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Gene Expression Profiles
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The evolutionarily conserved Aurora family kinases, a family of mitotic serine/threonine kinases, has three
members in humans (Aurora-A, -B and -C). Overexpression of Aurora family members, particularly Aurora-A,
has been reported in many human cancers and cell lines. In this study, we present evidence based on comparative
gene expression analysis via quantitative RT-PCR to delineate the relative contributions of these kinases in 60
cell lines and statistical analysis in five different human cancer microarray datasets. The analysis demonstrated
the selective upregulation of these Aurora members in various cancers. In general, Aurora-A exhibited the
highest expression levels, with substantially decreased quantities of the Aurora-C transcript detected relative to
Aurora-A and -B. Moreover, to characterize the roles of each Aurora member, which share many similarities,
we investigated the expression profiles of the family in normal tissues and a panel of different phases of the
HeLa cell cycle. Finally, both Aurora-A and -B were overexpressed in a majority of esophageal tumor tissues in
comparison to the normal variants. Taken together, the results show that each Aurora member exhibits distinct
expression patterns, implying that they are engaged in different biological processes to accomplish more elabo-
rate cell physiological functions in higher organisms.
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AURORA, an evolutionarily conserved family of ser- separation and maturation, bipolar-spindle assembly,
ine/threonine kinases, has drawn intense attention re- mitotic checkpoint, chromosome alignment, and cy-
cently for its association with human cancer develop- tokinesis (7,20). Phylogenetic classification reveals
ment and its role in mitotic progression, including that there are three family members in humans,
control of chromosome condensation, centrosome namely Aurora-A, -B, and -C. A conserved kinase
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domain at the C-terminus characterizes these kinases,
while the N-terminal domains are of variable lengths
and share low sequence identity. All three Aurora
family kinases are highly expressed in the G,/M
phase at the transcription and translation levels, where
they exhibit subtle differences in subcellular localiza-
tion (7,20).

Aurora-A was mapped to chromosome region
20q13.2, in which DNA amplification has frequently
been observed in various human cancers (24,33,34).
Ectopic expression of Aurora-A transforms Rat-1 and
NIH3T3 cells (5,41), suggesting that the kinase pos-
sesses oncogenic potential. In human tumors, gene am-
plification and/or overexpression of Aurora-A have
been detected in a significant fraction of pancreatic
(16), breast (18,32), esophageal (31), prostate (3), gas-
tric (23), bladder (26), ovarian (11), colorectal (30),
and hepatocellular carcinomas (HCC) (28,37). Au-
rora-B was mapped to 17p13.1, in which a DNA de-
letion is associated with various human cancers (9).
Moreover, overexpression of Aurora-B causes multi-
nuclei, thereby leading to genomic instability (35), a
major factor in the predisposition for tumor develop-
ment. Upregulation of Aurora-B was observed in co-
lorectal tumors (1), astrocytomas (2), and seminomas
(8). Aurora-C was mapped to chromosome 19q13.43,
with several kinds of DNA alterations documented in
this chromosome region in human cancers (4,15).
The expression level of Aurora-C is increased in sev-
eral cancer cell lines, including NB1RGB, HeLa,
MDZ-MB-453, HepG2, and HuH7 (15) and in pri-
mary colorectal cancer (30). Taken together, expand-
ing the observation of gene expression profiles for
the Aurora family, particularly Aurora-B or -C, to ad-
ditional human cancer samples would certainly be
worthwhile. Furthermore, systematic comparisons of
gene expressions profiling of each family member are
essential for addressing whether the Aurora family
members are selectively overexpressed in different
human cancers.

