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Gadd45a inhibits cell migration and invasion

by altering the global RNA expression
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Gadd45a, the first well-defined p53 downstream gene, can be induced by multiple DNA-damaging agents, which plays
important roles in the control of cell cycle checkpoint, DNA repair process and signaling transduction. Our previous
findings suggested that Gadd45a maintains cell-cell adhesion and cell contact inhibition. However, little is known about
how Gadd45a participates in the suppression of malignancy in human cancer cells. To examine the functions of Gadd45a
in cell invasion and metastasis, we performed the adhesion, wound-healing and transwell assays in Gadd45a** and
Gadd45a” MEF cell lines. We found the adhesion, migration and invasive abilities were much higher in Gadd45a deficient
cells. We furthermore applied high-throughput cDNA microarray analysis and bioinformatics analysis to analyze the
mechanisms of Gadd45a gene in invasion and metastasis. Compared with the Gadd45a wild type cells, the Gadd45a
deficient cells showed a wide range of transcripts alterations. The altered gene pathways were predicted by the MAS
software, which indicated focal adhesion, cell communication, ECM-receptor interaction as the three main pathways.
Real-time PCR was employed to validate the differentially expressed genes. Interestingly, we figured out that the
deregulations of these genes are caused neither by genomic aberrations nor methylation status. These findings provided

a novel insight that Gadd45a may involve in tumor progression by regulating related genes expressions.

Introduction

Gadd45a, the first well-defined p53 downstream gene, is
induced by multiple DNA-damaging agents and growth arrest
signals, such as methylmethane sulfonate (MMS), hypoxia,
ionizing radiation (IR), UV radiation (UVR), cisplatin, growth
factor withdrawal and medium depletion."? It is reported
that high frequency point mutations are found in exon 4 of
Gadd45a in human pancreatic cancer and the expression level
of Gadd45a, combined with p53 status, significantly affects the
survival of patients.* There is also evidence to show Gadd45a
as an abnormally methylated gene in breast cancer.’ The piv-
otal roles of Gadd45a have been well-demonstrated in various
cellular processes. By physically interacting with Cdc2 kinase,
Gadd45a can dissociate Cdc2/cyclinBl complex and mediate
G,/M cell cycle arrest.*” By interacting with proliferating cell
nuclear antigen (PCNA), Gadd45a is involved in DNA repair
process.® In addition, it can induce apoptosis by promoting Bim
translocation to mitochondria.” Most recently, controversial
roles of Gadd45a in the control of DNA demethylation have
been reported.!”! As a tumor-suppressor gene, Gadd45a nega-
tively regulates cell malignancy. Gadd45a null mice are much
more susceptible to DNA damage-induced tumors and mouse

embryonic fibroblasts (MEFs) derived from Gadd45a-null
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mice exhibit genomic instability, single oncogene transfor-
mation, centrosome amplification and loss of normal cellular
senescence.'?

Tumor progression is considered to be a complex process,
in which metastasis is the main cause of death in patients with
malignancy.”® Several classes of proteins are involved in the cell
metastatic process, including cell adhesion molecules (CAMs),
integrins, extracellular matrix (ECM) and matrix metallopro-
teinases (MMPs)."*"> Gadd45a may not only play important roles
in anti-tumorigenesis but also contribute to inhibiting tumor pro-
gression. It has been noted that Gadd45a could regulate matrix
metalloproteinase through p38 MAP kinase and APC complex
activation.'® Meanwhile, our previous study has revealed that
Gadd45a maintained cell-cell adhesion and cell contact inhibi-
tion by regulating B-catenin subcellular distribution.”” However,
lictle is known about how Gadd45a participates in the suppres-
sion of cell malignancy.

