1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Toxicol Appl Pharmacol. Author manuscript; available in PMC 2017 February 15.

-, HHS Public Access
«

Published in final edited form as:
Toxicol Appl Pharmacol. 2016 February 15; 293: 30-36. d0i:10.1016/j.taap.2016.01.008.

SATB2 expression increased anchorage-independent growth
and cell migration in human bronchial epithelial cells

Feng Wu?, Ashley Jordan?, Thomas Kluz?, Steven ShenP, Hong Sun?, Laura A Cartularo?,
and Max Costa®"

aDepartment of Environmental Medicine, New York University School of Medicine, 57 Old Forge
Road, Tuxedo, New York 10987, USA

bCenter for Health Informatics and Bioinformatics, New York University Langone Medical Center,
New York, New York 10016, USA

Abstract

The special AT-rich sequence-binding protein 2 (SATB2) is a protein that binds to the nuclear
matrix attachment region of the cell and regulates gene expression by altering chromatin structure.
In our previous study, we reported that SATB2 gene expression was induced in human bronchial
epithelial BEAS-2B cells transformed by arsenic, chromium, nickel and vanadium. In this study ,
we show that ectopic expression of SATB2 in the normal human bronchial epithelial cell-line
BEAS-2B increased anchorage-independent growth and cell migration, meanwhile, ShRNA —
mediated knockdown of SATB2 significantly decreased anchorage-independent growth in Ni
transformed BEAS-2B cells. RNA sequencing analyses of SATB2 regulated genes revealed the
enrichment of those involved in cytoskeleton, cell adhesion and cell-movement pathways. Our
evidence supports the hypothesis that SATB2 plays an important role in BEAS-2B cell
transformation.
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Introduction

The special AT-rich sequence-binding protein 2 (SATB2) gene is located on chromosome 2,
spans 191 kilobases, and encodes a 82.5 kDa protein. First reported in 2003, SATB2 is a
member of the SATB transcription factor family that binds to AT-rich sequences in the
nuclear matrix [1] and regulates gene expression by orchestrating chromatin organization
and remodeling. Subsequent findings showed that SATB?2 is involved in skeletogenesis [2]
and neuronal development [3]. The expression of SATB2 in adult tissues is restricted to the
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brain and lower gastrointestinal tract [4]. However, the role SATB2 plays in cancer
development and prognosis seems to be tumor-specific. In a laryngeal squamous cell
carcinoma study, lower expression of SATB2 was correlated with a more advanced tumor
grade and higher tumor recurrence rate, and overexpression of SATB2 reduced the
tumorigenicity of HEp2 cells in vitro and in vivo [5]. In colorectal cancer, high expression of
SATB2 is associated with a favorable prognosis and increased sensitivity to radiation and
chemotherapy [6], and overexpression of SATB2 in DLD-1 cells reduced anchorage-
independent growth and tumor size when injected to nude mice [7], indicating a tumor
suppressor role for SATB2. On the other hand, high SATB2 expression was observed in
osteoscarcoma tumors cells, and migration and invasion was decreased by SATB2
knockdown [7, 8]. Moreover, in a breast cancer study, SATB2 mRNA expression was
associated with increased tumor grade and poor overall survival [9] indicating a tumor
promoting activity.

In our previous study [10], we analyzed transformation of the immortalized normal human
bronchial epithelial cell-line BEAS-2B by 4 metals, including nickel (Ni), hexavalent
chromium (Cr), arsenic (As) and vanadium (V). Among these metals, Ni, As and Cr are
known carcinogens associated with many types of cancer in humans [11, 12], and V can
function as a tumor promoter of mice lung cancer [13]. While each of these metals has their
own unique gene expression signature in transformed BEAS-2B cells, the expression of
SATB2 is uniformly increased in every metal transformed clones [10]. Given the gaps in our
understanding of metals carcinogenesis, investigating the role that SATB2 plays in the
cellular transformation could elucidate the mechanisms involved in this process.

Materials and Methods

Cell Culture

The BEAS-2B immortalized human bronchial epithelial cell line was obtained from the
American Type Culture Collection (ATCC, Manassas, VA) and maintained in Dulbecco's
Modified Eagle Medium (DMEM, Invitrogen, Grand Island, NY) supplemented with 10%
heat-inactivated fetal bovine serum ( FBS, Atlanta Biologicals, Lawrenceville, GA) and 1%
of penicillin/streptomycin (GIBCO, Grand Island, NY). The cells were routinely cultured at
37°C with 5% CO5.