There is only one Aurora family member in yeast.
By contrast, there are two in Drosophila, Caenorhab-
ditis elegans, and Xenopus, and three in mice and
humans, implying that the functions of Aurora family
should have been fine-tuned to meet complicated cel-
lular activities in higher organisms. A systematic com-
parison of Aurora members in humans and various
model organisms has revealed the conservation of
their biological networks (36). However, common
characters shared by the family, such as a highly con-
served kinase domain and high expression in mitosis,
raise a question concerning whether Aurora-A, -B,
or -C might possess distinct functions for carrying
out elaborate cell physiological functions in mam-
mals. Recently, the functions of the Aurora family
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has begun to be unraveled, and differences in how
Aurora-A or -B work in mitosis have been reported
(17). Nevertheless, a systematic comparison among
the Aurora family members to depict their expression
levels and to distinguish the roles they play would
be helpful in understanding why the Aurora family
evolved from one member in yeast to three members
in mammals.

Genome-wide microarray analysis has provided in-
sights into the mechanisms of transcriptional regula-
tion of these Aurora kinases. Examples from several
recent microarray studies have greatly expanded our
knowledge of their expression patterns in different
tissues (http://expression.gnf.org/cgi-bin/index.cgi/) (29),
cell lines (examples at http://genome-www.stanford.
edu/nci60) (22), and cell cycle progression (examples
at http://genome-www.stanford.edu/Human-CellCycle/
Hela/) (39). In addition to the detailed but dispersed
reports regarding the expression patterns for these
three Aurora genes, there is a lack of statistical analy-
sis of the patterns of these Aurora family members.
In addition, simultaneous and quantitative investiga-
tion of three Aurora kinases is either inadequate or
completely lacking with respect to the following is-
sues: (i) transcripts of all three Aurora genes show
periodic variations during the cell cycle; however, the
exact temporal expressions of these Aurora genes
through the cell cycle have not been quantitatively
compared; and (ii) all three Aurora genes are mapped
to loci with DNA abnormalities that have been asso-
ciated with many cancers (6,10), yet, except for Au-
rora-A, the gene expression levels of Aurora-B and
-C in different cancers are inadequate.

To elucidate how the three Aurora family members
are transcriptionally regulated and to gain compara-
tive insights into the gene expression signatures of
the Aurora family members, it is imperative to obtain
their quantitative gene expression patterns. In this
study, therefore, RNAs from 23 human tissues, 60
cell lines, and 10 pairs of esophageal carcinoma tis-
sues were collected and analyzed using quantitative
RT-PCR to delineate the gene expression patterns of
each Aurora member. Furthermore, the addition of
comprehensive statistical analysis of the gene expres-
sion patterns for each Aurora member from five can-
cer-related microarray datasets further expands our
knowledge of the physiological and pathological scope
of the Aurora kinases.

MATERIALS AND METHODS
Cell Cultures

Most of the cell lines used in this study were ob-
tained from American Type Culture Collection ex-



