according to a T-value for z-test between distributions

of the true Fisher’s ratio and background Fisher’s. The T-value for

the jth gene was calculated by following formula:

Tj=(Fj avg. of true – Fj avg. of bg) / (Û–j
F

true
2/ntrue+Û–j

F
bg

2/nbg) 0.5

where Fj avg. of true, Fj avg. of bg, Û–j
F

true
2, ntrue, Û–j

F
bg

2 and nbg are the

mean of Fisher’s ratio, the mean background Fisher’s ratio,
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variance of true Fisher’s ratio, the number of sample sets for

calculating true Fisher’s ratios, variance of background Fisher’s

ratios and the number of sample sets for calculating background

Fisher’s ratios. In addition, Û–j
F

bg was replaced by (1000-1/2000-

1)0.5 x ÛF
bg for correction. Δhe absolute value of T-values were not

considered because Fj avg. of true > Fj avg. of bg is important in this

process. Finally, the significance of differences in the expression of

the selected genes was validated by Welch’s t-test, which is

indicated as the p-value. 

Gene clustering and Pearson’s correlation analysis. Clustering was

performed with a hierarchical clustering tool (7) after normalizing

each gene expression and calculating the average distance.

Pearson’s correlation was calculated using Microsoft EXCEL.

GeneSpring 5.0 (Silicon Genetics, CA, USA) was used for gene

ontology classification .

Results

To profile the gene expressions of the two tumor types, laser-

capture microdissection was used for the DNA microarray

because lung tumor and pancreatic tumor tissues often

contain large portions of stroma cells such as fibroblasts.

For the comparison of gene expression profiles between

tumor cells and corresponding normal tissues, we isolated

cells from the normal epithelium of lung and pancreatic

ducts. Total RNA was isolated from approximately 2,000

cells of 14 lung carcinomas, 9 normal lung epithelia, 13

pancreatic carcinomas and 13 normal epithelia of pancreatic

ducts. Because the total RNA extracted from the dissected

cells (20-100 ng) was not sufficient to generate cRNA for

hybridization, it was amplified by twice repeating the

synthesis of cDNA and cRNA.

To identify the genes whose expression was significantly

different between tumor and normal cells, we calculated

Fisher’s ratios for various combinations of the sample sets.

For lung tissues, we created 14 different sample sets

consisting of 13 lung carcinomas and 9 different sample sets

consisting of 8 normal lung epithelia. The average and

standard deviation of the Fisher’s ratios between tumor and

normal from all 126 (14 x 9) combinations were calculated

for each gene. To evaluate the distribution of the true

Fisher’s ratio, mean background Fisher’s ratios were

calculated from 1000 randomly-generated sample sets,

which were further adjusted by the distribution of 2000

presumptive trials (see Materials and Methods). Then, the

true Fisher’s ratios for each gene were ranked in order of

T-values for the z-test, that was determined with the true

and background Fisher’s ratios. The same analysis was

performed with pancreatic carcinomas and normal

epithelium of the pancreatic ducts, and the genes ranked

based on the order of the T-values. Figure 1 shows a

scattered plot of T-values and p-values determined by the

Welch’s t-test in each gene. In both lung carcinomas and

pancreatic carcinomas, all of the top 150 genes ranked by

this method showed p-values less than 0.05 (Figure 1 B).

When the lung tissue specimens were clustered with genes

that were ranked in the top 150, tumor and normal samples

were clearly separate; the same was also true for pancreatic

tissue specimens (Figures 2 and 3). Among the top 150

ranked genes for lung or pancreatic tissues, many encode

proteins responsible for the mitotic spindle assembly and/or

chromosome segregation that function at G2-M transition.

