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Abstract

Being rated as Grade 1V, glioblastoma multiforme (GBM) is the most
aggressive pathological form of glioma in the central nervous system. The
standard way of treating a GBM patient is through surgical resection
followed by radio- and/or chemotherapy. However, the median life
expectancy after the therapies remains poor. One of the possible causes of
the poor prognostic property of GBM can be associated with the relative
radio-resistance of the tumor cells. In this thesis, we have employed a
U138MG glioma cell line which contains mutated p53 and attempted to
understand the radiosensitivity of this cell line via global transcriptional
activities. Temporal global gene expression profiling were traced using
high-density oligo microarrays, following 10Gy gamma-irradiation, a dose
that reduced colony survival of U138 to about 1%. Appropriate filtering and
statistical methods were used to search for significantly altered genes and
genes of functional interest were identified using bioinformatics sources.
Colony-forming assay was used to obtain the survival response curve to
gamma irradiation. To investigate the cell-cycle perturbations and apoptotic
events as induced by irradiation, we harvested cells at different incubation
times post irradiation (Pl) for DNA content analysis and DNA laddering
assay, respectively. The data indicated that while there was an extended
G2/M arrest of the irradiated cells with a maximum 80% accumulation at
36hrs after 10Gy irradiation, there was no evidence of DNA laddering
detectable up to 4 days PI. For the microarray gene expression data, our
cluster demonstrated that genes could be divided into two categories: one is
the early responded genes, of which most of these genes are related to
regulation of cell cycle; the other is the late responded genes, most of which



are involved in regulation of multiple biological functions. The changes of
expression levels of the former appeared to be consistent with the G2/M
checkpoint activities. Interestingly, the data revealed that a group of genes
whose functions are in the control of mitotic events were down-regulated
from 6-12hrs Pl. In conclusion, we speculate that the lack of apoptotic
events may be explained by the dysfunction of the p53 in U138MG, whereas
the radiation-induced cell death would have to come from a catastrophe of
mitotic death, following a failure of an attempt to repair damage in an
extensive period of G2 arrest. Such a mechanism of radiation-induced cell

death would be supported by the results of our gene expression analysis.



|. INTRODUCTION

Glioblastoma multiforme

Astrocytic tumors are divided into two basic categories. circumscribed
(grade 1) or diffuse (grades 1I-1V), and al diffuse astrocytomas tend to
progress to grade IV astrocytoma. Glioblastoma multiforme (GBM), which
Is synonymous with grade 1V astrocytoma and the most common type of
brain tumor, is considered to be one of the most malignant human neoplasms,
and is also the most deadly™™. GBMs are characterized by marked neo-
vascularity, increased mitosis, greater degree of cellularity and nuclear
pleomorphism, and microscopic evidence of necrosis. It arises either through
an anaplastic progression from a lower-grade astrocytoma or de novo,

without evidence of an antecedent lesion.

Modern, effective treatment for GBM includes surgery, which is to
remove the maximum volume of tumor, followed by radio- and/or
chemotherapy. The median survival of patients with malignant gliomas
without treatment is 14 weeks; by surgical resection alone, 20 weeks; by
surgery and radiation, 36 weeks; and by the addition of chemotherapy, 40-50
weeks>3*° Despite the advances in microneurosurgery, developments in
the technology and techniques of radiation administration, advances in
imaging, and introduction of novel chemotherapeutic agents, the median life
expectancy for GBM patients remains poor, and only 5% of patients or fewer
will be alive within five years after initial diagnosis. So far, external beam
radiation remains the sole therapy that demonstrably increases the survival
of patients with GBM, and yet it still provides only modest benefit'®.
However, malignant glioma cells are remarkably resistant to ionizing

radiation, and the association of a significant portion of these cells with



necrotic and hypoxic tissues further increases their resistance!”.

Oncogenic mutationson TP53

Neoplastic transformation appears to be a multi-step process in which
the normal controls of cell proliferation and cell-cell interaction are lost, thus
transforming a norma cell into a cancer cell®®. The process of
carcinogenesis involves the gain of oncogene activity and the lost of tumor
suppressor gene function. A key tumor suppressor gene often lost is p53,
whose activation can induce temporary cell cycle arrest, irreversible growth
arrest, promoting DNA repair, or activating apoptosis in response to
potentially oncogenic cellular stress®*. The mutation of p53 gene is
involved in the early stages of astrocytoma tumorigenesis™. For instance,
p53 mutations and allelic loss of chromosome 17p are observed in
approximately one-third of all three grades of adult astrocytomas. Moreover,
high grade astrocytomas with homogeneous p53 mutations evolve clonally
from subpopulations of similarly mutated cells present in initially low grade
tumors*™®, suggesting that inactivation of p53 is important in the formation

of neoplastic transformation and in facilitating it malignant progression.

The p53 tumor suppressor gene is mutated in over 50% of human
cancers, and most of these mutations are missense, which results in full-
length, but mutant, proteind***¥. Extensive data suggest that many missense
mutations in p53 abolish it ability to bind specific DNA sequences and can
inhibit the function of the wild-type protein in a dominant-negative
manner™. For example, one important feature of the oncogenic activity of
p53 mutants is their ability to interfere with p53-denpendent apoptosis by a

dominant negative mechanism. On the other hand, a p53-independent



apoptosis has been reported, by a yet unknown mechanism that may involve

transactivation and/or participation of other members of p53 family!*®*7.

Responding to DNA damage

DNA damage may be caused by the cell’s own error-prone internal
machinery, the metabolic environment or by external physical and/or
chemical agents (e.g. radiation or carcinogens). The inability to repair DNA
damage properly in cells leads to cell death or enhanced oncogenic
transformation. Cells respond to DNA damage by activating a complex
DNA-damage-response pathway, which includes cell-cycle arrest, the
transcriptional activation of a subset of genes, the post-transcriptional
regulation of associated proteins, and, under some situations, triggering cell
death!*®%?? For instance, checkpoints respond to DNA damage by arresting
the cell cycle which can provide time for DNA repair and by inducing

transcription of genes that facilitate the process of repair.

In mammalian cells, three important proteins control the DNA damage
checkpoints, mutated in ataxia telangiectasia (ATM), Chk2, and p53#. In
general, the kinase activity of ATM is enhanced after DNA damage and
activation of ATM kinase is capable of phosphorylating p53. Phosporylation
of p53 at Serl5 by ATM correlates both the accumulation of total p53
protein and the ability of p53 to transactivate downstream target genes, such
as p21 and YWHAD, through transcription-dependent mannert??. Activated
p21 can inhibit phosphorylation and activation of G1-specific cyclin/cdk
complexes, and susequently arrests cells at G1-phase’®. And also, activation
of YWHAD enhances negative regulation of Cdc25C and prevents the

activation of Cdc2-cyclin B1 complexes, thereby prevents cells from



entering into mitosis®*®!. Besides, p53 aso induces apoptosis while
cell-cycle checkpoints were activated. Many p53-inducible genes include
BAX, TNFRSF6 and TNFRS-10B, which are all classical members of the
core apoptosis pathways, and activation of these proteins may lead to cell
death!’®?®27 |n this case, p53 provides a possibility to cells to make decision
between life and death®®. However, in contrast with cells bearing wild-type
p53, cells with defective p53 are unable to arrest cell cycle at G1 in response
to ionizing irradiation and show reduced apoptosis*®*?. For this reason, cells
with mutated p53 gene are resistant to radiation due to contributions of loss

of p53-dependent cell-cycle checkpoint and insufficient to induce apoptosis.

Global gene expression analysis by DNA microarray

Among the techniques of functional genomics, microarray provides a
good appliance for the study of complex biological systems with
applications to life sciences and molecular medicine. This novel and
powerful gene expression profiling technique permits the analysis of the
expression levels of thousands of genes simultaneously in a single
experiment, and sufficiently generate a vast amount of data that may lead to
a better understanding of the regulatory events involved in the transcription

level of biological systems*3Y.

Microarrays are usually made by deposition of cDNA or oligonucleotide
molecules onto spots on a solid support like a coated glass surface or on
filter-based supports, such as charged nylon or nitrocellulose. The design of
the glass slides makes it possible (i) to provide an optimized environment for
taking up hybridization reactions between arrayed probes and the target

genes from samples and (ii) to use fluorescent dyes for detection and allow



focusing by laser scanning confocal microscopy. Two main procedures have
been used to produce cDNA or oligo chips: photolithography®? as
developed by Affymetrix Inc. and mechanical gridding methods®*3*#, which
are based on ink-jet (Agilent Technologies) or physical spotting (Amersham
Biosciences) of the materials using pins manufactured with very high
precision . For mRNA samples, the two samples or targets are reversely
transcribed into cDNA and labeled using different fluorescent dyes. When
performing experiments, targets from two different conditions were mixed in
equal properties and hybridized to the arrayed probes. After this competitive
hybridization, the slides then are imaged using a scanner and the intensities

of each fluorescence channel can be determined.

Microarray can be used to identify novel networks of gene activities and
to investigate the expression patterns or profiles. Many articles have reported
the use of microarrays for studying human diseases and their associated
variations and understanding the regulatory mechanisms in molecular
biology!*>**". For these purposes, samples from clinical tissues, human cell
lines, and RNA from animal model systems have been used extensively in

microarray analysis.

Sudy Purpose

Malignant glioma cells are remarkably resistant to ionizing radiation,
and the association of more than one-third of these cells with mutations on
p53 tumor suppressor gene may be one factor that would confer their
resistance to radiation treatment and chemotherapy agents™. However,
radiation treatment on glioma patients remains the sole agent that evidently

can prolong life of patients. Therefore, understanding of radiation effect on



glioma is important in developing more effective therapeutic approaches

against the devastating neoplasm.