GENE EXPRESSION PROFILE OF AURORA KINASES 17

cept those primary culture normal nasal mucosal
cells, primary culture normal cervical epithelial cells,
nasopharyngeal carcinoma (NPC) cell lines, bladder
cancer cell lines (E6, UB(09, UB37, UB40, and
UBA47), esophageal cancer cell lines, and hepatoma
cell lines (Tong, T59, HCC36, HA22T/VGH, PLL5,
and Malaru). In this study, we collected three skin
fibroblast cell lines (HS-68, CCD-966SK, and De-
troit551), mammary epithelial cell line (M10), pri-
mary culture normal cervical epithelial cells, three
primary culture normal nasal mucosal cells (NNM9Y,
NNM11, and NNM13), six nasopharyngeal carcinoma
cell lines (NPC094, NPC112, NPC113, NPC119,
NPC121, and NPC-CNELI), six cervical cancer cell
lines (172, SiHa, z183A, Cx, CaSki and HeLa), 10
hepatoma cell lines (Huh-7, HepG2, Hep3B, SK-
Hepl, Tong, T59, HCC36, HA22T/VGH, PLC5, and
Malaru), four oral cancer cell lines (OECM1, CAL27,
SAS, and Ca9-22), four lung cancer cell lines
(H1155, H522, P13, and CL1-0), two neuroblastoma
cell lines (IMR32 and Gbm), two colon cancer cell
lines (SW620 and HCT-116), two esophageal cancer
cell lines (CE81T/VGH and CE146T/VGH), two
breast cancer cell lines (Bcml and MCF-7), kidney
transformed cell line (293), leukemia cancer cell line
(Jurkat), stomach cancer cell line (Scm1), uroepithel-
ial cell line (E7), and 10 bladder cancer cell lines (E6,
RT4, TSGH8301, UB09, UB37, UB40, UB47, TCC-
sup, J82, and T24). Among these bladder cancer cell
lines, three of them [UB37: stage B2 (Duke classifi-
cation), infiltrative; UB40: stage A, papillary; UB47:
stage B1, papillary] were from the TCC patients of
“black foot disease” high incident area (unpublished
data). These cells were maintained at 37°C in a 5%
CO, incubator and grown in DMEM or RPMI me-
dium supplemented with 10% heat-inactivated fetal
calf serum and 100 pg/ml penicillin/streptomycin
(BRL). CE81T/VGH and CE146T/VGH were derived
from human squamous cell carcinoma of the esopha-
gus (12).

Cell Cycle Synchronization

HeLa cells were synchronized at the G,/S bound-
ary by double-thymidine. Cells were cultured for 14
h in the presence of 2 mM thymidine (Sigma), re-
leased for 12 h in fresh medium, and arrested for 14
h in the presence of 2 mM thymidine. Cells were
released from double-thymidine block by changing to
fresh culture medium. Cells were harvested by cen-
trifugation at 1000 rpm for 5 min at 4°C, followed
by washing twice with cold PBS, and slowly fixed
by adding 500 pl 70% ice-cold ethanol gently. Fixed
cells were centrifuged at 1000 rpm for 5 min at room
temperature, and then stained with 1 ml Triton X-100

(0.1%)/propidium iodide (50 pg/ml)/RNase (100 pg/
ml) solution in the dark for 15 min at room tempera-
ture. The percentage of cells at different phases of the
cell cycle was determined by flow cytometry (Becton
Dickinson FACStar Plus flow cytometer). Each mea-
surement was based on analysis of 30,000 cells.

Quantitative Reverse-Transcription Polymerase
Chain Reaction (RT-PCR)

The mRNA expression levels of Aurora-A, -B,
and -C in various tissues and cell lines were exam-
ined using RT-PCR analysis according to the manu-
facturer’s instruction (Applied Biosystems). The speci-
ficity of the amplification reaction was demonstrated
by using Aurora-A, -B, and -C plasmids, which were
constructed on pPCMV?2 vector as described previously
(40). The primer sequences, designed by Primer Ex-
press software (Applied Biosystems), were Aurora-A
(forward and reverse primers, 5-TTCCAGGAGGAC
CACTCTCTGT-3’ and 5-TGCATCCGACCTTCAA
TCATT-3’), Aurora-B (forward and reverse primers,
5’-GGCGCATGCACAATGAGA-3" and 5’-TCCCC
ACCAGCAGCTCATAG-3"), and Aurora-C (forward
and reverse primers, 5'-GGAAATTGAGATCCAGG
CTCAT-3" and 5-GGCGTGCATCATGGAAATAGT-
3"). Twenty-three commercially available normal tis-
sues were obtained from Clontech. Total RNA was
isolated from frozen tissues or cultured cells using
the RNeasy RNA extraction kit (Qiagen) plus DNase
I treatment (Promega). Two micrograms of total
RNA from each sample was subjected to reverse tran-
scription using the ThermoScript RT-PCR system
(Invitrogene). The cDNA products from each sample
(200-fold dilution) were used to perform quantitative
PCR. Each 10 pl of quantitative PCR reaction mix-
ture contained 5 pl of twofold SYBR Green Master
Mixture (Applied Biosystems), 4 [l of cDNA product
mixture (200-fold dilution), 0.5 ul each of 6-uM PCR
forward and reverse primers (final concentration: 300
nM). The Rn value obtained from the PCR amplifica-
tion curve was used to calculate relative mRNA copy
number. GAPDH mRNA was used as an internal
comparison control to normalize the data. A melting
curve was used to identify the temperature where
only the amplicon, but not the primer dimers, ac-
counted for the SYBR Green-bound fluorescence.
Assays were performed in triplicate using Applied
Biosystems Model 7700 instruments.