Here we report that Gadd45a regulates adhesion, migration
and invasion of MEF cells in vitro. Additionally, Gadd45a affects
the expression of various genes involved in ECM, cell communi-
cation, cell adhesion. However, deregulations of these genes are
caused neither by genomic aberrations nor methylation status.
Taken together, Gadd45a may be involved in tumor progression
by regulating related genes expressions.
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Results

Gadd45a inhibits adhesion ability of MEF cells in vitro. Cell
adhesion to the extracellular matrix and molecules on the cell sur-
face is a key step during cancer metastasis in vivo. To investigate
the influence of Gadd45a on cell adhesive ability, we employed
the adhesion assay. The results are shown in Figure 1A. The
adhesion rates of Gadd45a** MEF cells were 54.70 + 4.03%,
79.25 + 1.71% and 84.17 + 2.20% at 30, 60, and 120 min after
cell plating, respectively. While the adhesion rates of Gadd45a™
MEEF cells were 72.80 + 4.39%, 84.79 + 2.05%, 92.18 + 2.34%
at the same time points, respectively (p < 0.05). The Gadd45a-
null mouse embryonic fibroblast cells (Gadd45a"- MEFs) showed
significantly increased attachment to fibronectin-coated surface,
compared with wild type MEF cells (Gadd45a*"* MEFs).

Gadd45a decreases migration and invasion abilities of MEF
cells in vitro. To elucidate the possible effects of Gadd45a on
cell migration, wound-healing assay was performed. Gadd45a*"*
MEFs spread significantly slower than Gadd45a’~ MEFs along
the wound edges (Fig. 1B).

In addition, migration and invasion assays were performed in
transwell chamber. Compared with the Gadd45a*"* MEFs, the
migration rate of Gadd45a”- MEFs increased to 263 + 5.64% and
the invasion rate increased to 314 + 6.37%. The results implied
that the migration and invasive abilities of Gadd45a’~ MEFs
were much higher than that of Gadd45a** MEFs (p < 0.05)
(Fig. 2A-C).

Gadd45a decreases migration and invasion abilities of
HepG2 cells in vitro. To clarify whether it is a cell line-specific
phenomenon, we knocked down Gadd45a expression by siRNA
and performed migration and invasion assays in HepG2 cells.
The siRNA knockdown efficiency was examined by west-
ern blot and real time PCR. Gadd45a siRNA transfected cells
dramatically decreased both Gadd45a mRNA and protein
expression compared with the negative control siRNA trans-
fected cells (Fig. 3A-B). As we expected, the migration rate of
Gadd45a knockdown cells increased to 200 * 2.57% (siRNAI)
and 178 + 6.33% (siRNA2) and the invasion rate of Gadd45a
knockdown cells increased to 198 + 4.67% (siRNA1) and 192
+ 4.37%(siRNA2), compared with negative control transfected
cell, respectively (Fig. 3C-E).

Gadd45 alters the global RNA expression in MEFs. To inves-
tigate the genome-wide influence of Gadd45a, microarray anal-
ysis was performed for Gadd45a*’* and Gadd45a”’ MEFs cells.
Compared with the Gadd45a wild type cells, the Gadd45a defi-
cient cells showed a wide range of transcripts alterations. There
were 818 genes changed (more than 2-fold) in the expression pro-
file with 473 genes upregulated and 345 genes downregulated.

Distinct changes of genes in certain pathways. The path-
ways were predicted by the MAS software, which indicated focal
adhesion,cell communication,ECM-receptor interaction as the
three mainly altered pathways. These pathways were detected
at the significance p value of < 10, respectively. (Table 1
and Fig. 4)

Quantitative real-time PCR confirmation of the differential
expression of candidate genes. In order to further confirm the
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reliability of our mircoarray data, we picked 10 candidate genes,
which were involved in cell migration and invasion. We used the
same RNA samples that had served for the cDNA microarray
analysis and confirmed the expression of five upregulated genes
and five downregulated genes by quantitative real-time PCR,
which were MMP3 (269-fold), Col3al (45-fold), Colla2 (523-
fold), Lama4 (3.74-fold), Vcam1 (10.91-fold), Krt18 (0.001-fold),
Krt19 (0.06-fold), Alcam (0.16-fold), Igsf4a (0.03-fold) and
Iegbl (0.4-fold) (Fig. 5).