We therefore examined whether the expressions of genes
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Figure 1. T-values calculated from Fisher’s ratio and p-values from Welch’s t-test. T-values for each gene were calculated from Fisher’s ratio and
background Fisher’s ratio and plotted along with p-values of Welch’s t-test. A: Double plot of the T-values and p-values for all genes. B: Double plot of
the T-values and p-values for the top 150 genes selected according to the T-values. Blue dots and red dots indicate genes selected from lung tissues and
from pancreas tissues, respectively. All the top 150 genes selected by T-value show statistical significance (p<0.05) as shown in panel B.



involved in the spindle and kinetochore were different

between tumor and normal cells in lung and pancreatic

tissues. According to the classification of the genes based on

annotation using the GeneSpring ontology, the Affymetrix

U95A chip appeared to contain 42 probes for the spindle-

and kinetochore-related genes. Clustering the lung or

pancreatic tissues with the 42 genes also clearly distinguished

tumor tissues from normal tissues (Figure 4). These results

indicate that one of the most significant differences in the

gene expression profiles between tumor and normal tissues is

the modulation of the expression of the genes for spindle,

kinetochore and their related functions.

In an attempt to identify common changes in gene

expression among tumors of different tissue types and stages,

we looked for genes whose expression was altered in both

lung carcinomas and pancreatic carcinomas. Among the top
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Figure 2. Separation of tumor cells from normal cells by clustering with
genes selected according to T-values in lung tissues. Lung carcinoma
tumor and epithelium of normal tissues were clustered with the top 150
genes selected according to their T-values (A) and with the 11 genes that
were commonly selected in both lung and pancreas tissues (B). Eight out
of the 11 genes that were commonly selected in both lung and pancreas
tissues are responsible for spindle and/or kinetochore. Note that the
expression of the 8 genes was up-regulated in tumor cells compared with
normal cells in lung.

Figure 3. Separation of tumor cells from normal cells by clustering with
genes selected according to their T-values in pancreatic tissues. Pancreatic
carcinoma (tumor) and pancreatic duct epithelium (normal) tissues were
clustered with the top 150 genes selected according to their T-values (A)
and with the 11 genes that were commonly selected in both lung and
pancreas tissues (B). Eight out of the 11 genes that were commonly
selected in both lung and pancreas tissues are responsible for spindle
and/or kinetochore. Note that the expression of the 8 genes was up-
regulated in tumor cells compared with normal cells in pancreas.



150 ranked genes whose expression was significantly altered

in lung carcinomas and pancreatic carcinomas as compared

to their normal counterparts, 11 genes were found whose

expression was up-regulated in both tumors: MAD2L1,
KNSL1, ZWINT, BUB1B, PMS2L6, CENPE, TK (thymidine
kinase), HEC, SMC4L1, CCNB1 and BUB1 (Figures 2B, 3B

and Table I). Although PMS2L6 and TK are responsible for

DNA mismatch repair and DNA synthesis, respectively (8,

9), other genes encode proteins for mitotic spindle assembly

and/or chromosome segregation. BUB1 (10), BUB1B (11,

12), CENPE (13) HEC (14) and MAD2 (15-18) proteins

serve as spindle checkpoints by inactivating the CDC20
protein (19-21). We therefore asked whether the expression

of BUB1, BUB1B, CENPE, HEC, or MAD2L1 correlated

with that of CDC20. As shown in Figure 5, expression of

CDC20 was also up-regulated in tumors compared to normal

tissues, but it did not correlate well with the expression of

the above 5 genes. However, there was a clear correlation

between the expression of HEC and that of BUB1B in both

lung carcinomas and pancreatic carcinomas (Figure 5F). The

search for genes whose expression correlated to that of

BUB1, BUB1B, CENPE, HEC, or MAD2L1 with a p-value

less than 0.01, in both lung carcinomas and pancreatic

carcinomas, yielded 40 genes. Among these 40 genes, 13

genes turned out to be responsible for the spindle and/or

kinetochore, or chromosome segregation-related genes. As

shown in Table II, the expression of BUB1 correlated with

that of HSP90, HEC, alpha-centractin, CENPE and

topoisomerase truncated form, and that of HEC correlated

with those of TOPBP1, STK15, YES1 and CCNB1.