RESULTS AND DISCUSSION
Specificity of the Amplification Reaction

To delineate the expression profiles of the Aurora
family, we employed quantitative RT-PCR to analyze
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a variety of biological samples, including various tis-
sues, cell lines with different derivatives, a HeLa cell
cycle panel released from the G,/S boundary, and
esophageal cancer tissues and their adjacent nontu-
mor pairs. In this study, we employed two templates
for PCR amplification, namely three Aurora plasmids
and cDNA generated from the bladder cancer cell
line, UB37, to illustrate the specificity of each primer.
Figure 1 shows that each specific primer for Aurora-
A, -B, or -C could only amplify its own target regard-
less of which template we used. Moreover, the PCR
products were subjected to DNA sequencing. The re-
sults showed that each PCR reaction only generated
its own corresponding product (data not shown), indi-
cating the PCR reaction could specifically reflect the
expression pattern among Aurora members. For quan-
titative RT-PCR measurements, it is generally be-
lieved that there is no perfect internal control express-
ing equal quantities in different tissues. Therefore, in
this study, the relative expression percentage of each
Aurora member was reported using GAPDH as the

A

Aurora-A

Aurora-B
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internal control, as its expression levels remain rela-
tively constant in different tissues (19).

Aurora Family Members Exhibited Different
Expression Profiles Among Various Human Tissues

The gene expression patterns for the Aurora mem-
bers in various tissues have separately been reported
(13-15,21); however, these detailed but dispersed re-
ports failed to quantitatively and simultaneously pro-
vide comparative views of the relative expression pat-
terns. Analysis of the expression levels for the three
human Aurora family members using quantitative
RT-PCR across a wide spectrum of human tissues
revealed that the general expression profiles for the
Aurora family were quite distinct (Fig. 2). Of the 23
normal tissues examined, Aurora-A was expressed at
higher levels than Aurora-B and -C in 16 samples
(the pancreas, liver, salivary gland, small intestine,
lung, adrenal gland, thymus, trachea, cerebellum, co-
lon, kidney, uterus, bone marrow, prostate, placenta,
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Figure 1. Primer specificity for Aurora family members. To detect the gene expression pattern of each Aurora family member, specific
primers for Aurora-A, -B, and -C were designed for quantitative RT-PCR using Aurora family members that were constructed on the pCMV2
vector (A) and mRNA templates from the UB37 bladder cancer cell line as an example (B). The amplified products were then subjected to

agarose gel followed by ethidium bromide staining.
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Figure 2. Tissue-specific distribution of Aurora family members. (A) The gene expression profiles for Aurora-A (squares), -B (circles),
and -C (triangles) were examined in 23 human tissues using quantitative RT-PCR, with data normalized to the GAPDH expression level.
Values are presented as the mean = SD. (B) To display the relative expression ratio, the expression of each Aurora member was normalized
to that of the entire family.
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and mammary gland). Abundant expression of the
Aurora-B transcript was detected at levels higher than
those of Aurora-A and -C in seven tissues (testis, thy-
roid, heart, fetal brain, brain, spleen, and skeletal
muscle). Gene expression levels of Aurora-C in the
tissues examined were lower than those of Aurora-
A and -B. In addition, Aurora-C was predominantly
expressed in testes followed by the salivary gland,
cerebellum, and placenta. Such abundant testicular
expression of Aurora-C transcripts suggests that Au-
rora-C may play a unique role in this reproductive
organ. Although it has been demonstrated that the
Aurora kinases act on basic cellular physiology re-
lated to mitotic progression, the simultaneous quanti-
tative measurement of three Aurora transcripts in
normal human tissues implies that the Aurora kinases
may have roles in different tissues, meriting further
investigation.