CGH array analysis of the chromosomal aberrations in MEF
cells. To identify whether genomic aberrations were the main
cause of deregulated expression, we applied comparative genomic
hybridization (CGH) array on these two cell lines. As expected,
very few chromosomal aberrations took place in MEF Gadd45a”
cells, mainly at chromosome 4 and Y (Table S1). However, the
deregulated genes in ¢cDNA microarray scattered among the
whole genome and especially, the locations of highly-changed
genes could not match the abnormal regions in CGH array.

DMH array analysis of the aberrant methylation in MEF
cells. To verify whether the deregulated expression is caused by
methylation, we also applied Differential methylation hybrid-
ization (DMH) on these two MEF cell lines (Table S2). Our
result showed that there were less aberrant methylation in MEF
Gadd45a” cells compare with Gadd45a*"* cells, which indicated
that dysregulated expression may not be caused by aberrant
methylation in MEF cells.

Analysis of Krt19 and Alcam promoter methylation in MEF
cells. In order to further confirm that the differentially expressed
genes are not caused by methylation alteration, we analyzed CpG
islands of the 10 validated gene’s promoters and discovered that
half of them didn’t have CpG islands. Furthermore, we randomly
picked two of the rest five genes, which were Krtl9 and Alcam.
The Krtl9 gene contained two CpG islands and we analyzed
the methylation patterns of the second one. Scattered methyla-
tion was found both in Gadd45a*"* and Gadd45a’~ MEF cells
(Fig. 6A). The Alcam gene also contained two CpG islands and
we analyzed the methylation patterns of the first CpG island. In
accordance with our previous results, these two cell lines didn’t
display too much different methylation patterns (Fig. 6B).

Discussion

Gadd45a gene encodes a conserved 165 amino acid protein,
which was first isolated from Chinese Hamster Ovarian cells
(CHO) treated with UV radiation. Subsequently, it was found
to be induced by a wide spectrum of DNA-damaging agents and
growth arrest treatments. As a p53 and BRCAI downstream
gene, Gadd45a participates in various cellular responses to DNA
damage agents, including cell cycle arrest, apoptosis and DNA
repair. Most strikingly, the defect of Gadd45a is closely associ-
ated with genomic instability and tumorigenesis, which has been
clearly proved in Gadd45a null mice.”® Our previous work has
found that Gadd45a could induce B-catenin translocation to
cell membrane for maintaining cell-cell adhesion/contact inhibi-
tion, which might contribute to its tumor suppressive function.”
However, the detailed mechanism is still poorly understood.
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Figure 1. Gadd45a decreases adhesion, migration abilities of MEF cells in vitro. (A) Gadd45a*+ and Gadd45a” MEFs were seeded onto the 96-well
plates precoated with fibronectin. After 30, 60 and 120 min, the remaining cells per well were measured by MTT assay. (B) The migration ability of
Gadd45a** and Gadd45a” MEFs was compared by scratch wound assay. Representative images shown here were from three independent experi-

The mortality of patients with cancer is mainly caused by dis-
tant metastasis. The capability of invasion and metastasis enables
cancer cells to escape the primary tumor mass and colonize
new terrain in the body." In this study, we found that Gadd45a

suppressed the migration and invasion abilities of MEF cells and
also adhesion ability. As adhesion of cells to the ECM is a key step
to the regulation of cellular migration and invasion,” we hypoth-
esized that pro-adhesive and pro-migration/invasive effects of
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Figure 2. Gadd45a decrease migration and invasion abilities of MEF cells in vitro. (A) Migration of cells through a layer of polycarbonate was deter-
minedaccording to the method above and incubated for 10 h. Invasion of cells are the same as the migration assay described above except that the
filter was coated with 250 pl/ml Matrigel and the incubation time was 10 h. (B-C)Ten fields were counted for each filter and results were representative

Gadd45 might coordinately contribute to tumor metastasis. To
better understand the mechanism of Gadd45a gene in invasion
and metastasis, we applied high-throughput cDNA microarray
analysis in both Gadd45a** and Gadd45a’- MEF cells. Among
the deregulated genes in the Gadd45a’ cells, many genes are
classified in focal adhesion (FA), cell communication and ECM-
receptor interaction pathways, which are highly concordant with
the previous results in adhesion, migration and invasion assays.
Changes in expression of CAMs, integrins and extracellular pro-
teases are evident in invasive and metastatic cells." Functions of
the validated genes will be discussed below, respectively.