Here, U138MG cell line was introduced as the object of our in vitro
study. The glioblastoma cell line U138MG was proved to have a mutated
p53 gene, from Arg to Gln at codon 213, and produced a loss-of-function
[39]

p53 protein
cell-cycle distribution of irradiated U138 cells were investigated, and the

. In a previous study form our laboratory, the effects on

gene expresson profiles were evaluated using cDNA microarray
technology™“”. Microarray analyses revealed changes in the expression of a
number of genes, like CDC2, CDC25 and CCNB1, were related to the
regulation of cell-cycle progression. A TP53-independent pathway in
regulating cell-cycle progression was also proposed. In this study, a temporal
expression profile induced by gammairradiation was determined, using
oligonucleotide microarray, and advanced data analysis methods were
performed. In addition to the study of cell cycle perturbation as induced by
radiation, we also intended to investigate the transcriptional regulations on
other biological responses which include apoptosis and other aspects. In
doing so, we attempted to explain the mechanisms with which U138MG
glioblastoma cells are killed by ionizing irradiation. Understanding of these
events may not only enhance our knowledge on the mechanisms of a
p53-mutated glioma cells responding to ionizing irradiation, but also provide
insights for the relationships between radiation-induced cell cycle
checkpoints and cell death.

-10-



II. MATERIALSAND METHODS

Céll Culture. The glioblastoma cell line U138MG was obtained from the
American Type Culture Collection (ATCC). U138 cells contains a mutated
p53 (from Arg to GIn at codon 213) gene which produces a non-function
mutated-p53 (mt-p53) protein. Cells were grown in Minimum Essential
Medium (Gibco) supplemented with 10% FBS and 1% antibiotic-
antimycotic (Gibco). Cultures were maintained at 37°C in a humidified

atmosphere containing 5% CO..

Growth Curve. From a growth curve, the population doubling time and
saturation density can be determined. Briefly, 1x10” cells were suspended in
5ml of medium and seeded into a 60-mm dish. Cultures were incubated and
triplicate plates were counted every 48 hours. By plotting the results of cell
number and time on a log-linear scale, population-doubling time can be
determined by identifying a cell number along the exponential phase of the

curve.

Radiation Treatment. Radiation treatments were performed with a ®Co
Theraton irradiator (Atomic Energy of Canada, Limited). The dose rate was
29-32 cGy/min. One third of medium were refreshed at the day before
treatment and irradiated within 24 hours. After treatment, cells were
incubated and harvested at selected time points.

Clonogenic Suvival Assay. For determination of colony-forming ability

following irradiation, cells were plated in 60-mm dishes. After 10-day
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incubation at 37°C, colonies were stained with 0.5% crystal violet (Sigma)
and the numbers of colonies of 50 or more cells were counted. Surviving
fraction values were calculated and normalized with plating efficiency (PE)
obtained from non-irradiated cells.

DNA Content Analysis.  For flow cytometry analysis, cells were harvested
with 0.25% trypsin-EDTA at each time points, fixed with 70% ethanol for at
least 4 hr and stored at -20°C for up to 3 days. Before staining, the fixative
was thoroughly removed by centrifugation, then cells were resuspended in
200 pl of phosphate-citrate buffer, consisting of 192 parts of 0.2M Na,HPO,
and 8 parts of 0.1M citric acid (pH 7.8), at room temperature, for at least 30
min*l. After centrifugation, the samples were treated with 1 mg/ml RNase A
and stained with 400 pg/ml propidium iodide for 30 min at 37°C incubation.
Samples were analyzed by using a FACSCalibur flow cytometer (Becton
Dickinson) with CELLQUEST software (distributed by Becton Dickinson).
At least 10,000 cells were collected. Cell cycle distribution was determined
using ModFit (Verity Software House) software. Experiments were repeated
at least three times.

DNA Laddering Assay. Apoptotic DNA Ladder Kit (Roche) was used to
detect fragmented DNA followed the manufacturer’s instruction. Briefly,
2x10° cell were harvested, centrifuged and the medium was removed. After
lyses of cells in binding buffer (6M guanidine-HCI, 10mM urea, 10mM
Tris-HCI and 20% Triton X-100 (v/v) pH 4.4), the lysate is applied to afilter
tube with glass fiber fleece and passed through the filter by centrifugation.

During this procedure, nucleic acids bind specifically to the surface of glass
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fibers in the presence of chaotropic salts. Residual impurities are removed
by a wash step and subsequently DNA is eluted in elution buffer (10mM Tris,
pH 8.5). For each well, either 3 pg of purified DNA or 15 pl of positive
control DNA was mixed with loading buffer, then, loaded onto 1.5% agarose
gel and performed at 100V for 35 min. The positive control DNA, which
provided by this kit, was isolated from U937 cells treated with 4 pg/mil
camptothecin for 3 hours, usually resulting in about 30% apoptotic cells. The
100 bp DNA Ladder (Invitrogen) used here as markers consists of 15
blunt-ended fragments between 100 and 1500 bp in multiples of 100 bp and
an additional fragment at 2072 bp.

Total RNA Isolation. The total RNA was isolated from about 5x10° cells
using RNeasy Mini kit (QIAGEN) according to the manufacturer’s
instructions. In brief, cells are first lysed and homogenized in the presence of
a highly denaturing guanidine isothiocyanate-containing buffer, which
immediately inactivates RNases to ensure isolation of intact RNA. Ethanol is
then added to provide appropriate binding conditions, and applied to RNeasy
mini column where the total RNA binds to the membrane and contaminants
are washed away. Finally, total RNA is eluted in 80 ul RNase-free water and
stored at -80°C until use. The RNA concentration and it purity was
determined using spectrophotometer, and the quality of total RNA was
checked by measuring the 285/18S ribosomal RNA ratio.

Fluorescent cRNA Generation. Synthesis and labeling of cRNA was
carried out using the Low RNA Input Fluorescent Linear Amplification Kit

(Agilent Technologies) according to the manufacturer’s instructions. Two pg
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of total RNA was used in each of the labeling reactions, then is amplified
and converted to either fluorescently Cy3- or Cy5-labeled cRNA. In brief, a
primer, which contains poly dT and a T7 polymerase promoter, is used to
anneal to the poly A™ RNA, and a reverse transcriptase (MMLV-RT) is then
added to synthesize the first and second strands of cDNA. Thus, double-
stranded cDNA has been synthesized. Finally, cRNA is synthesized using T7
RNA polymerase, which simultaneously incorporates Cy3- or Cy5-labeled
CTP. Each Cy3- and Cy5-labeled cRNA was purified using RNeasy Mini Kit
(QIAGEN). The amount of amplified cRNA was determined using

spectrophotometer.

Oligonucleotide Microarray. We used the oligonucleotide microarray
produced by Agilent Technologies, Human 1A Oligo Microarray (G4110B),
that contains over 22,000 unique 60-mer oligos representing over 18,000
unigue human genes sourced from Incyte's Genomics Foundation Database.
The samples were paired as described. The hybridization procedure was
followed the manufacturer’s specifications. Briefly, both 0.75 pug of Cy3-
and Cy5-labeled cRNA were mixed with control targets and fragmentation
buffer. Mixtures were incubated at 60°C for 30 min. In this step, cRNA
strands were fragmented into short strands whose lengths are optimal for
binding to probes on the chips. In order to terminate the fragmentation
reaction, the hybridization buffer was added. Reactions were performed
using hybridization chambers (G2531A) in the hybridization oven, at 60°C
for 17 hours. Finally, hybridized slides were washed using wash solution 1
(6X SSC, 0.005% Triton X-102) for 10 min and wash solution 2 (0.1X SSC,
0.005% Triton X-102) for 5 min. Cy3 and Cy5 fluorescences were scanned
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using Agilent’s dual-laser Microarray Scanner (G2565BA), and images were
analyzed using Feature Extraction 7.1 (G2567AA).

Data Analysis. Data generated from Feature Extraction were anayzed
using GeneSpring™ 6.1.1 (Silicon Genetics). The dye-swap data were
normalized and averaged with Lowess method. For each gene, the
significance between repeat experiments was calculated by the Cross-Gene
Error Model built within GeneSpring. Genes were considered differentially
expressed only when they passed the following criteria. First, only those
genes that were flagged as “IsPosAndSignif” by Feature Extraction software
in both Cy3 and Cy5 channels, which means the extracted signal is greater
than and significant compared to the background signal, were considered
good quality data and were used for further analysis. Second, those genes
with normalized ratio  1.350or  0.74 and t-test p-value lesser than 0.05
were regarded as expressed genes. Then, the genes, which passed the criteria
and overlapped from two independent microarray experiments, were
identified as differentially expressed genes (DEGenes).

Functional classification was performed on Onto-Express (OE)*? and
GOTree Machine (GOTM)™! which both are web-based platforms, to
automatically trandlate alist of genes into functional profiles. The DEGenes
list was used in functional classification and the results from both OE and
GOTM were integrated and divided into seven groups manually according to
their biological functions. To make the orderly features in the data more
apparent, we used a hierachical clustering algorithm in data analysis. The
object of the clustering was to group genes whose expression ratio varied

with time Pl in a similar manner. Clustering was performed using DEGenes.
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In this case each gene has ten ratio values corresponding to five time points
each in two experiments. The clustering algorithm measured the distance
between each gene and the similarity between each sample using standard

and pearson correlation, respectively.