Expression Profiles in 60 Human Cell Lines,
Distinctive From NCI60 Collections

The cellular and molecular mechanisms that elicit
the role of three Aurora members rely on distinct cell
model systems. Analysis of the gene expression pat-
terns for the three human Aurora members was car-
ried out in the 60 cell lines. Our cell line collections
had less than 10% overlap with those reported in the
NCI60 microarray dataset (22). By quantitative RT-
PCR analysis, the expression levels could be roughly
classified into three subgroups, with Aurora-A having
the highest, followed by Aurora-B and -C in descend-
ing order (Fig. 3A, B). There were exceptions such
as in primary nasal mucosal, NPC, and oral cancer
cell lines where Aurora-B gene expression was higher
than that of Aurora-A (Fig. 3B). The expression lev-
els of Aurora-B in cancer cell lines of those tissues
were much higher than those tissues themselves
tested, implying that Aurora-B is selectively upregu-
lated in nasal/nasopharyngeal tissues. Interestingly,
of the ten bladder cancer cell lines collected, extraor-
dinarily higher expression patterns were observed for
all three Aurora members in arsenic-treated variants
(UB37, UB40, and UB47) compared to those in other
bladder cancer cell lines tested, implying the possible
involvement of arsenic in inducing Aurora family ex-
pression. Taken together, the analytical results prom-
ise an extension of the gene expression profiles of
each Aurora member in the NCI60 dataset and fur-
ther refinement of the roles of each family member
across a diversity of cell lines.

Aurora Family Members Were Periodically
Expressed in the M Phase of the HeLa Cell Cycle

Both HeLa cell cycle microarray analysis (http://
genome-www.stanford.edu/Human-CellCycle/Hela/)
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and Northern blotting indicated that Aurora members
are predominately expressed in mitosis (15,21,27,32).
However, the exact temporal expression patterns of
the Aurora family members have not been clearly de-
fined and compared. Thus, the gene expression pat-
terns of all three Aurora members in synchronized
HeLa cells were examined. HeLa cells were synchro-
nized at the G,/S boundary by a double thymidine
block, with total RNA extracted from cells harvested
at various times after release from the G,/S transition
for quantitative RT-PCR analysis. FACS analysis in-
dicated that cells entered the S phase at 3 h and
reached the G,/M phase at 6-10 h (Fig. 4A). In addi-
tion, cyclin Bl expression was elevated at 6-11 h
with the peak at 9 h (Fig. 4A), indicating that mitosis
had occurred within that period. In general, the ex-
pression levels of Aurora-C were substantially de-
creased, by two to seven orders of magnitude, com-
pared to those of Aurora-A and -B (Fig. 4C). The
expression of Aurora-A suddenly rose at 7 h, and was
maintained for another 3 h, but declined at 11 h.
There was no evident peak within the expression win-
dow ranging from 7 to 11 h for Aurora-A (Fig. 4B).
On the contrary, expression of Aurora-B steadily in-
creased to 7 h, reached a peak at 9 h, and then de-
clined at 10 h (Fig. 4B). Expression of Aurora-C was
first elevated at 8 h, peaked at 9 h, and had abruptly
decreased at 12 h (Fig. 4C). Interestingly, the dramatic
increase in Aurora-C transcripts with a 100,000-fold
difference between the interphase and mitosis indi-
cates tight but efficient regulation with cell cycle pro-
gression. The expression plateau of Aurora-A (at 7-8
h) was slightly ahead of the peaks of Aurora-B or -C
(both at 9 h), and the expression duration for Aurora-
C lasted longer (until 11 h) than that of Aurora-B
(until 9 h), suggesting possible differential roles for
Aurora family members in regard to the timescale
along mitosis. Collectively, although previous find-
ings pointed out that Aurora family members are
highly expressed in mitosis, our analysis further re-
vealed subtle but distinct differences in temporal
transcriptional regulation for the Aurora family.