Matrix metalloproteinases (MMPs) are zinc-dependent
endopeptidases, which play critical roles in the degradation of
extracellular matrix (ECM) during the invasion process. Matrix

www.landesbioscience.com

metalloproteinase-3 (MMP3, also known as stromelysin-1),
which has been reported overexpressed in colorectal tumors and
desmoid tumors,?*?' is highly upregulated in Gadd45a” cells
both in microarray and real-time PCR for over a hundred folds.
Basement membrane (BM), which plays an essential role in
promoting the motility of tumor cells, is an important compo-
nent of ECM and laminins are the major constituents of BM.
Laminin-4 (LAMA4) has been reported to be highly upregulated
in hepatocellular carcinoma and the downregulation of LAMA4
could inhibit glioma invasion.”*?* Interestingly, in our study,
we found LAMA4 was overexpressed in Gadd45a”~ MEF cells.
As another important component of BM, collagens also play
curial roles in tumorigenesis. Several collagens were upregulated
in MEF Gadd45a" cells according to microarray data. Since
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Figure 3. Gadd45a decrease migration and invasion abilities of HepG2 cells in vitro. (A and B) The knockdown efficiency of Gadd45a siRNA was
examined by western blot and real time-PCR. (C) Migration of cells through a layer of polycarbonate was determined according to the method above
and incubated for 10 h. Invasion of cells are the same as the migration assay described above except that the filter was coated with 250 pl/ml Matrigel.
(D-E) Ten fields were counted for each filter and results were representative of at least three separate experiments and were expressed as mean =+ SD.

collagen type IIT a 1 and typela 2 have been reported to be over-  expressions of them by RT-PCR. The cell adhesion molecules
expressed in ovarian and gastric carcinomas,*? we verified the (CAMs) (including immunoglobulin and calcium-dependent
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Table 1. Distinct altered genes in certain pathways

Pathway name

Focal adhesion

Cell communication

ECM-receptor interaction

www.landesbioscience.com

Gene symbol

ltgb1
Col2at
Col1a2
Col6at
Col3at
Col6a2
Thbs2
Prkcb1
Fn1
Cav2
Lamal
Pdgfra
Pik3ca
Cavl
Capn7
Lama4
Col5a3
Col5atl
Col5a2
Tnc
Col1al
Krt2-4
Des
Col2at
Krt2-8
Col1a2
Col6atl
Col3atl
Krt1-19
Col6a2
Thbs2
Fn1
Lamal
Lama4
Col5a3
Col5atl
Col5a2
Tnc
Krt1-18
Collal
Col1a1
Tnc
Col5a2
Col5at
Col5a3

Lama4

Fold
change

0.41
249
7.39
6.64
5.96
5.14
6.94
0.18
2.30
2.03
2.09
4.87
0.45
2.21
0.48
3.48
5.84
2.39
3.63
3.76
16.8
0.34
3.26
249
3.76
7.39
6.64
5.96
0.1
5.14
6.94
2.30
2.09
3.48
5.84
2.39
3.63
3.76
0.1
16.80
16.86
3.76
3.63
2.39
5.84
348

Cancer Biology & Therapy

RefSeq.

NM_010578
NM_031163
NM_007743
NM_009933
NM_009930
NM_146007
NM_011581
NM_008855
NM_010233
NM_016900
NM_008480
NM_011058
NM_008839
NM_007616
NM_009796
NM_010681
NM_016919
NM_015734
NM_007737
NM_011607
NM_007742
NM_008475
NM_010043
NM_031163
AK077597
NM_007743
NM_009933
NM_009930
NM_008471
NM_146007
NM_011581
NM_010233
NM_008480
NM_010681
NM_016919
NM_015734
NM_007737
NM_011607
NM_010664
NM_007742
NM_007742
NM_011607
NM_007737
NM_015734
NM_016919
NM_010681