Real-Time RT-PCR. In order to validate the data obtained from
microarray, the quantitative RT-PCR was performed using the same RNA
source as that used in the microarray experiments. cDNA synthesis and
SYBR Green | RT-PCR were carried out according to the manufacturer’s
instructions. In brief, first strand cDNA was synthesized using SuperScript ||
Reverse Transcriptase (Invitrogen). The final concentration for the cDNA
reaction in a 40 pl volume was 2 ug total RNA, 2 ul Oligo(dT)q..15 (500
pg/ml) and 2 pyl 10mM dNTP mix (Amersham Biosciences), 8 ul 5X
First-Strand Buffer, 4 pl 0.1M DTT, 2 yul RNasin Ribonuclease Inhibitor
(Promega) and 2 ul SuperScript Il RT. The synthesized cDNA was then
purified using QIAquick PCR Purification Kit (QIAGEN), eluted with 50 pl
Buffer EB (10mM Tris-Cl, pH 8.5) and stored at -20°C.

Real-time PCR amplification mixtures (30 pl) contained 1 pl of cDNA
eluate, 15 pl 2X SYBR Green | Master Mix buffer (Applied Biosystems)
and 200nM forward and reverse primer. The primers for PCR reactions were
queried from two primer databases, Quantitative PCR Primer Database
(distributed from NCI) and methPrimerDB (distributed from Centre for
Medical Genetics, Ghent University). Reactions were run on an ABI PRISM
7000 Sequence Detection System (Applied Biosystems). The cycling
conditions comprised 10 min polymerase activation at 95°C, 40 cycles at
95°C for 15 sec and 60°C for 60 sec. For each gene, we selected a
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non-template control (NTC) for each assay was performed in triplicate.
Results analyzed with ABI PRISM 7000 SDS Software (version 1.1) were
exported as tab-delimited text files and imported into Microsoft Excel for
further analysis. The gene expression was determined by using relative

quantification method!*.
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1. RESULTS

Growth Kkinetics and radiation-induced cell killing

After calculating the increasing population against incubation time, the
population-doubling time of U138 cells was estimated to be 39.3 hrs. For
determination of the colony-forming ability, cells were irradiated with single
doses of gamma-rays using a *°Co irradiator. Controls were shame-irradiated.

Figure 1 shows the survival curve of U138MG for gammairradiation.

Céll cycle perturbation on U138 cells after ionizing radiation

To investigate the effects of gamma-irradiation on the cell-cycle
distribution in U138MG cells, FACS analysis was performed on the DNA
content of the controlled and 10Gy irradiated cells at various times PI.
Figure 2 shows the histogram of DNA content analysis on each time point.
Subpopulation of cells contain 2N (G1 phase) and 4N (G2/M phase) DNA
were separated into two distinct peaks, and between the two peaks was S
phase. The subpopulation before G1 peak was defined as debris which
indicated the dead cells or cluster of DNA fragments. The percentage of
cells distributed in each phase was calculated with ModFit software. In
irradiated cells, the population of G2/M-phase cells increased gradually and
reached maximum at 36h, and, at the same time, the population of G1-phase
cells decreased initially after irradiation, then increased at 24h, implying that
the damaged cells were arrested at G2/M phase after IR and continued for at
least 24h. Then some of the arrested cells might be released from G2 arrest
and started to enter cell cycle, while the remaining could be further arrested

in M phase. The above description is still a speculation since one cannot
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distinguish between G2 and M cells on the DNA content alone. However,
since even at 72hrs Pl, there still considerable proportion of G2/M cells, the
data here suggest that the arrested population did not exhibit a full recovery,
and probably half of the cells were till retained at G2 phase. Findly, the
population of S-phase cells transiently increased at 6 to 12h and the amount
of debris increased with time PI, implying the existence of delayed S-phase

progression and accumulation of dead cells, respectively.

Detection of DNA laddering

A cell which was triggered to apoptosis is thought to activate a cascade
of characteristic molecular events that stepwise lead to its total disintegration.
One of the late events is DNA fragmentation!®*). In an earlier study*?,
Hsiao proposed that following G2/M arrest due to irradiation, U138 cells
would undergo apoptotic death. To investigate this possibility, we have
performed gel electrophoresis for detection of DNA laddering fragments
which would represent activation of apoptosis. After 10Gy irradiation, cells
were incubated and harvested at various time points. In these experiments,
we found that no evidence of DNA laddering at different duration post-
irradiation ranging from 0.5h to 4d. The results are provided in Figure 3.
Here, a clear DNA laddering was detected at the column of positive control.
On the basis of these results, we propose that the majority of irradiated U138
cells were blocked at G2/M phase for a long time which may even last to
72h or longer, and a portion of cells undergo cell death via some pathways,
such as mitotic catastrophe or autophagy, other than apoptosis®*. The
following analysis with gene expression data would support the notion that

mitotic death would be the dominant events.
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| dentification of differentially expressed genes

Microarray analysis of temporal response of global gene expression was
performed using total RNA from 10Gy gamma-irradiated U138 cells
harvested at selected time points Pl (0.5, 6, 12, 24, 36 hrs). Their
corresponding controls were from non-irradiated cells harvested at 0.5h. The
collected cells were stored at -80°C freezer and total RNA were extracted
within three days to avoid the degradation of RNA. The quantity and quality
of total RNA was measured and evaluated using spectrophotometer and
formaldehyde-agarose (FA) gel electrophoresis, respectively. To ensure the
reproducibility and accuracy of microarray experiments, and prevent RNA
from degradation, it is important to maintain an RNase-free environment

during these procedures.

During acquisition of data, the intensities from both Cy3 and Cy5
channels were detected by a dual-laser confocal microscopic scanner and the
expression of genes was quantitatively determined by Feature Extraction
software. Figure 5 shows the M-A plots, which was used to illustrate
intensity-dependant ratio (M) of raw microarray data, and the relative
amount of each gene (A)®”. Here, one can see that the population of genes
expressed with lower intensities scattered from zero much more comparing
to the population of genes expressed with higher intensities. This may be
caused by several possibilities: (a) the design of the probes on chip, (b) the
background generated from slides or impurities, (c) the abundance of the
RNA targets, (d) the specificity and sensitivity of the scanner, and, other
parameters yet to be determined. To reduce or remove this systematic bias,
one cam perform a Lowess normalization. Figure 5 also shows the data after

Lowess normalization where the noises in the low-intensity region was

-20-



much reduced.

Finadly, the data from two independent microarray experiments were
collected and analyzed using GeneSpring software by procedure described in
the Methods section. Through these steps of filtering procedure, we have
eventually identified 191 out of 20,173 genes as differentially expressed

genes.

Functional classification and clustering

Microarrays alow researchers to screen tens of thousands of genes
simultaneously, and generate a staggering amount of data. Typically, the first
step is to identify a set of differentialy regulated genes, as we have done.
However, a mgor challenge has been to interpret the results of these
activities in the context of the observed phenomena. Here, we attempted to
understand how cells were responding to irradiation, by first investigating
the gene expression data using a Java-based program called Onto-Express
(OE)“**Y This algorithm uses UniGene accession or cluster identification
numbers generated from microarray investigations to search the public
databases to return the functional profiles for each gene. OE constructs
functional profiles, using Gene Ontology terms, for the following categories:
biochemical function, biological process, cellular role, cellular component,
molecular function and chromosome location. Another web-based platform
for interpreting sets of interesting genes using Gene Ontology hierarchies,
GOTree Machine (GOTM), was also used in comparing the results from
OE™. GOTree Machine can generate a GOTree, a tree-like structure to
navigate the Gene Ontology Directed Acyclic Graph for input gene sets.

Statistical analysis, which compares the interesting genes and the reference
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genes, was also performed in both programs, and the enriched gene numbers
can be presented in text format (OE) or DAG view format (GOTM).

The DEGenes list was used in functional classification and the results
from both OE and GOTM were integrated and divided into seven groups
manually according to their biological functions (Table 1). The functions
included cell cycle, apoptosis, DNA repair, cell proliferation, transcription,
trandation and miscellaneous, with 31, 13, 6, 8, 18, 10 and 20 genes,
respectively. It is noteworthy that, in microarray analysis, the number of
genes classified in different functions was not only affected by the treatment
(i.e. radiation in our case) performed on samples, but also related to the
genes spotted on the chips. For example, if a chip is designed for studying
the mechanism of metabolism, most of the probes spotted on this chip will
be of this specific functional category. And also, the altered genes selected
from this experiment may enrich in the functions related to metabolism. To
avoid this artificial error in our analysis, it is necessary to take into
consideration the relative numbers of genes on the chip, in biological
functions. As in figure 6, the number of altered genes and the expected
number of reference genes were calculated against different biological
functions. The results showed here provide more reliable information in
selecting the regulated functions without the bias from the gene sets that we
used on the chips. In consistent with our FACS data, which showed delayed
S-phase and extensively G2/M arrest, we found that the regulated genes are
enriched in the functions related to cell cycle progression, including the
initiation of DNA replication, G2/M transition of mitotic cell cycle, and

nuclear division during mitosis (Fig. 7).

To examine the global expression profile of altered genes, we performed
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hierarchical clustering analysis based on the similarity of expression patterns
of genes across the time course (Fig. 8). Here, red boxes represent genes
with increased expression and green boxes represent genes with decreased
expression. The magnitude of the change is depicted by the intensity of color.
Three major gene expression patterns could be classified in this study, shown
by color bar A-C, and the median expression profile of each cluster was

plotted with ratio versus time points.