Overexpression of Aurora-A and -B
in Esophageal Carcinoma

Overexpression of Aurora-A is associated with
many human tumors, while there are fewer reports
concerning upregulation of Aurora-B or -C in human
cancers as described in the introduction section. To
investigate the prevalence of human cancers with ele-
vated expression of Aurora family members, and
scrutinize the possible selective overexpression of
Aurora family members in malignancies, we ex-
tended our study to examine the expressions of Au-
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Figure 3. Gene expression profiles of Aurora family members in various human cell lines. (A) Gene expression profiles for Aurora-A
(squares), -B (circles), and -C (triangles) were examined in 60 human cell lines using quantitative RT-PCR analysis. Data were normalized
to the GAPDH expression level. Values are presented as the mean + SD. (B) To present the relative expression ratio, the expression of each
Aurora member was normalized to that of the entire family.

rora family members in esophageal carcinoma and analysis revealed significantly elevated expression of
five additional human cancers (see below). Primary both Aurora-A and -B in all 10 pairs of esophageal
esophageal tumor tissues (T) and the corresponding carcinoma tissues relative to their adjacent noncan-
adjacent noncancerous esophageal tissues (N) were cerous tissues (p < 0.0001 for Aurora-A and -B) (Fig.

obtained from 10 patients. Quantitative RT-PCR 5). By contrast, no such association was demon-
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Figure 4. Aurora family members exhibit periodical expression patterns in the M phase of the HeLa cell cycle. (A) A HeLa cell cycle panel
was prepared by synchronizing cells at the G,/S border using double thymidine treatment. Cells were then released from the G,/S block by
removing the chemicals. RNA samples were collected at various time points and used as templates for quantitative RT-PCR analysis. The
percentages of cells at different phases of the cell cycle are plotted on the left (Y-axis; G, phase, diamonds; S phase, triangles; G,/M phase,
circles). The relative expression of cyclin B1 (squares), indicative of the G,/M phase, is plotted on the right (Y-axis). FACS analysis, in
accordance with the expression of the cell cycle marker cyclin B1, indicates that the cells reached the G,/M phase at 6—10 h, with the peak
of mitosis occurring at 9 h. (B, C) Gene expression patterns of Aurora-A (squares) and Aurora-B (circles) are shown in (B), whereas that
of Aurora-C (triangles) is shown in (C) due to its low expression level. Data were normalized to the GAPDH expression level. Values are
presented as the mean + SD.
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Figure 5. Overexpression of Aurora-A and -B in esophageal carcinoma. The gene expression profiles of Aurora-A (squares), -B (circles),
and -C (triangles) in 10 pairs of tumor (T) and adjacent normal (N) human esophageal tissues were examined using quantitative RT-PCR.
Data were normalized to the GAPDH expression level. Values are presented as the mean & SD.

strated for Aurora-C. In fact, an inverse association
between Aurora-C expression and esophageal cancer
was demonstrated even though statistical significance
was not achieved (p = 0.42).