Gene description

integrin B 1
procollagen, type ll, & 1
procollagen, type |, o 2
procollagen, type VI, a 1
procollagen, type lll, a 1
procollagen, type VI, a 2

thrombospondin 2
protein kinase C, 3 1
fibronectin 1
caveolin 2
laminin, o 1
platelet derived growth factor receptor, o polypeptide
phosphatidylinositol 3-kinase, catalytic, a polypeptide
caveolin, caveolae protein 1
calpain 7

laminin, o 4
procollagen, type V, a 3
procollagen, type V, a 1
procollagen, type V, a 2

tenascin C
procollagen, type |, a 1

keratin complex 2, basic, gene 4
desmin
procollagen, type ll, & 1
Keratin, type Il cytoskeletal 8
procollagen, type |, o 2
procollagen, type VI, a 1
procollagen, type lll, o 1
keratin complex 1, acidic, gene 19
procollagen, type VI, a 2
thrombospondin 2

fibronectin 1

laminin, o 1

laminin, o 4
procollagen, type V, a 3
procollagen, type V, a 1
procollagen, type V, a 2

tenascin C

keratin complex 1, acidic, gene 18
procollagen, type |, a 1
procollagen, type |, a 1

tenascin C
procollagen, type V, a 2
procollagen, type V, a 1
procollagen, type V, a 3

laminin, o 4
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Table 1. Distinct altered genes in certain pathways (continued)

ECM-receptor interaction Lamal 2.09 NM_008480 laminin, o 1
Fn1 2.30 NM_010233 fibronectin 1
Sdc2 2.07 NM_008304 syndecan 2
Thbs2 6.94 NM_011581 thrombospondin 2
Col6a2 5.14 NM_146007 procollagen, type VI, a 2
Col3atl 5.96 NM_009930 procollagen, type lll, a 1
Col6a1 6.64 NM_009933 procollagen, type VI, a 1
Col1a2 7.39 NM_007743 procollagen, type |, a 2
Col2a1 2.49 NM_031163 procollagen, type ll, o 1
Itgb1 0.41 NM_010578 integrin B 1 (fibronectin receptor B)

Focal adhesion

Cell communication

ECM-receptor interaction

Arginine and proline metabolism
Cytokine-cytokine receptor interaction
Nicotinate and nicotinamide metabolism
Glycerolipid metabolism
Glycerophospholipid metabolism

MAPK signaling pathway

5 10 15 20 25

Figure 4. Distinct altered genes in certain pathways. Differentially expressed genes are classified into pathways dealing with molecular function,
biological processes and cellular components. Each bar indicates the number of the genes involved in the certain pathway. Changes of the expression
levels are illustrated using color coding, the key to the color code is shown on the right. The p value < 10 was used as a cut-off.

cadherin families and integrins), which mediate the interac-
tions of cell to cell and cells to extracellular matrix substrates,
also display distinct changes in Gadd45a” MEF cells. Vascular
cell adhesion molecule-1 (VCAM-1) expression increased over
10-fold in Gadd45a defect cells. It has been well-characterized
that VCAM-1 takes a part in T-cell immunity escape. As tumor
immune escape is a very important trail of tumorigenesis, the
overexpression of VCAM-1 may play an important role in tumor
progression. Among the downregulated genes, the altered expres-
sion of activated leukocyte cell adhesion molecule (ALCAM) has
been reported in several human tumors. ALCAM can interact
with CDG6 and the interaction is required for optimal activation
of T cells.?® It is also reported that the reduced expression of
ALCAM correlated with poor prognosis and skeletal metastases
in breast cancer.””*® Another downregulated gene is immuno-
globulin superfamily 4 (IGSF4), also named tumor suppressor
in lung cancer (TSLC1), which was reported to be markedly
reduced in many kinds of tumors, such as lung cancer, breast
cancer, prostate cancer and gastric cancer.”’ TSLC1 gene locates
at chromosome 11q23, which was a frequently deleted region in