Cluster A (97 genes) contains intermediate to late repressive genes
whose response continued throughout the entire time course. This cluster
includes the genes in forming mini-chromosome maintenance (MCM)
complex which is related to the initiation of DNA synthesis®?, the genes in
regulating transcription activity, and the genes in associated with the process
of trandation. Cluster B (56 genes) showed the early to intermediate
inductive pattern whose response also continued throughout the entire time
course. Many of the genes which be a member of tumor necrosis family or
related to activation of apoptosis were located in this cluster, like TNFSF7
and DR3™**! implying the activation of cell death. The genes in cluster C
(38 genes) were extensively inhibited at 6 to 12h post-irradiation.
Remarkably, half of the genes (18 genes) in cluster C were related to cell
cycle progression including CCNB1, CCNB2 and CDC20 whose inhibition
corresponding to the G2/M arrest®™>® or INCENP, STK6 and CENPA
whose inhibition may lead to activation of spindle checkpoint and arrest

cells at mitotic phase.

Microarray data validation using quantitative RT-PCR

In order to validate the data obtained from microarray, quantitative
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real-time RT-PCR (Q-PCR) was performed using SYBR Green | assays.
Total RNA from 12 samples (2 independent experiments) were analyzed for
the expression of CDKN1A, GADD45A, CDC20, CCNB1, and PCNA,
relative to the level of GAPD mRNA in each sample (Table 2). Among these
genes, CDKN1A, CDC20 and CCNB1 are genes involved in cell cycle
progression and induction of cell-cycle checkpoints; PCNA is known to
participate in DNA synthesis phase and maybe related to DNA repair; and
GADD45A is now considered to exhibit pleiotropic effects, including cell
cycle arrest at G2/M, DNA damage repair, and control of genomic
stability?®*%%*"] Therefore, we chose these five genes as the target genes
for Q-PCR validation (Fig. 9).

Our results showed that there was a strong correlation between 1og2
transformed ratios determined by Q-PCR and oligonucleotide microarrays.
Although microarray appeared to underestimate the expression differences
relative to Q-PCR (dlope = 0.57, Fig. 10), this effect was consistent and
likely to be aresult of the kinetic differences between PCR and hybridization
reactions™. The principle of Q-PCR is to amplify the cDNA of target gene
at an optimized condition and to measure the signals at the end of each cycle.
By using the housekeeping gene(s) as internal control, the relative
abundance of the target gene between two samples could be determined at
the linear range of its amplification. On the other hand, microarray measures
the expression ratio of genes by competitive hybridization of two samples,
and the ratio may not be linear, with the linearity depending on the mRNA
abundance of the samples. In addition, when performing the microarray
experiments, the measured signal of each spot composes of not only the

signal from target gene but also the foreground noises. The noises may due
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to the contribution of cross-hybridization, non-specific hybridization, the
background signals from supporting materials, etc, and al these factors
reduces the reliability and accuracy of microarray data. Hence, Q-PCR

provides more faithful results of the ratio of genes between two samples.
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V. DISCUSSION

After 10Gy irradiation, most of the cells were arrested at G2/M phase
and sustained for up to 48 hours. In order to study the mechanism(s) of this
prolonged G2/M arrest induced by irradiation, the data from temporal gene
expression analysis should provide us important hints at the transcriptional
level.

Evidence of G2 phase arrest

During G2, the cyclin B/CDC2 complex is held in an inactive state by
phosphorylation of CDC2 at two negative regulatory sites, Thrl4 and Tyrl5.
Inactivation of CDC2 via phosphorylation plays a very important role in the
control of initiation of mitosis in both fission yeast and animal cells.
Dephosphorylation of Thrl4 and Tyrl5 by CDC25C, which acts as a
positive regulator of CDC2, activates the cyclin B/CDC2 complex in late G2
and triggers the initiation of mitosis. Besides, cyclin B/CDC2 complex in
turn is thought to phosphorylate and further activate CDC25C, inducing the
full activation of cyclin B/CDC2.

In mammalian cells, two cyclin B proteins cyclin B1 and B2 are found.
We showed that upon the treatment of the U138 cells with IR, the mRNA
levels of B-type cyclins were reduced at 6 to 12 hours post irradiation (Table
1). The inhibition of B-type cyclins transcription was proved to have an
important role in controlling the entry into mitosis and activating the G2/M
checkpoint. For instance, the concentrations of cyclin B2 mRNA were
reduced in the treatment of HepG2 cells with 5-fluorouracil or methotrexate
through p53-dependent transcription repression and brought to the G2
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arest®. The ability of p53 to control mitotic initiation by regulating
intracellular cyclin Bl levels aso suggested that the B-type cyclins were
involved in the G2 checkpoint®™. However, since U138 cells bearing
mutated p53 protein which was proved to be loss of function, the repression
of B-type cyclins may be carried out through a p53-independent mechanism
or controlled by regulation of its mMRNA stability™. In either case, cells

would have been arrested in G2.

Inhibition of forming mitotic apparatus and M phase checkpoint

If the DNA damage checkpoint is activated, the cells that accumulate in
corresponding phase of the cell cycle will increase. In this study, we used
propidium iodide staining to measure the DNA contents of cells and also the
assessment of cell cycle arrest. The natural limitation of this technique
makes it unable to distinguish the mitotic cells from G2 cells. Therefore, we
were not able to define whether cells arrested at G2 or M. However, based
on our microarray data, the genes involved in G2 arrest and mitotic
checkpoint were distinctly identified, and their down-regulation implicated

that both events were taking place.

During mitosis, sister chromatids attach via a specialized DNA-protein
complex, known as kinetochore, to microtubules emanating from opposite
poles of the mitotic spindle. When and only when all kinetochores have
bound to microtubules, and under a proper mechanical tension, the mitotic
spindle proceeds to pull the sister chromatids apart. A surveillance
mechanism, known as spindle checkpoint, is essential for ensuring fidelity in
chromosome segregation and for prohibiting premature mitosis®®d. In

general, in response to unattached kinetochores, the spindle checkpoint halts
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the cell cycle progression prior to anaphase. The spindle checkpoint
components, like MAD2, BUB1 and BUB3, bind to the unattached
kinetochore and form a protein complex with other proteins. This complex
catalyzes the formation of CDC20-APC- MAD2 complexes which render
CDC20-APC inactive, and arrests cells at metaphase®®.

In our study, the genes whose products were proved to be involved in
this checkpoint, such as BUB1, TPX2, STK6 (AuroraA) and INCENP, were
repressed on their mRNA levels at 6 to 12 hours after radiation treatment
(Table 1). It has been reported, for example, BUB1, a protein kinase which
forms complex with BUB3 and phosphorylates BUB3, is responsible for
activation of the spindle checkpoint’®?. The WD40 repeat protein CDC20,
has been shown to be an activator of the APC complex, binds to and
activates the APC, then promotes the execution of anaphasd®. TPX2, a
prominent component of the spindle apparatus, is required for targeting
Aurora A to the spindl€®. Since Aurora A localizes to the centrosomes and
spindle, it is able to phosphorylate the spindle-associated proteins and
control the spindle formation and maintain its stability. Moreover, the initial
actvation of Aurora A in late G2 phase is essentia for recruitment of the
cyclin B1/ CDK1 complex to centrosomes, and the RNAI study reported by

5 Theinner

Hirota et. al. showed that Aurora A isrequired for mitotic entry
centromere-like protein (INCENP), which can form complex with Aurora B
kinase, helps coordinate chromosome segregation, spindle behavior, and
cytokinesis during mitosis®®. The data here suggest that the repression of
these genes may contribute to the increased unattached kinetochore,
inactivation of APC complex, instability of spindle, and finaly activation of

the spindle checkpoint.
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In addition, HEC, a novel nuclear protein encoded by the human gene
HEC (highly expressed in cancer), was also observed in our study (Table 1).
It has been reported that inactivation of HEC by microinjection of specific
monoclonal antibodies into cells during interphase severely disturbs the
subsequent mitosis’®”. The result suggests that the HEC protein may play an
important role in chromosome segregation during M phase. Further, it was
found that depletion of Hecl impaired chromosome congression and caused
persistent activation of the spindle checkpoint, indicating the involvement of
HEC in spindle checkpoint®®. Also, members of the Ndc80/Nuf2(CDCA1)
complex have been shown in several systems to be important in formation of
stable kinetochore-microtubule attachments and chromosome alignment in
mitosis. The depletion of Nuf2 by RNAI resulted in a strong prometaphase
block with an active spindle checkpoint™®. Taken together the published
literatures and our microarray results, we suggested that both of the G2 and
spindle checkpoints were activated in U138 cells after irradiation and

contributed to extensive accumulation of the cells at G2/M.

Possible mechanisms of cell death in irradiated U138M G cells

Since there is no evidence for DNA laddering of U138MG cells after
irradiation, we interpret these results to indicate that the irradiated U138MG
cells did not undergo radiation-induced apoptosis or p53-independent
apoptosis. In wild-type cells, p53 plays a role in deciding whether cells
should undergo apoptosis or other fates after injury or DNA damage. The
activation of cell cycle checkpoint, involving ATM and other associated
proteins, leads to p53 phosphorylation and activation. The function of
activated p53 is thought to mainly through transcriptional control of target
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genes that influence multiple response pathways. Activated p53 aso leads to
diversity of cellular responses to DNA damage, such as cell cycle arrest,
DNA repair and apoptosis ™. However, in p53-mutated cell line, it is unable
to activate p53-dependent apoptosis pathway!™. Indeed, in our study of
U138MG cells, many of the genes involved in p53-dependent apoptosis such
as caspases and pro-apoptotic genes were not activated (Table 1). These
results, together with the lack of DNA laddering following irradiation, lead
us to speculate that the failure to activate apoptosis after irradiation may
have contributed, at least partly, to the radio-resistance of the p53-mutated

cells.