Furthermore, there were clear correlations of the expression

between TTK and TOP2A, between MAD2L1 with CENPF,

and between MAD2L1 and a gene for kinesin-related

protein. All of the genes described above encode proteins

involved in spindle assembly and/or chromosome segregation

at the metaphase to anaphase transition. Together, these
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Figure 4. Separation of tumor cells from normal cells by clustering with genes for kinetochore- and spindle-related genes. Tumor and normal tissues of
lung (A) and pancreas (B) were clustered with 42 genes that are classified as kinetochore- and spindle-related genes. Kinetochore- and spindle-related
genes in the probes of the Affymetrix GeneChip U95A ver.2 were selected based on the ontology classification of genes by GeneSpring. Expression patterns
between tumor and normal cells of most of genes are similar in pancreas and lung, but those of genes with orange bars (U50733, PS1, KNSL4, PSEN1,
BIRC5 and ZW10) show different patterns.



results suggest that up-regulation of the expression of the

genes for mitotic spindle and chromosome segregation is a

common feature of tumor cells in at least lung and

pancreatic cancers. 

Discussion

We selected 150 genes whose expression was modulated in lung

carcinomas or pancreatic carcinomas as compared to their

normal counterparts, i.e. epithelium of lung and pancreatic

ducts. To avoid the stroma cells from gene expression analysis,

DNA microarray was performed with tumor cells and

corresponding normal cells isolated by laser capture

microdissection. Previous reports also compared the gene

expression profiles of pancreatic adenocarcinomas with normal

epithelium of ducts (22, 23). In this study, we looked for genes

that were commonly up-regulated or down-regulated in

different tumor types, and gene expression profiling was carried
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Table I. Genes that were commonly identified in top 150 selected genes in lung and pancreas tissue samples.

lung panc

probe set Common Genbank Map N-average T-average T/N= p-value N-average T-average T/N= p-value 

of t-test of t-test

37282_at MAD2L1 AJ000186 4q27 16.7±16.2 150.5±119.5 9.0 0.00106 22.3±10.2 65.8±42.3 2.9 0.00307

40726_at KNSL1 U37426 10q24.1 31.3±15.2 353.5±183.3 11.3 0.00002 70.4±28.7 192.3±89.1 2.7 0.00032

35995_at ZWINT AF067656 10q21-q22 162.2±43.8 1535.6±1018.0 9.5 0.00022 263.0±93.9 770.3±152.1 2.9 0.00000

35699_at BUB1B AF053306 15q15 87.6±37.9 407.1±207.3 4.6 0.00006 67.6±17.0 193.6±44.5 2.9 0.00000

32310_f_at PMS2L6 AI341574 7q11-q22 89.5±31.6 272.0±121.9 3.0 0.00007 105.6±45.4 178.3±45.5 1.7 0.00043

37173_at CENPE Z15005 4q24-q25 7.0±3.5 62.1±34.6 8.9 0.00004 6.3±1.7 22.8±22.7 3.6 0.02226

41400_at Thymidine K02581 16 172.9±62.9 645.0±283.2 3.7 0.00002 223.8±72.3 476.2±189.1 2.1 0.00040

kinase 1

40041_at HEC AF017790 18p11.31 91.3±24.6 737.1±457.6 8.1 0.00015 128.1±74.4 368.8±138.6 2.9 0.00003

34878_at SMC4L1 AB019987 3q26.1 73.6±30.4 389.3±273.6 5.3 0.00083 51.5±22.2 135.4±86.2 2.6 0.00448

34736_at CCNB1 M25753 5q12 20.8±13.4 399.6±246.3 19.2 0.00007 54.8±24.9 218.3±90.2 4.0 0.00002

41081_at BUB1 AF053305 2q14 22.5±12.8 95.9±50.9 4.3 0.00011 19.5±9.9 52.7±14.9 2.7 0.00000

T/N: fold change from average.