1118 Cancer Biology & Therapy

diverse kinds of cancers, including breast cancer, lung cancer and
3032 In addition to the aber-
ration, it is also reported that the promoter methylation plays a
role in the reduction of TSLC1.%3% Integrins, which link cell to
extracellular matrix substrates, also appear to play critical roles
in the processes of metastasis. Integrin 1 (ITGBI1), which has
been reported downregulated in cervical squamous cell carci-
noma,” was downregulated in Gadd45a” cells. Keratin 18 (K18)

and 19 (K19), whose reduction has been reported to associate
36,37

esophageal squamous cell carcinoma.

with the malignant phenotype,®*? were significantly decreased
in RT-PCR validation. By and large, the expressions of MMP,
ECM, CAMs genes largely altered in Gadd45 defective cells,
which might result in increasing migration and invasion abilities
and thus promoting the processes of metastasis.

Gadd45a has a substantial impact on the maintenance of
genomic integrity, furthermore, disruption of this gene is associ-
ated with genomic instabilities, such as chromosomal aberrations,
gene amplifications and abnormal mitosis.'> Considering the dis-
tinct influence of Gadd45a on multiple gene expression at mRNA
levels, while it has not been reported as a transcriptional factor,
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we applied CGH array on these two cell lines to identify whether
genomic aberrations were the main cause of deregulated expres-
sion. However, there were few aberrations in Gadd45a defective
cells and the locations of highly-changed genes in cDNA array
could not match the abnormal regions in CGH array. Herein,
the mRNA expression alterations were not caused by genomic
instabilities directly.

As we all know, acquired epigenetic abnormalities partici-
pate in genetic alterations and cause the dysregulation of gene
expression, resulting in activation of oncogenes and inactivation
of tumor suppressor genes.”® Recent reports have raised some
questions concerning whether Gadd45a gene is involved in DNA
demethylation. Barreto G. reported that reduced Gadd45a may
lead to hypermethylation and inactivation of tumor suppressor
genes. In addition, Rai K. also reported Gadd45a participated
in demethylation in zebrafish; meanwhile, Jin S.-G. insisted
that Gadd45a wouldn’t promote DNA demethylation.'*'** To
verify whether the deregulated expression was caused by meth-
ylation, we applied DMH array on these two MEF cell lines.
Our result showed that there were few aberrant methylation in
Gadd45a defective cells. As DMH array could not provide suf-
ficient resolution at a single gene level, we analyzed the promoter
CpG islands of the 10 validated genes and discovered that half of
them didn’t have CpG islands. We further analyzed the methyla-
tion status of Krt19 and Alcam genes by bisulfite DNA sequenc-
ing. However, scattered methylation was found in CpG islands
of both Gadd45a*"* and Gadd45a’”~ MEF cells, It implied that
dysregulated expression did not caused by aberrant methylation
and Gadd45a could not promote demethylation at least in MEF
cells. Taken together, the possibility that genomic aberrations
or epigenetic changes are the main reasons for gene expression
alterations in Gadd45a™ cells has been excluded by the results
above. Gadd45a may influence the expression of invasive related
genes indirectly thus inhibit the migration and invasion ability
of MEF cells.

In summary, we proposed a novel function of Gadd45a that it
alters various genes’ expression in mammalian cells; and further-
more, we found these genes are mainly classified in focal adhesion,
cell communication and ECM-receptor interaction pathways.
However, neither gene copy number nor epigenetic changes cause
the alterations and the distinct changes of gene expressions might
be responsible for the different invasiveness and metastatic abil-
ity of Gadd45a*"* cells compare with Gadd45a” cells. Therefore,
aberrant modulation and expression of Gadd45a could result in
dysregulation of invasion related genes as well as increasing the
invasion and metastatic potentials in tumor development and
progression.