Following irradiation with a lethal dose, cells would undergo either
rapid death (interphase) or delayed death (reproductive)l’?. The delayed
reproductive death, also known as mitotic death, is a characteristics of many
p53-mutated tumors that are resistant to genotoxic insult™®”. On p53
mutated cells, absence of GL1/S checkpoint would allow cells to progress
through S phase with accumulated DNA damage into G2 arrest, a checkpoint
that presumably permits cells more time for repair. It has been shown that
during G2 arrest, DNA double strand breaks (DSBs) can be repaired by
homologous recombination (HR)". However, cells with excessive
chromosome lesions either directly bypass the G2/M checkpoint, starting
endocycles from G2 arrest, or are subsequently detected by the spindle
checkpoint and present with the features of abortive mitosis or mitotic
death!”. This possible mechanism suggests that the features of mitotic death
do not ssimply represent aberrations of dying cells but are indicative of a
switch to amitotic modes of cell survival. This may help usin explaining the

phenomena of prolonged G2/M arrest and absence of apoptosisin our study
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since the survival of 10 Gy gamma-irradiated U138MG cells is only about
1%,

Precautions of interpretations that are based on gene expression profiles

alone

In recent years, microarray analysis has become a powerful tool on
studying the global gene expression profiles for various purposes. However,
there are two common pitfals that the researchers often face when
interpreting microarray results. The first, assuming that the regulations on
gene expressions can represent the interactions on proteins or connect
directly to the cellular responses. The second, assuming the cell responses
should be observed on gene expression profiles. These may lead to the
incorrect interpretations on microarray data. Since the regulatory networksin
cells are complex, microarray analysis only provides a possible explanation
on how cells responding to the stimuli. The interactions and regulations on
protein level may not reflect on transcriptional profiles. Therefore, the strong
biological inferences can be made from microarray transcriptional data only

when they are made within the proper biological and experimental context.
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V. CONCLUSION

The present study has substantiated the radiation-induced cell cycle
perturbations and cell death on p53-mutated U138 cells. The irradiated cells
exhibited a lack of G1/S checkpoint, but a prolonged period of G2/M
blockade, while they showed no evidence of apoptotic death. The
expressions of genes involved in p53-dependent apoptosis were not altered
in our microarray analysis, which supports the loss of p53 function in the
cell line. Our temporal microarray data show that the genes involved in
regulating the G2/M arrest and mitotic checkpoint were activated, indicating
that cells could have been arrested in G2 as well as in mitosis. Further,
suppression of several genes vital to the mitotic apparatus strongly suggest
that abortive mitosis or mitotic death, rather than interphase apoptosis,
accounts for a mgor mechanism of death in the irradiation population.
Based on the temporally global expression data, we have proposed a
possible mechanism(s) of radiation-induced cell death for the U138MG cells
(Fig. 112).
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VII. TABLES

Table 1. Differential Gene Expression I dentified by Microarray Analysis

MA1 MAZ2
Time({hr) 0.5 6 12 24 36 0.5 ] 12 24 36 Accession
I. Cell Cycle (31)
Cluster A
CCT2 094 087 0% 073 072 09892 092 091 0384 064 AFD26166
MCM2 0.98 1.10 1.00 0.67 0.56 0.98 0.98 1.07 0.75 048 NM_0D04526
MCM3 103 103 103 052 045 104 105 104 056 038 D3B073
MCME 09 105 108 072 0.61 1032 115 100 063 051 BCD0D0142
MCME 094 088 0% 053 034 103 097 099 043 032 DB4557
MCM7 103 113 105 071 059 100 104 105 078 051 NM_D05916
POLE3 09 093 100 O74 071 054 085 100 0394 070 AKOIT4TE2
HSPCA 103 087 086 055 062 090 069 0381 082 049 AF028332
Cluster B
TGFA 106 099 162 198 213 095 107 207 219 247 NM_D03236
CDKN1A 110 103 144 137 127 118 102 136 148 202 UOD3106
SESM2 oegr 118 1739 208 153 115 108 159 182 272 AY123223
ASNS 100 110 199 352 268 098 096 188 267 343 BCD014621
CCNG2 097 100 108 137 133 101 090 107 136 1.81 MNM_0D04354
Cluster C
CDKN3 101 065 060 085 128 090 053 047 079 126 AKDIBEL3
BUB1 09F 065 O7F0 099 103 092 043 059 079 096 AFM4E07E
KPMNA2 097 053 0539 095 127 093 047 054 104 115 UD9559
CCHNB1 097 043 052 084 117 086 044 044 081 1.17 BCODO6510
CCHNB2 094 055 055 ©08 118 103 052 054 094 136 ALODS0146
CDC20 09 047 043 082 125 106 043 045 085 1.24 BCD00G624
CDCAA1 0.95 0.68 0.91 1.356 1.41 0.95 0.59 0.74 1.09 1.31 AKDS3348
CDCAS 0.95 0.56 0.66 0.88 1.06 0.99 0.58 0.75 0.90 1.07 BCD0O1651
MKIET 114 067 088 124 133 110 052 053 082 1.06 X65550
HEC 09 043 072 098 108 095 044 058 089 109 BCO36617
INCEMNP 09 o070 076 100 093 101 058 076 094 098 AKDI56195
STKB 098 046 052 087 115 094 037 055 092 1.08 BC0D06423
TPX2 09 067 079 098 109 089 067 070 100 1.12 BCDD4136
PTTG1 094 076 056 082 102 103 070 057 081 1.10 AJ223953
PTTG2 0.98 0.72 0.65 0.85 1.07 0.99 0.74 0.57 0.83 1.08 NM_0D06607
PTTG3 099 074 056 082 103 110 074 054 081 1.06 NM_021000
ASK 091 o064 072 08 100 ©089 054 056 082 107 AF160876
TOPK 094 072 0% 091 091 090 058 073 099 089 AB0I27249

(Continued on next page)
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Table 1. (Continued)

MA1 MAZ
Time(hr) 0.5 6 12 24 36 0.5 6 12 24 36 Accession
Il. Apoptosis (13)
Cluster A
CTHNNAL1 0.95 0.86 0.95 0.72 0.72 0.94 0.87 0.88 0.82 070 NM_DO3793
CASP4 0.99 0.94 1.00 0.75 0.70 1.00 0.96 0.99 0.84 0.66 U28978
CYCS 1.01 0.94 0.99 0.76 0.64 0.95 0.94 0.93 0.81 0.60 BCOD09607
NCL 1.00 0.97 0.85 0.69 0.62 0.96 1.02 0.582 0.73 0.60 NM_D05381
Cluster B
TNFSF7 1.01 1.22 1.48 1.91 1.78 1.02 1.22 1.51 213 257 569339
TNFRSF25 1.04 1.21 1.11 1.66 1.67 1.13 1.356 1.20 1.41 1.70 NM_148965
C200rfa7 0.93 0.99 233 4526 2.61 1.09 1.04 2.45 3.84 539 AKD26945
UMNCS5B 1.24 1.19 1.80 424 3.91 0.93 1.10 1.79 3.02 522 HNM_170744
FDXR 1.02 1.37 1.33 1.28 1.15 1.02 1.43 1.13 1.15 1.43 NM_004110
G5SN 1.04 1.09 1.21 1.46 1.49 0.96 1.18 1.16 1.31 1.63 NM_D00177
TIMP3 1.05 1.44 1.39 201 291 0.98 1.70 1.26 1.77 293 578453
LGALS3 1.07 1.13 1.22 1.75 1.67 0.95 1.16 1.33 1.47 2.35 ABODETS0
Cluster C
BIRCS 0.99 0.80 0.60 0.80 1.02 1.02 0.73 0.62 0.87 1.07 U75285
lll. DMNA Repair (6)
Cluster A
UNG 1.02 1.02 1.06 0.62 0.53 0.99 1.02 1.05 0.59 0.54 NM_D30911
PCNA 1.03 1.11 1.21 0.64 0.53 0.96 1.18 1.02 0.70 0.52 BCOD0OD491
MSHE 1.05 1.07 1.11 0.71 0.63 0.95 1.09 0.99 0.74 0.66 U28946
Cluster B
DDE2 0.97 1.41 1.58 1.44 1.14 0.86 1.30 1.48 1.52 164 U18300
RRM2B 1.09 1.35 1.80 1.73 1.64 0.99 1.82 1.44 1.88 217 BCD42468
Cluster C
HMGB2 0.97 0.70 0.94 1.17 0.96 1.05 0.65 0.76 1.11 1.27 X62534

(Continued on next page)
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Table 1. (Continued)