Stable transfection of SATB2

The full-length human SATB2 cDNA cloned into the pcDNA3.1 vector was kindly provided
by Dr. Rudolf Grosschedl (Max Planck Institute of Immunobiology and Epigenetics).
BEAS-2B cells were transfected with pcDNA3.1 vector or pcDNA3.1-SATB2 DNA using
Lipofectamine® LTX Reagent with PLUS™ Reagent (Life technologies, New York, NY)
according to manufacturer's protocol. Briefly, when cells reached 80-90% confluency in a
6-well plate, transfection was carried out. For each transfection well, 2.5 ug of plasmid DNA
combined with 2.5 ul of PLUS reagent in 150 pl of serum-free media. This was then
combined with a mixture of 10 ul Lipofectamine LTX in 150 pl serum free media. This final
mixture was then incubated for 5 min before being added to the cells. Forty-eight hour after
transfection, cells were harvested and plated in two 10 cm? tissue culture dishes with fresh
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medium containing G418 (500 pg/ml, GIBCO BRL, Gaithersburg, MD). Colonies were
picked and expanded after two weeks of selection.

Small Interfering RNA (shRNA) Transfection

Ni transformed BEAS-2B cells (Ni-BEAS-2B) were cultured in Dulbeco's modified Eagle
medium (DMEM) with 10% FBS and 1% penicillin/streptomycin. Four SATB2 shRNAs
(TG301833A, B, C and D) and scramble control shRNA plasmid (TR30013) were
purchased from OriGene (Rockville, MD). The sequences of these four construct were as
follows: shSATB2-A: 5’-TCCGCAATGCCTTAAAGGAACTGCTCAAA-3’; shSATB2-B:
5’-GTTCAAAGTTGGAAGACTTGCCTGCGGAG-3’; shSATB2-C: 5’-
TGAACCAGAGCACATTAGCCAAAGAATGC-3’; shSATB2-D: 5’-
AATGTGTCAGCAACCAAGTGCCAGGAGTT-3".

The knockdown transfection was performed using PolyJet DNA In Vitro Transfection
Reagent (SignaGen Laboratories, Toronto, Ontario, Canada) following the manufacturer's
protocol. The cells were placed under selection with 0.5 ug/ml puromycin for one week and
harvested for western blot and real-time qPCR analysis.

Soft Agar Assay

Anchorage-independent growth was tested by the ability of cells to grow in soft agar. In
brief, a bottom layer of 0.5% 2-hydroxyethylagarose (Type VII low gelling temperature,
Sigma-Aldrich, St Louis, MO) and a top layer of 5000 cells in 0.35% 2-hydroxyethylagarose
was placed in a 6-well non-treated polystyrene plate. After three weeks, individual colonies
were picked from the agar for growth or the wells were stained with 0.005% crystal violet
solution in PBS containing 10% methanol. Images of each stained well were scanned using a
Bio-Rad Molecular Imager Gel-Doc XR* documentation system and Image Lab software
(Biorad, Hercules, CA), and colony numbers were estimated using Image J software with
defined particle size of 20-infinity pixel unit and circularity of 0.30-1.00. In addition, when
seeding cells into the soft agar plate, 200 cells were simultaneously seeded into a 10 cm?
dish in order to determine the plating efficiency in monolayer culture — defined as the ratio
of the number of colonies (formed in cell culture dish) versus the number of cells seeded.
After two weeks of incubation, plates were fixed with methanol and stained with 0.05%
crystal violet solution, cell colony numbers were determined and plating efficiencies were
calculated.

Real-time PCR Analysis

Total RNA was isolated with TRIzol Reagent (Life Technologies, Gaithersburg, MD).
Reverse transcription was performed using SuperScript™ 111 First-Strand Synthesis System
for RT-PCR (Invitrogen, Carlsbad, CA). Real time-PCR was performed by using SYBR
Select Master Mix (Applied Biosystems, Foster City, CA) on a 7900HT Fast Real-time PCR
System (Applied Biosystems). Each sample was run in triplicate. The relative mMRNA
expression levels were normalized by using GAPDH as the endogenous control. The
sequences of primers used to amplify each gene were forward: 5’-
TCTCCCCAAACACACCATCA-3/ reverse: 5’-GCAGCTCCTCGTCCTTATATTCA-3’
for SATB2, and forward: 5’-TGCACCACCAACTGCTTAGC-3’/ reverse: 5°-
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GGCATGGACTGTGGTCATGA-3’ for GAPDH. The results were analyzed using the
2-DACT method [14].