Differential Upregulation by Statistical Analysis
of the Gene Expression Profiles for the Aurora
Members in Five Cancer Microarray Datasets

Numerous cell cycle-regulated genes are also
highly expressed in more proliferative tumors, as ex-
emplified in the case of Aurora-A in HCC (28). To
provide a comprehensive understanding of the associ-
ation between these cell cycle-regulated Aurora
genes and human tumors, the microarray datasets for
HCC, and lung, breast, kidney, and gastric cancers
were downloaded from the Stanford Microarray Da-
tabase (http://genome-wwwS5.stanford.edu/), followed
by statistical analysis using SAS software (SAS Insti-
tute; version 8e). One-way ANOVA was used to ana-
lyze the gene expression profiles (38) of the Aurora
genes, comparing normal and tumor groups for dif-
ferent cancers (Table 1). Results showed that Aurora-
A is significantly overexpressed in HCC, and lung
and gastric cancers (p < 0.05), whereas no significant
difference was demonstrated for breast (p =0.12) or
kidney cancers (p =0.63), although overexpression
of Aurora-A has been reported to be associated with
breast cancers (18,32) and related cell lines (25). In
addition, overexpression of Aurora-B and -C was re-
spectively observed in gastric cancer and HCC (Table

1), implying roles for Aurora-B or -C in the corre-
sponding cancer development.

In summary, we have demonstrated the following.
(i) The surprising differences in gene expression lev-
els of Aurora members suggest that each member
possesses unique tissue-specific functions. The rela-
tive expression levels of Aurora-A, -B, and -C in de-

TABLE 1
STATISTICAL ANALYSIS OF THE DIFFERENTIAL UPREGULATION
OF AURORA FAMILY MEMBERS IN VARIOUS CANCERS

Sample
Disease Variable Gene Number  p Value
Hepatoma disease  Aurora A 180 0.0001
Aurora C 0.05
Lung cancer disease  Aurora A 72 0.032
Aurora B 0.56
Aurora C 0.076
Kidney cancer disease  Aurora A 42 0.63
Aurora B 0.09
Aurora C 0.98
Breast cancer disease  Aurora A 74 0.12
Aurora B 0.98
Gastric cancer disease  Aurora A 124 0.0001
Aurora B 0.0001
Aurora C 0.56

The gene expression data of Aurora members were downloaded
from five publicly accessible microarray databases (HCC, and
lung, kidney, breast, and gastric cancers; http://genome-wwwS.
stanford.edu/). The raw data were further analyzed using one-way
ANOVA. Statistical significance (p < 0.05) is indicated in bold.
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scending order, in various cell lines, is probably a
reflection of specific physiological needs, indicating
basic mechanisms operating to modulate the tran-
scription of each kinase. (ii) The extraordinary over-
expression of the Aurora family in arsenic-treated
cell lines may reveal a possible activity of arsenic in
interfering with transcription of the Aurora family,
which may represent a common feature of transcrip-
tional regulation for the Aurora family. (iii) The cell
cycle-dependent oscillation in Aurora-C transcription
has been demonstrated for the first time, implying
tight regulation of transcriptional control. The expres-
sion window for Aurora-B was the narrowest, fol-
lowed by Aurora-C, and Aurora-A was expressed
throughout mitosis. Furthermore, the sequential tim-
ing of the initial rise in transcription during mitosis
is in the order of Aurora-A, -B, and then -C, implying
that these kinases may act within different but precise
periods to guarantee mitotic progression. (iv) Aurora
members are associated with different cancers. Some
of the novel observations include overexpression of
Aurora-A or -B in esophageal carcinoma and elevated
expressions of Aurora-B in gastric cancer and Au-
rora-C in HCC. These analyses suggest a general role
for the Aurora family in the development of certain
cancers. In addition, each Aurora member exhibits a
distinct expression profile, suggesting their functions

LIN ET AL.

may have expanded from Ipll, the only Aurora fam-
ily member in yeast, to achieve more complicated
cellular functions in mammals. However, the M phase-
dependent expressions of Aurora-A, -B, and -C are
similar to that of Ipll. These observations highlight
the possibility that the roles of Aurora family mem-
bers in mitosis progression are selectively conserved,
and this certainly becomes the expression signature
of the family. Accordingly, this comprehensive anal-
ysis of gene expression profiles not only provides
mechanistic insights into the transcriptional regula-
tion of these Aurora kinases, but also serves as a heu-
ristic guide for further biochemical and molecular
studies.
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