MA1 MAZ
Time(hr) 0.5 3] 12 24 36 0.5 6 12 24 36 Accession
IV. Growth & Proliferation (8)
Cluster A
EDMN1 094 078 091 076 063 093 098 082 0684 052 YDOO7T49
DENR 093 090 O09F 068 065 084 069 084 072 050 ABM4TH
IFRD2 09 O087 084 070 065 105 090 0895 082 063 NM_006764
CYRE1 09 057 O70 O57 0339 095 067 069 043 047 BCD16952
CTPS 1.00 0.89 0.91 0.71 0.64 0.98 1.02 1.04 0.90 0.56 NM_0D01905
usP1 1.00 0.94 1.07 077 0.62 0.98 0.86 1.09 0.94 0.72 AF117336
Cluster B
BCLE 108 118 131 122 145 1268 103 145 1.3 1.66 Z21943
IGF2R 106 123 132 147 152 114 139 103 107 155 YDD285
V. Transcription (18)
Cluster A
HISTIH1E ©090 065 09 068 035 092 054 066 053 037 NM_D05321
HISTIH2AH 102 076 086 082 05 09 073 070 060 046 NM_DB0596
HISTIH4C 085 074 110 068 029 080 061 O0O7V5 056 035 AY128656
HIST1H4L 09 081 103 072 035 084 067 078 053 033 NM_0D03546
HIST1H4l 0.89 0.75 1.19 0.75 0.38 0.83 0.72 0.79 0.59 045 NM_D03495
HIST2H2AC 0.95 077 0.92 0.82 0.43 1.01 0.59 0.64 0.45 0.38 NM_D03517
HIST3H2A 097 079 092 084 057 092 075 075 061 065 AY131974
SFRS53 09F 083 089 073 060 ©091 076 080 078 056 BCDOD914
SFRS53 104 089 09 075 068 094 075 082 085 062 NM_0D03017
KLF2 098 068 09 083 069 099 072 087 071 0.65 AF134053
LOCE5924 097 081 063 059 060 098 084 069 062 065 AKIS5667
UHRF1 09F 095 09 073 064 097 100 094 074 052 AF129507
SFR510 0.96 0.80 0.85 0.73 0.71 0.99 077 0.87 0.81 070 BCDOD160
Cluster B
MAFB 09 112 0% 113 168 102 105 100 108 174 NM_D05461
HDAC10 100 124 113 140 145 109 136 096 115 142 NM_032019
ATBF1 114 137 140 155 149 119 127 109 140 155 NM_0D06585
Cluster C
HIST1IHZBD 0.92 0.60 070 0.63 0.80 0.89 070 0.81 0.70 0.86 NM_D21063
EGR1 112 033 025 045 029 143 039 048 039 072 MG625829

(Continued on next page)
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Table 1. (Continued)

MA1 MAZ
Time{hr) 0.5 6 12 24 36 0.5 3] 12 24 36 Accession
V1. Translation (10)
Cluster A
PSMD7 101 094 o088 068 066 092 083 100 093 069 BC0O12606
EIF4E 09 078 082 067 066 08 0668 077 078 060 M15353
EIF5 103 077 071 055 062 093 072 075 073 065 BC0O323866
ICMT 09 09 101 075 063 ©08S7 097 090 030 059 BC023163
TCP1 0.95 0.95 0.90 0.73 072 0.97 0.84 0.97 0.88 0.67 BCDDDG65
CCTBA 0.96 0.94 0.92 0.71 0.73 0.91 0.92 0.80 0.75 057 L2Z7¥706
HSPD1 0% 091 08 061 061 ©097 078 092 085 056 BCODD2676
PPIL1 089 083 0% o081 073 101 08 104 088 073 BCOO3048
EEF1E1 104 091 107 O76 064 091 084 095 080 056 BCODs291
BZW1 093 082 082 074 074 089 081 086 0839 073 D13630
Vil. Miscellaneous (20)
Cluster A
MMP1 103 081 071 043 0432 097 073 069 060 055 X54925
MMP3 09 102 097 068 060 093 089 081 078 062 X05232
HAT1 102 105 119 072 068 093 0980 112 091 060 NM_003542
PSMBG 107 109 094 076 071 092 083 095 0383 062 BCODDE35
MT1A 0.92 0.83 0.75 0.60 0.53 0.91 0.81 077 0.71 0.67 BCD29475
MT1B 0.91 0.79 0.58 0.51 0.45 0.98 0.75 0.61 0.56 0.54 AY163638
MT1G 095 078 060 050 044 098 076 060 058 055 BCO20757
MT1H 093 077 063 058 048 099 083 068 065 059 BCDDB408
MT1J 095 080 060 052 045 09 077 061 058 056 MNM_175622
MT1X 094 083 062 050 044 098 078 061 055 054 NM_005952
MT2A 095 080 064 054 045 0594 080 064 053 057 NM_005953
GLIPR1 099 087 070 049 042 08 072 078 060 041 16307
GLIPR1 0.92 0.73 0.89 0.59 0.56 0.97 0.90 0.76 0.64 047 NM_0D06351
CKAP2 0.86 0.65 0.65 0.82 0.98 0.85 0.50 0.59 0.83 110 Y15753
Cluster B
GSMN 104 109 121 146 149 09 118 116 131 1.63 NM_0D00177
TNC 1.14 112 1219 142 142 098 119 093 110 147 M5E5618
EFNB1 108 0485 099 129 157 104 105 116 123 145 BCOD16649
THBS1 080 133 150 133 174 097 176 139 176 1.65 X046656
Cluster C
CENPA 100 055 O064 106 123 101 052 0864 093 122 U14518
UBE2C 100 072 081 125 147 09 067 078 115 148 BC0D16292




Table 2. Primers Used in Quantitative RT-PCR

Gene Usme
symbal
Formand (3 =¥
Revere [T - 57)
Gene Hame
Syemibol

Formard {5~ 7]
Reverss (5 = 5')
Gene lame
il
Formard (5 - 1)
Reverss (3 <5
Gene Mame
Syemibnl
Formard {5 = 17)
Reverss [T - 57)
Gene lame
Sl
Formard (5" —-1')
Reverse (X = 5')
Gene Hame
Symbal
Formard (5 = 37
Heweres [5 - 57)
Gene Hame
Synibel
Formard {5 =)
Reyere (X a5
Gene Mame
wymbal
Formard (5" = 3]
Reverss (¥ <5

cyclin-degendent kinae mhibitor 14 (p21, Cipl)
COENLA

CCTCATCCOGTGETTCTOOTTT
GTACCALCCAGLGGATARGT

gruwth arrest and CHA- damage - e e, slpha
GADDMSA

TCAGLGLALGATCAL TGIE
CCAGCAGGCACAMCACCAL

oyclin K1

e

TCTGGATAATCGTEAATGEACA
CGRATETEECATACTTGTICTTG

COC20 cell divisien eycle 20 homolog (5. cerevisias)
COC30

GLCCALTAAGAACGAALATE

GAGTCCATGCTCTREAGGTTT
a2~ 2 - microg b bk

g
ATGACTATROCTGOCETGTRA
GECATCTTCARADCTOCATE

TCACACTOGOARAAL AATGLA

L[] =52
GC [%%] = &0

G (] = 55
GC [%] =50

n#_DO0SRE.D
T [C] = S4a
Tm [T} = ¥5.9

FE_DO1G342
Trm (0] = 533
Tow (%] = 55.4
157

ifl_ 0318663
Tm (%) = SIL1
Tres (%] = 520

W81 _D01255.1
Trm (] = 556
T (] = 518

A _DORS@E 3
T (] = SilL4
fre (0] = 544
1

AP _DOE0ER §
T (7] = 544
T (%) = 518

W _D0F0&6.3
Trm (] = 518
Toa (C] = 563

nE1_DD01841
Tm (7] = S0LS
Tem (*C) = Haa
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VIIl. FIGURES
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Figure 1. Growth kinetics and survival curve of U138 cell line. (A) Each time
point represented by the average of triplicate dishes. After calculating the increasing
population against incubation time, the population-doubling time of U138 cells is
about 39.33 hours. (B) The cell killing which caused by different dose (ranging from
1 to 8 Gy) was investigated, and the survival fraction of U138 cell receiving 8 Gy
irradiation was about 1.41%.
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DNA content analysis
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Figure 2. Cell cycle changesin U138 cells after irradiation. The proportion of cells

in each part of the cell cycle for this cell line is shown. Cells after irradiation with
10Gy of Co-60 were harvested at different time points and were analyzed with FACS
by the use of PI dye. The data showed here are repeated at |east three times, except the

72h. NC refersto the negative control, which are non-irradiated cells.
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M: 100bp Marker (Invitrogen) %
PC: Positive control
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Others: U138 cells after 10 Gy IR and incubated 5t
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NC: Un-irradiated U138 cells

at indicated time
NC* 0.5h 6h 12h 24h 36h 48h 72h**

Time (m)
Figure 3. DNA laddering assay in detecting radiation induced apoptosis. In this
study, cells after 10 Gy irradiation were harvested at indicated time points and
examined for DNA fragmentation through agarose gel electrophoresis. 3 p g of DNA
were extracted for each experiment to be loaded on the gel. Molecular weight

standards indicating number of base pairs are given.

MA1 MA2
80 80
60 60 r @ Debris
G0/G1
20 | 40 | m
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20 | 20 | i o G2M
0] \l 0 L |}
NC 0.5h 6h 12h 24h 36h NC 0.5h 6h 12h 24h 36h

Figure 4. FACS analysis on microarray samples. The DNA content in two
independent experiments was investigated using flow cytometry, and the results

showed here was in consistent with previous data.
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MA1l_12h_BGSubSignal MAL_12h_Processed Signal
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A A

(B)

MaL_1Zh_Dye-swap Pre-Morm Data M&1_17h_Dye-swap Norm Data

a.ad 5 a0 1000 15.00 3000 0.0a 5.00 10.00 15.00 20.00

Figure 5. The distribution of microarray data represented with M-A plots. Using
just the ratios or log ratios to visualize the data does not enable us to see the
systematic dependence of the ratio on intensity values. The M-A plots, which can
show the intensity-dependant ratio of raw microarray data, were used to represent the
distribution of the ratio of the genes (M) and the relative amount of genes (A). It's
clear that M noiseis greater as A decreases, and the data processed with normalization
eliminate the noise produced by the faint spots.