Table II. Genes whose expression correlated with that of sprindle checkpoint genes and are annotated as kinotochore, sprindle and/or cell cycle regulator.

lung panc

R= p-value R= p-value

correlation probe

with set name Genbank normal tumor normal tumor normal tumor normal tumor

BUB1 33984_at HSP90 M16660 0.20827 0.66632 0.59076 0.00927 0.27428 0.76149 0.36448 0.00249

BUB1B 40041_at HEC AF017790 0.17073 0.80793 0.66053 0.00047 0.32325 0.75760 0.28134 0.00270

BUB1B 40052_at alpha-centractin X82206 0.04522 0.66539 0.90803 0.00940 0.17569 0.68711 0.56588 0.00947

CENPE 904_s_at topisomerase L47276 0.35131 0.75735 0.35390 0.00171 0.07661 0.82605 0.80356 0.00050

truncated form

CENPE 572_at TTK M86699 0.26738 0.71506 0.48671 0.00405 0.15075 0.80071 0.62301 0.00101

CENPE 40145_at TOP2A AI375913 0.40864 0.71436 0.27484 0.00410 0.11770 0.76879 0.70176 0.00213

HEC 38834_at TOPBP1 D87448 0.46506 0.85710 0.20716 0.00009 0.27504 0.69860 0.36310 0.00790

HEC 34852_g_at STK15 AF011468 0.79709 0.82081 0.01010 0.00032 0.50624 0.72144 0.07753 0.00538

HEC 1674_at YES1 M15990 0.39334 0.68805 0.29495 0.00652 0.05013 0.87856 0.87082 0.00008

HEC 34736_at CCNB1 M25753 0.28043 0.67576 0.46483 0.00798 0.52419 0.73341 0.06594 0.00433

MAD2L1 1721_g_at MAD2L1 U65410 0.20799 0.93691 0.59127 0.00000 0.73235 0.80665 0.00442 0.00086

MAD2L1 37302_at CENPF U30872 0.51337 0.81226 0.15750 0.00042 0.64759 0.90752 0.01671 0.00002

MAD2L1 38933_at kinesin AL021366 0.14247 0.66756 0.71463 0.00909 0.53421 0.77461 0.06003 0.00018

related protein

Among 40 that were identified by the expression correlation analysis with spindle checkpoint genes, 13 genes that are annotated as kinetochore,

spindle and/or cell cycle regulator are indicated.
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Figure 5. Correlation of the expressions between CDC20 and spindle checkpoint genes. Correlations of the expression of the CDC20 and spindle
checkpoint genes such as BUB1, BUB1B, CENPE, HEC and MAD2L1 were examined. The expression of CDC20 in each sample was plotted with that
of BUB1 (A), BUB1B (B), CENPE (C), HEC (D) and MAD2L1 (E). Correlation of the expression between BUB1B and HEC is also indicated (F).
Gene expression in tissue is indicated as follows: red circles, lung carcinomas; blue circles, normal lung epithelium; red triangles, pancreatic carcinomas;
and blue triangles, epithelium of normal pancreatic ducts. Note that there is a positive correlation between the expression of BUB1B and HEC (F). 



out with pancreatic carcinomas and lung carcinomas. Genes

whose expression differed between tumor and corresponding

normal tissues were ranked by T-values determined from the

true Fisher’s ratios and background Fisher’s ratios, calculated

from various combinations of the tumor and normal tissues.

Validation by Welch’s t-test revealed that differences between

tumor and normal tissues in the expression of the top 150 genes

ranked by T-values were considered to be statistically

significant, because p-values were below 0.05. Performance of

this screening procedure was reasonably high, because cluster

analysis with the genes ranked top 150 in each tumor type

clearly distinguish tumor from normal specimens. Genes ranked

in the top 150 include many genes responsible for G2-M

transition, especially for mitotic spindle assembly and

chromosome segregation, strongly suggesting that one of the

most remarkable features of tumor cells in vivo is the altered

expression of genes involved in G2-M transition. In fact, cluster

analysis with genes involved in mitotic spindle assembly and

chromosome segregation also clearly distinguish tumor tissues

from normal tissues in both lung and pancreas specimens. 

Among the genes whose expression was significantly

different in the tumor tissues as compared to their normal

counterparts, 11 genes were commonly identified in two

different tumor types with different tissue types and stages.