Materials and Methods

Cell culture and gene silencing. Gadd45a*”* and Gadd45a™
mouse embryonic fibroblasts (MEFs) cell lines were kindly pro-
vided by Professor Albert J. Fornace and M. Christine Hollander
and cultured in Dulbecco’s modified Eagle’s medium (DMEM),
while HepG2 cell line was cultured in Eagle’s minimum essen-
tial medium (EMEM), all supplemented with 10% fetal bovine

www.landesbioscience.com
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Figure 5. Validation of 10 candidate genes by real time PCR. Fold induc-
tion or repression of 10 genes associated with cell migration and inva-
sion of Gadd45a** cell, as compared with Gadd45a” cell. The gray bars
indicate the fold changes in microarray analysis; the black bars indicate
the fold changes in real-time PCR validation. The ratios are normalized
by logarithm.

serum, 100 U/ml penicillin and 100 pg/ml streptomycin, main-
tained at 37°C humidified atmosphere of 5% CO,.

For Gadd45a knockdown, two validated Gadd45a siRNAs
(siRNALI: sense: 5- GAG CAG AAG ACC GAA AGG AUG
GAU A-3'; anti-sense: 5-UAU CCA UCC UUU CGG UCU
UCU GCU C-3';siRNA2: 5-GGU GACGAAUCCACAUUC
AUC UCA A-3; anti-sense: 5-UUG AGA UGA AUG UGG
AUU CGU CAC C -3") were used. In brief, 3 x 10> HepG2 cells
per well in 6-well plates were transfected at a final concentration
of 50 nM of siRNA or negative control RNA using lipofectamine
RNAIMAX (Invitrogen). After incubation for 36-48 h, cells
were prepared for subsequent assays.

Adhesion assay. The adhesion assay was performed by MTT
assay.*” The monolayers of Gadd45a** and Gadd45a”- MEF cells
(1 x 10°) were planted into the fibronectin-precoated (100 g/ml)
96-well plate in triplicate. The groups of cells were washed with
phosphate buffered solution (PBS) at 30, 60 and 120 min,
respectively, to remove the non-adherent cells. After washing, the
adhered cells were measured with MTT assay at 490-nm wave-
length. The OD values of washed groups compared with non-
washed groups reflect the proportion of cells that adhered to the
fibronectin-coated 96-well plate.

Wound-healing assay. Gadd45a”"* and Gadd45a”’- MEFs were
assessed with a scratch wound-healing assay. The confluent cell
monolayers were carefully wounded with sterile pipette tips and
washed with PBS once to remove cellular debris. After acquired
the first image of the wounded cell monolayers, incubated dishes
for 4 h and photographed again.

Migration assay. In vitro migration assay was performed
using a 24-well transwell unit with polycarbonate filters
(Corning Costar). Lower compartment was filled with serum-
free media containing 0.2% BSA. Cells (5 x 10%) were placed
in the upper part of the transwell plate, incubated for indicated
hours in 37°C, 5% CO, incubator. Cells that migrated to the
bottom of the membrane were fixed with methanol and stained
with crystal violet. The migration phenotypes were determined
by counting the cells that migrated to the lower side of the filter
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curved arrow represented transcription start site.

Figure 6. Analysis of Krt19 and Alcam promoter methylation by bisulfite sequencing. (A and B) Methylation status of Krt19 and Alcam gene in MEFs
was analyzed, 10 colonies of cloned BGS PCR products from each bisulfite-treated DNA sample were sequenced and each was shown as an individual
row, representing a single allele of the promoter. Open circles denoted unmethylated CpG sites and filled circles represented methylated CpG sites,

with microscopy. Ten fields were counted for each filter and three
independent experiments were performed for each set.

Invasion assay. In vitro invasion assay was performed using
24-well Transwell unit with polycarbonate filters. Experimental
procedures are the same as the in vitro migration assay described
above except that the filter was coated with 250 wl/ml Matrigel
(BD Biosciences) for the invasion assay.
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Microarray based gene expression analysis. The 22 K oli-
gonucleotide microarrays were constructed by CapitalBio Corp.
(CapitalBio) using the Human Genome Oligo Set Version 2.1
(Operon) and comprise 21,329 5'-amino-modified 70-mer
probes. After hybridization, microarrays were scanned with a
confocal scanner LuxScanTM 10KA (CapitalBio) and the data
of obtained images were extracted with LuxScan 3.0Software
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(CapitalBio). The raw data was normalized using a space and
intensity-dependent LOWESS program. For each test and con-
trol sample, two hybridizations were performed by using a dye-
swap strategy.!