Western Blotting Analysis

Cells were lysed with cell extraction buffer (Invitrogen, Camarillo, CA) supplemented with
proteinase inhibitor cocktail (Roche Applied Science, Indianapolis, IN). Fifty ug of each
protein lysate was loaded and electrophoresed in a 12% SDS-polyacrylamide gel, then
transferred to a PVDF membrane. After blocking in 5% skim milk in TBS-T for 2 h at room
temperature, the membrane was incubated with SATB2 mouse monoclonal antibody
(Abcam, Cambridge, MA., ab51140)502, 1:100) overnight at 4°C, and then probed with
HRP labeled goat anti mouse secondary antibody (1:2000) for 1 h at room temperature
before the visualization by the chemiluminescene. Quantification of immunodetected
proteins was performed using Image J software.

Scratch Test

MTS Assay

Cells (1x10%) were plated into 35 mm culture dishes with 2 x 2 mm grids (Nunc) on the
bottom. Upon reaching confluency, a single scratch was made across the monolayer using a
200 pL pipette tip held perpendicular to the plate bottom. The plate was then gently washed
with medium to remove detached cells, and fresh DMEM media containing 2.5% of FBS
were added back into the plates. Images were acquired at 0, 5, and 10 h after the scratch
using a Nikon digital DS-Fil1-U3 camera unit controlled by NIS-Elements F3.2 software on
an Nikon Eclipse TS100 microscope (Nikon Instruments Inc., Tempe, AZ).

Cell proliferation was assessed using CellTiter 96 Aqueous Non-Radioactive Cell
Proliferation Assay kit (Promega, Madison, WI) to measure the absorbance of formazan, the
bioreduced product tetrazolium compound 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfo phenyl)-2H-tetrazolium (MTS), which is directly
proportional to the number of viable cells in culture. Briefly, 1x10% cells were seeded into
each well of 96-well microplates overnight to allow cells to attach and grow for 24 h.
Subsequently, 20 ul of the combined MTS/PMS solution was added directly into each well
of the 96-well assay plate containing 100 pl of cells in culture medium. The plate was
incubated at 37°C for additional 2 h and absorbance at 490 nm was measured using the
SpectraMax®M2 Microplate Reader (Molecular Devices®, Sunnyvale, CA). This assay was
performed in triplicate.

RNA Sequencing

Total RNA samples from two vector transfected (vector-4 and vector- 5) and two SATB2
transfected (SATB2-3 and SATB2-7, see Figure 1) BEAS-2B clones were converted into
cDNA libraries using a Tru-seq RNA Sample Preparation v2 Kit (Illumina, San Diego, CA).
Reads were aligned to Ensembl gene model (Homo_sapiens.GRCh37.71.gtf) [15] using
HTseq (0.6.1.p.1) [16]. For the statistical analysis, DESeq2 R/Bioconductor package was
used and the raw reads counts were normalized by using trimmed mean of M-values
normalization method [17]. The common dispersion and statistical significance for genes
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cross sample groups were estimated and calculated using a general linear model [17]. To
obtain adjusted p value for each gene, the FDR method for multiple hypothesis test has been
applied to those genes that have the summed reads counts per million (CPM) of all samples
greater than 5. In this study, FDR cut off value of 0.10 was used to identify highly relevant
SATB2 target genes. The 319 differentially expression gene set were functionally analyzed
with three different software/ web-based tools. Biological functions were determined with
ToppGene knowledgebase (https://toppgene.cchmc.org/enrichment.jsp), based on GO gene
(Gene Ontology) annotations. Molecular pathways were analyzed with KEGG (Kyoto
Encyclopedia of Genes and Genomes) ontological terms using Enrichr (http://
amp.pharm.mssm.edu/Enrichr/). Functional biological interactions were determined using
the Ingenuity Pathways Analysis application (http://analysis.ingenuity.com/pa).