Furthermore, 9 out of the 11 genes were found to be

responsible for mitotic spindle assembly or chromosome

segregation at the metaphase to anaphase transition, and the

expression of all 9 genes were up-regulated in tumor cells as

compared to their normal counterpart. Among these genes,

MAD2L1, BUB1, BUB1B, HEC and CENPE encode spindle

checkpoint proteins that are responsible for monitoring the

attachment of microtubules to kinetochore. Furthermore,

the expressions of other cell cycle and kinetochore-related

genes such as ZWINT, KNSL1, SMC4L1 and CCNB1 also

increased in both lung carcinomas and pancreatic

carcinomas. ZWINT was originally identified as a gene for a

protein that interacts with ZW10, whose defect caused

aneuploidity in Drosophila and was shown to regulate

anaphase onset in a tension-sensitive manner (24). KNSL1
and SMC4L1 encode a microtubule protein necessary for

CANCER GENOMICS & PROTEOMICS 1: 231-240 (2004)

238

Figure 6. Predicted expression network of spindle checkpoint genes, cell cycle regulators and kinetochore binding proteins in tumor cells. An expression
network of the genes for spindle checkpoint, cell cycle regulation and kinetochore binding was predicted based on the gene expression profile and
correlation analysis of the genes that are involved in spindle checkpoint. In lung and pancreatic tumor tissues, expression of spindle checkpoint genes was
significantly up-regulated (center, in red) as compared to their normal counterparts. Up-regulation of the expression of spindle checkpoint genes will
result in the suppression of the CDC20 activity that regulates anaphase promoting complex (APC/C) activity. The dotted blue arrows indicate a correlation
of the expression in both lung carcinomas and pancreatic carcinomas. 



mitotic spindle formation and a protein essential for

mitotic chromosome condensation, respectively (25). The

reason for the increased expression of the G2-M

checkpoint genes in tumor tissues remains unknown, but

the sensitivity and specificity of tumors to M-phase

inhibitors such as taxanes, vinorelbine and epothilones may

be attributable to an increased expression of G2-M

checkpoint genes in tumor cells.

We applied Pearson’s correlation in order to explore the

expression network of spindle checkpoint genes. A search

for genes whose expression correlated with that of

MAD2L1, BUB1, BUB1B, HEC, or CENPE yielded 40

genes. Among these 40, 13 genes including YES1 (26, 27),

CCNB1 (28, 29), TOP2A (and truncated form of

topoisomerase) (30-32), TOPBP1 (33), STK15/Aurola A
(34), TTK (35), Hsp90 (36) and alpha centractin (37) are

involved in the metaphase to anaphase transition. The

predicted gene expression network is summarized in Figure

6. The genes identified by the correlation analysis have not

been reported as spindle checkpoint genes; however,

several lines of evidence suggest that they are involved in

kinetochore and/or spindle function. Both kinesin-related

protein and alpha-centractin are thought to be responsible

for kinetochore movement (37). CENPF shares a sequence

homology with kinesins and localizes at the kinetochore

plate to regulate kinetochore maturation (38). In addition,

CENPF interacts with the CENPE (13), and CENPE also

interacts with BUB1B (39). TTK, STK15 and YES all

possess kinase activities and affect chromosome

segregation. TTK, a human homologue of yeast MPS1, is

required for the assembly of spindle checkpoint proteins

(35). STK15/Aurora A kinase has been shown to be

essential for chromosome segregation and centrosome

functions (34). Furthermore, over-expression of STK15 in

mammalian cells resulted in aneuploidy (34). YES, an src-

related protein tyrosine kinase, is likely to be involved in

mitotic progression because an inhibitor of this kinase

interfered with spindle assembly (26, 27). HSP90 is a core

centrosomal component and treatment of the cells with its

specific inhibitor, geldanamycin, caused aberrant mitotic

spindles (36). In Drosophila, the Cdc37/Hsp90 complex

modulates a function of Aurora B kinase that is essential

for chromosome segregation (40). TOP2A codes for

topoisomerase that is necessary for the maintenance and

segregation of the mitotic chromosomes (30, 32). Finally,

CCNB is a cyclin responsible for the metaphase to

anaphase transition (29). Thus, correlation analysis is a

useful method to explore the functional networks of genes

with mRNA expression profiles. 
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