Bioinformatics analysis. After normalization, genes that
showed = 2.0- and < 0.5-fold changes in their expression levels
when compared with control were considered to be upregulated
and downregulated, respectively. To determine the biological
roles of the differentially expressed genes, functional classifica-
tion was performed using MAS software (http://bioinfo.cap-
italbio.com/mas). It classifies the genes into relevant pathways
dealing with molecular function, biological processes and cellu-
lar components. The p value < 10 was used as a cut-off.

Real time quantitative RT-PCR (qRT-PCR). Total RNA
was isolated from GADD45** and GADD45" MEFs cells with
TRIzol reagent (Invitrogen). Ten micrograms of total RNA was
incubated with 10 U RNase-free DNase I (Invitrogen) at 37°C
for 30 min. RNA was further purified with an RNeasy Mini kit
(Qiagen) for subsequent use. The purified total RNA (2 jug) was
reverse transcribed according to the manufacturer’s instructions
(Invitrogen). Quantitative RT-PCR was performed by employ-
ing a DNA Master SYBR green I kit in ABI 7300 thermocycler
(Applied Biosystems). Target gene and reference gene (GAPDH)
were amplified in parallel. The primer sequences are shown in
Table S1. The results were analyzed by using System SDS soft-
ware (Applied Biosystems).

Array-based comparative genomic hybridization. Total DNA
was isolated from GADD45** and GADD45" MEFs cells with
Genomic DNA Extraction Kit (Tiangen). Custom NimbleGen
3 x 720 K microarrays contain up to 4.2 million oligonucleotide
probes designed and fabricated on a single slide, resulting in a
median probe spacing of 3537 bp. Standard genomic DNA label-
ing (Cy3 for samples and Cy5 for references), hybridizations,
array scanning, data normalization and segmentation were per-
formed at CapitalBio Corporation.

Differential methylation hybridization. Total DNA was iso-
lated from GADD45** and GADD45”- MEFs cells as described
previously. Approximately 2 pg genomic DNA was restricted
to completion with Msel (New England Biolabs).The digests
were purified with QIAquick column (QIAGEN) and then
were ligated with linkers. Using the polymerase chain reaction
(PCR) to amplify the unrestricted DNA fragments and then

hybridizing them onto microarrays. Standard digestion, liga-
tion with linkers, PCR, hybridizations, array scanning, data
normalization and segmentation were performed at CapitalBio
Corporation.

Bisulfite treatment and sequencing. A total of 200 ng
genomic DNA from each sample was bisulfite-treated with the
Methylamp DNA Modification Kit (Epigentek). The number
and distribution of CpG islands of Krt1-19 and Alcam gene have
been analyzed and primers were designed by using the online
program MethPrimer (available at www.urogene.org).

Bisulfite-treated DNA was subjected to PCR using primers as
follows: 5-GTT AGG GTT TTA TTAAAATTT TTA T -3'
(Krt19-forward) and 5'-CCA AAC CTC AAC TAT ATC TTC
CTT TAA-3" (Krt19-reverse); 5-GGT GAT TGT TTT TAG
GGA TAG ATT T-3' (Alcam-forward), 5'-ACA TCT AAA ATA
TCC CCT TCT TAC C-3' (Alcam-reverse). PCR cycle condi-
tions were as follows: 5 min at 95°C, then 30 sec at 95°C, 30 sec
at 57°C and 45 sec at 72°C for 35 cycles, followed by 5 min at
72°C. PCR products were gel purified and cloned into the vec-
tor pMDI19-T (Takara) according to the manufacturer’s protocol.
Colonies were grown on agar plates and 10 of them were ran-
domly selected and sequenced with the M13 reverse primer via
automated sequencing (Invitrogen).

Statistical analyses. The data were analyzed by ANOVA. The
statistical analysis was performed using SPSS version 11.0 soft-
ware and p < 0.05 was considered as significant.
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