Asdefined in thereported data:

A = 1/2*(logz(Cy5) + logx(Cy3))

M =logx(Cy5/ Cy3)
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Figure 6. Functional grouping performed with differentially expressed genes. The

black bar indicated the number of genes observed in the DEGenes list, and the gray

bar indicated the number of genes in the reference list, which contains all probes on

the chip.
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Figure 7. DAG view of enriched GO categories. The enriched GO categories are
brought together and visualized as a Directed Acyclic Graph (DAG). Categoriesin red
are enriched ones while those in black are non-enriched patterns.
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Figure 8. Cluster analysis of gene expression profiles following IR. A total of 196
genes selected for this analysis were clustered into three main groups on the basis of
the similarity of their expression profiles. The degree of redness represents level of
induction, whereas that of greenness represents level of repression. The black boxes
represent genes equally expressed. The charts show the median expression profiles for
the genesin the corresponding clusters designated A-C.
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Figure 9. Comparing the results from quantitative RT-PCR and microarray
analysis. Independent measurements of selected gene expression levels were
performed by quantitative RT-PCR and oligonucleotide microarrays. Expression
levels measured by Q-PCR were normalized with GADPH and plotted relative to the
level in control cells. Both methods gave similar results in the gene expression

profiles.
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Figure 10. Differential gene set validation with quantitative RT-PCR. (A) Five
genes, which were identified in microarray anaysis, were validated using SYBR
Green | assay performed on ABI Prism7000. Results from microarray exhibit high
correlation (R* = 0.87 for log-transformed expression ratios) with quantitative
RT-PCR. (B) The table here shows the Pearson’s correlation between Q-PCR and

microarary in detailed comparisons.
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Figure 11. Hypothetical pathway of U138 cells responded to DNA damage. The
regulation network in p53-mutant U138 glioma cells after y-irradiation based on their

differential global expression profiles. The
regulations were activated after detection of DNA double strand breaks (DSB). The

genes in cluster C are considered as early responded genes which were suppressed

radiation-induced transcriptional

under transcriptional regulations and most of these genes are related to initiate of cell
cycle arrest. Then, the genes in cluster A and B were subsequently atered and

considered as |ate responded genes.
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APPENDI X: Experiment Protocols

A. Cell culture maintenance

a-1. Cell thawing

1.

Heat the water bath to 37°C, dispense 10 ml medium into a T-75 flask and
incubate until cells are to be seeded.

Get the sample from the liquid nitrogen tank. Immediately place the vial into the
water bath. Avoid submerging the whole vial into the water to avoid
contamination.

After stock solution has thawed, suck the solution out and dispense slowly into a
10 ml tube.

Add medium very slowly to the cell suspension: 10 ml over 2 min added
dropwise at the start and then a little faster, gradually diluting the cells and
preservatives.(This is particularly important with DM SO, where sudden dilution
can cause severe osmotic damage and reduce survival by half.)

Centrifuge for 5 min. at 1,000 rpm.

Discard the supernatant and flick the tube to suspend the pellet.

Add 5 ml of medium and mix. Make sure the solution is homogenous and there
areno visible cell pellets.

Dispense the solution into the T-75 flask. Observe under the microscope and
incubate.

After 24 hrs, change half of the medium to remove remaining DM SO.

a-2. Passage of cell line

1.

Add medium of appropriate amount to new culture dish/flask to be seeded and
incubate.

Withdraw the medium and discard.

Use 1X PBS asindicated below to rinse the monolayer. Discard the PBS.

Add trypsin as indicated below and incubate at 37°C for 1 to 2 min.

container 1X PBS Trypsin-EDTA
T-75 flask 2ml 1.5ml
T-150 flask 4 ml 2ml
60 mm dish 2ml 1ml
100 mm dish 3ml 1.5ml
150 mm dish 4ml 2ml
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Add medium of about two-fold amount of trypsin to stop the reaction of trypsin
and disperse the cells by repeated pipeting over the surface bearing the monolayer.
Finally, pipette the cell suspension up and down afew timesto spread the cells.
Transfer the cell suspension to a test tube. Mix and transfer two aliquots into 3
wells of a 96 well plate.

Put 80 ul Trypan Blue into 3 wells and add equal amount of cell suspension to
make a 1:1 dilution. Mix and load into a hemocytometer and count.

Compute for the appropriate volume of cells to be seeded into the new flask or
disk. Make sure that the cells are homogenously spread in the new medium.
Check under the microscope.

Label the passage # and date. Incubate.

B. Growth curve

Add 4 ml of fresh medium to each of the forty-five 60mm culture dish and
pre-incubate in the 37°C incubator.

Trypsinize the cells (see Passage of Cell Line) and centrifuge the cells.
Resuspend the pellet in 5 ml of medium and count the cells with hemocounter.
Dilute the cell suspension with fresh medium so that the final concentration
reaches 1 x 10 cells/ml.

Add 1 ml of diluted cell suspension to each of the prepared 60mm culture dish.
Count some of the leftover cell suspension in order to determine the actual
seeding density.

Put the plates into the 37°C incubator supplied with 5% CO,.

Count the triplicate plates every 48 hours.

By plotting the results of cell number and time on alog-linear scale, popul ation-
doubling time can be determined by identifying a cell number along the
exponential phase of the curve.

C. Clonogenic survival assay
Take appropriate number of 100mm dish and seed 3 x 10°cells per dish. Refresh half
medium 24 hrs before irradiation.

1.

Prepare enough 60mm culture dishes, label with cell line, passage #, treatment
condition, date, seeded cell number. Add 4ml medium per dish and incubate.

Cells to be irradiated are sealed with paraffin and irradiate for O, 2, 4, 6, 8 Gy,
respectively.

Wash with PBS after irradiation.
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Trypsinize and count cell numbers with hemocounter. Calculate the concentration
and dilute for suitable concentration.

Seed cells of appropriate numbers to 60mm dish, incubate at 37°C for about 10
days.

Once the colonies reach appropriate size, stain with 0.5% crystal violet and count
the number of cell colony.

Calculate survival fraction and plot survival curve.

D. Measurement of DNA content by flow cytometry

N o g s~ w

10.
11.

E.

Collect cells and centrifuge at 1000 rpm for 10 min and remove the supernatant.
Transfer cells to a new eppendorf, add 500 pul PBS and pipette gently for
washing cells.

Centrifuge 2000rpm, 5 min and remove supernatant.

Repeat step 2 and 3.

Add 70% EtOH (-20°C) and rock the eppendorf to homogenize.

Store at -20°C at least 30 min, do not over one week.

Before performing FCM, centrifuge 7000 rpm, 5min at 4°C, then remove the
supernatant.

Add 800 pl PBS, 100 pl RNase A and 100 pl P, flick and spin down.

37°C water bath incubate 30 min.

Filter by 40um Nylon membrane and transfer to 12 x 75 mm tube.

Seal the tube by paraffin and put onice.

Microarray experiment

e-1. Sample preparation
Cells are seeded at a density of 5 x 10° per 100-mm dish in the culture medium for 2
days, and half the medium were refreshed 24 hours prior to 10 Gy irradiation.

1.

o b~ w N

Cells growing exponentially are irradiated for 10 Gy.

For the control sample, go to step 3 without irradiation.

Trypsinize and count cell numbers with hemocounter.

Wash the cell pellet twice with PBS to remove excess culture medium.

Centrifuge at 1000 rpm for 10 min to pellet the cells and completely discard the
flow-through.

Store at -80°C for further use.
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e-2. Total RNA isolation

1.

0.

10.

For pelleted cells, loosen the cell pellet thoroughly by flicking the tube. For cells
lesser than 5 x 10°, add 350 pl of Buffer RLT. Vortex or pipet to mix.

Pipet the lysate directly onto a QlIAshredder spin column placed in a 2 ml
collection tube, and centrifuge for 2 min at maximum speed.

Add 350 pl of 70% ethanol to the homogenized lysate, and mix well by
pi petting.

Apply up to 700 pl of the sample, including any precipitate that might have
formed, to an RNeasy mini column placed in a2 ml collection tube. Centrifuge
for 15 sec at 13,000 rpm.

Add 700 pl Buffer RW1 to the RNeasy column. Centrifuge for 15 sec at 13,000
rpm. Discard the flow-through and collection tube.

Transfer the RNeasy column into a new 2 ml collection tube. Pipet 500 ul Buffer
RPE onto the RNeasy column. Centrifuge for 15 sec at 13,000 rpm to wash the
column. Discard the flow-through.

Add another 500 ul Buffer RPE to the RNeasy column and centrifuge for 2 min
at 13,000 rpm to dry the RNeasy silica-gel membrane.

To elute, transfer the RNeasy column to a new 1.5 ml collection tube. Pipet 50
ul RNase-free water directly onto the RNeasy silica-gel membrane and stand for
1 min. Centrifuge for for 1 min at 13,000 rpm to elute.

Repeat step 8 with 30 pl RNase-free water.

Store at -80°C.

e-3. Fluorescent cRNA synthesis and purification

1.

To a 1.5 ml microcentrifuge tube, add 2 ug total RNA and 5 pl of T7 Promoter
Primer. Use nuclease-free water to bring the total reaction volumeto 11.5 pl.
Denature the primer and the template by incubating the reaction at 65°C in a
heating block for 10 min.

Place the reaction on ice and incubate for 5 min.

Prewarm the 5X First Strand Buffer by incubating the vial in a 65°C heating
block for 3-4 min.

Immediately-prior to use, prepare cDNA Master Mix by gently mixing the
following components by pipetting, in the order indicated, at room temperature:

Component Vol.( pl/rxn)
5X First Strand Buffer 4.0
0.1IM DTT 2.0
10 mM dNTP mix 10
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10.

11.

12.

13.

MMLV RT 1.0
RNase OUT 0.5
Total Volume 8.5

To each sample tube, add 8.5 pl cDNA Master Mix. Incubate samples at 40°C in
acirculating water bath for 2 hours.

Move samples to a 65°C heating block and incubate for 15 min and then cooling
onicefor 5min. .

Spin samples briefly in a microcentrifuge to drive the tube contents off the tube
wall and lid.

To each sample tube, add either 2.4 ul cyanine 3-CTP(10mM) or 2.4 ul cyanine
5-CTP(10mM). Be aware to minimize light exposure for the following steps.
Pre-warm the 50% PEG solution by incubating the vial in a 40°C waterbath for
1 min.

Immediately-prior to use, prepare the Transcription Master Mix by gently
mixing the following components by pipetting, in the order indicated, at room
temperature:

Component Vol.( pl/rxn)
Nuclease-free water 15.3
4X Transcription Buffer 20
0.1IM DTT 6.0
NTP mix 8.0
50% PEG 6.4
RNAseOUT 05
Inorganic Pyrophosphatase 0.6
T7 RNA Polymerase 0.8
Total Volume 57.6

To each sample tube, add 57.6 ul of the Transcription Master Mix. Gently mix

by pipetting.
Incubate samplesin acirculating water bath at 40°C for 2 hours.

The following steps describe the purification of labeled cRNA samples using Qiagen’s
RNeasy mini spin column and refrigerated centrifugation procedure by a refrigerated

centrifuge set at 4°C.
14.

Add 20 ul of nuclease-free water to the cRNA sample to obtain atotal volume of
100 pl.
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15.

16.

17.

18.

19.

20.

21.

Add 350 pl of Buffer RLT and mix thoroughly.

Add 250 pl of ethanol (96-100% purity) and mix thoroughly by pipetting. DO
NOT centrifuge.

Transfer 700 pl of cRNA sample to an RNeasy mini spin column in a 2 mi
collection tube. Centrifuge the sample for 30 sec at 13,000 rpm. Discard the
flow-through and collection tube.

Transfer the RNeasy column to a new collection tube and add 500 pl of Buffer
RPE to the column. Centrifuge the sample for 30 sec at 13,000 rpm. Discard the
flow-through.

Again, add 500 ul of Buffer RPE to the column. Centrifuge the sample for 60
sec at 13,000 rpm. Discard the flow-through and collection tube.

Elute the clean cRNA sample by transferring the RNeasy colomn to a new 1.5
ml collection tube. Add 30 pl RNase-free water directly onto the RNeasy filter
membrane. Wait 60 sec before centrifuging for 30 sec at 13,000 rpm. SAVE
THE FLOW-THROUGH and the collection tube.

Again, add 30 ul RNase-free water directly onto the RNeasy filter membrane.
Wait 60 sec before centrifuging for 30 sec at 13,000 rpm. The total flow through
volume should be approximately 60 pl. Store at -80°C until needed.

e-4. Hybridization of oligo microarray

1.

Assemble Agilent Microarray Chambers referring to Oligonucleotide
Microarray Hybridization Chamber Quick Start Guide for Step-by-step
instructions. Be sure to place the “Agilent” barcode side of the glass dide
facing up in the Hybridization chamber.

Prepare 2X Target Solution by mixing the following components by pipetting
gently.

0.75 pg cyanine 3-labeled, linearly
amplified cRNA
0.75 pg cyanine 5-labeled, linearly
amplified cRNA
50 pl 10X Control Targets
Nuclease-free water to volume
Total volume per tube: 250 pl

For each microarray, prepare 1X Hybridization Solution as follows.

3.
4.

Add 10 pl 25X Fragmentation Buffer to 250 pl 2X Target Solution.
Mix well by gently vortexing. Incubate at 60°C, in a water bath, in the dark, for
30 min.

-61-



10.
11.

12.

13.

14.

15.

16.

17.

18.

To each tube, add 250ul 2X Hybridization Buffer to terminate the fragmentation
reaction, and so the total volume would be 510 pl.

Mix well by careful pipetting. Take care to avoid introducing bubbles. Do not
vortex: vortexing introduces bubbl es.

Spin briefly in amicrocentrifuge to drive the sample to the bottom of the tube.
Use immediately. Do not store.

For each microarray, insert a 25-gauge needle into the opening of one of the
septainstalled in the chamber.

Fit a1l ml syringe with a second needle.

Slowly draw up the entire amount of solution from one tube, avoiding any
bubblesin the solution.

Spin the sample tube again briefly in a microcentrifuge to consolidate any
remaining sample in the tube bottom. Slowly draw up any remaining sample
into the 1 ml syringe avoiding bubbles.

Slowly inject the solution into the septa that doesn’t have the needle in it.
Completely fill the chamber with the hybridization solution.

Remove the needles from the septa. Discard the needles in an appropriate waste
container.

If bubbles did form during loading, verify that they rotate freely in the
hybridization chamber by viewing the solution from the back while slowly
rotating the chamber.

Place the hybridization chamber on the hybridization rotator rack in the
hybridization oven, at 60°C. Each hybridization chamber is clamped on its side
and is rotated end-over-end on the hybridization rotator.

Proceed with other dlides by adding the hybridization solution, as described
above.

Hybridize at 60°C, in the dark, for 17 hours.

e-5. Wash of didesand scanning
Before the incubation has finished, prepare three staining dishes as followed:

e To the first staining dish (large volume, approximate 250 ml, to facilitate
disassembly of hybridization chambers), add Wash Solution 1 containing 6X
SSC and 0.005% Triton X-102, at room temperature.

e To the second staining dish, add a slide rack and a magnetic stir bar, Cover the
rack with room temperature Wash Solution 1. Place the dish on a magnetic stir
plate.

e Place the third staining dish into another container filled with ice (a Pyrex loaf
pan is well-suited to this purpose). Add a Magnetic stir bar. Add 4°C Wash
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10.

Solution 2 containing 0.1X SSC and 0.005% Triton X-102 to a depth
sufficient to cover a slide rack. Be sure to replenish the ice in the outer
container, which will keep the solution as cold as possible.
Remove only one hybridization chamber from the oven a a time to avoid
chamber cool-down before disassembly in the wash dish.
Immerse one chamber in the first staining dish, filled with Wash Solution 1.
Disassemble the chamber quickly, while immersed, by sequentially unscrewing
the tops from the hybridization chamber. This step should be completed
promptly, without interruptions.
Remove the glass slide and quickly place it in the dlide rack in the second
staining dish, containing Wash Solution 1 at room temperature. Be careful to
touch only the barcoded portion of the slide or its edges.
Repeat step 1-4 for the other slides.
After all dides have been collected in the slide rack, set the magnetic stir plate
to amedium speed. Wash dlides for 10 min at room temperature.
Transfer the dide rack to the third staining dish containing Wash Solution 2,
which is on ice. Place the entire dish on a magnetic stirring plate set to medium
speed. Wash dlidesfor 5 min.
The dide rack containing slides must stay immersed in the Wash Solution 2
during the individual slide drying process. Dry each dlide, one slide at a time.
Remove one dlide from the dlide rack. Using a nitrogen-filled air gun, quickly
blow drops of solution from the slide surface. Repeat procedure for each
individual didein the dlide rack.
To measure fluorescence intensities, load slides into a microarray scanner.
After scanning, store slides in polypropylene slide boxes, in a vacuum desiccator
or anitrogen purge box, in the dark.

F. Real-timeRT-PCR

f-1. Reversetranscription
(The following protocol is for 1ug total RNA as starting materials. Multiply the

volume of reagents accordingly.)

1.

Preparing the following mixture so that the total volumeis 12 pl, onice.

total RNA (1pg)
oligo(dT)1218 1ul
10mM dNTP mix 1u
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RNase-free water to volume
total volume 12 pl

2. Heat the mixture to 65°C for 5 mins and quickly chill onice
3. Add thefollowing to the mixture.

5X first-strand buffer 4ul

0.1M DTT 2ul
RNaseOUT Recombinant

Ribonuclease 1u
Inhibitor(40 units/pl)

Mix the content gently and incubate at 42°C for 2 min.
Add 1 pl (200 units) of SuperScriptll RT.

Incubate at 42°C for 50 min.

Inactivate the reaction by heating at 70°C for 15 min.
Store the cDNA at -20°C for further use.

O N O bk

f-2. cDNA purification

Add 5 volumes of Buffer PB to 1 volume of the cDNA sample and mix.

Place a QIAquick spin column in a2 ml collection tube.

To bind DNA, apply the sample to QIAquick column and centrifuge for 60 sec.
Discard flow-through and centrifuge the column for an additional 1 min.

Place the QIAquick columninanew 1.5 ml tube.

To elute DNA, add 50 pl Buffer EB or H,O to the QIAquick membrane, let
stands for 1 min, and centrifuge the column for 1 min.

7. Storeat-20°C.

o g s~ wbdpE

f-3. Real-time Polymer ase Chain Reaction

1. Normalize the primer concentrations and mix gene-specific forward and reverse
primer pair. Each primer (forward or reverse) concentration in the mixture is 1
UM,

2. The total volume of a real-time PCR reaction mixture for each well is 30 pl
containing 20 ng cDNA. Prepare the following mixture in a 1.5ml tube for
triplicates.

cDNA 20 ng




primer pair rmx (1uM/each 18
primer)
distilled water to volume
2X SYBR Green Master Mix 45 ul
total volume 90 pl

Load the samples as triplicates into 96-well PCR plate.
Set up the experiment and the following PCR program on ABI Prism 7000 and
do remember to click on the dissociation protocol at 60°C:

Stepl. 50°C 2 min, 1 cycle

Step2. 95°C 10 min, 1 cycle

Step3. 95°C 15 sec then 60°C 1 min, 40 cycles
After PCR isfinished, analyze the real-time PCR result with the ABI Prism 7000
SDS software. Check to make sure there is neither bimodal dissociation curve
nor abnormal amplification plot.
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