Overexpression of SATB2 increased anchorage-independent growth in BEAS-2B cells

The SATB2 expression is tissue-specific, and its expression in lung is very low [18]. To
explore the effect of SATB expression on the anchorage —independent growth of BEAS-2B
cells, cells were transfected with pcDNA3.1 (vector control) or pcDNA3.1-SATB2 and
transfectants were selected with G418. Fifteen G418-resistant SATB2 clones and five vector
clones were picked from dishes derived from a single cell while the rest of the cell clones
were a group of transfected cells, not derived from single cells and is referred to as “pool
transfectant”. The protein and mRNA expression of three SATB2-overexpressing clones and
three vector clones are shown in Figure 1, significant levels of SATB2 were produced in the
SATB2-overexpressing clones, while SATB2 protein was undetectable in vector transfected
cells. SATB2-overexpressing cells showed no morphological change, but they took longer to
detach during trypsinization, indicating increased adhesion.

To avoid artifacts resulting from the use of single clones, we seeded the pooled SATB2 and
vector transfected clones to soft agar to evaluate their anchorage-independent growth. The
mMRNA expression of SATB2 in pooled SATB2 -transfected clones was about 6 times higher
than pooled vector control clones (data not shown). As shown in Figure 2, the SATB2-
expressing clones formed an average of 68 colonies per 5000 cells plated compared to 31
colonies formed when vector control cells were plated, also, the overall colony size of the
SATB2 expressing cells was greater than that of the vector transfected cells.

SATB2 Knockdown in Nickel transformed clone reduced anchorage-independent growth

In our previous study [10], 25 metal-transformed clones (7 each for As and Ni, 6 for Cr and
5 for V) were obtained by 30-60 days of metal exposure and subsequent soft agar growth,
and Ni transformed clones showed the highest SATB2 induction among these metal
transformed clones. We transfected ShRNA constructs into a Ni-BEAS-2B that showed
highest SATB2 (about 8-fold increase) expression. Among four shSATB2 constructs (A, B,
C, D) which target different SATB2 sequences, knockdown efficiency was close to 100%
for construct C, ~79% for construct B, respectively (Figure 3, quantified by Image J).
Construct A and D did not show significant knockdown efficiency in our study (data not
shown). Compared to Ni-BEAS-2B cells, which showed abundant growth in soft agar
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(Figure 4), significant reduction of colony number in Ni-BEAS-2B transfected with SATB2
ShRNA-B (Ni-BEAS-2B-shSATB2-B) and SATB2 shRNA-C (Ni-BEAS-2B-shSATB2-C)
were observed (Figure 4).

SATB2 overexpression increased migration in BEAS-2B cells

To evaluate cell migration, the scratch tests were performed with two SATB2 transfected
clones (SATB2-3 and SATB2-7, see Figure 1) and two vector transfected clones (vector-4
and vector-5). The scratch test results showed that both SATB2 transfected cells were able
to heal the wound by 24 h after the scratch was made but neither of the control vector
transfected cells were able to heal the wound within 24 h. Representative images (vector-4
and SATB2-7) of the cell migration are shown in Figure 5. To Exclude the possibility that
migration differences may reflect variations in the inrate of proliferation, MTS assays were
performed and results indicate that the rate of proliferation among these cells were
insignificant (Figure 5).

RNA-sequencing profile of SATB2 exogenous expression clones revealed genes and
pathways involved in carcinogenesis

We performed RNA-seq analysis with two SATB2 transfected clones (SATB2-3 and
SATB2-7) and two vector transfected clones (vector-4 and vector-5) and identified >2.0 fold
up- and down- regulation FDR cut off ) of 227 and 92 genes, respectively. A complete gene
list is provided in Supplementary Table 1. Raw data are available from the GEO database
under access humber GSE75652. The average SATB2 mRNA expression level was 4069
fold higher than control, and the top 20 most significant differentially expressed genes are
listed in Table 1.

We then performed Gene ontology (GO) biological functions enrichment analysis using
ToppGene knowledgebase. In upregulated genes, a list of top enriched biological processes
terms is shown in Figure 6, including tube morphogenesis (15 genes), cell proliferation (40
genes), cell chemotaxis (11 genes), cellular response to vitamin (4 genes), movement of cell
or subcellular component (37 genes), regulation of cellular component movement (20
genes), cell adhesion (27 genes), locomotion(34 genes), chemotaxis (20 genes), taxis(20
genes) and biological adhesion cell adhesion(27 genes). There was no biological function
enriched in the downregulated gene list. Three GO molecular functions including actin
binding (15 genes, Table 2), RNA polymerase Il transcription factor binding (7 genes) and
cytoskeletal protein binding (21 genes) were enriched in the upregulation gene set. The
KEGG pathway enrichment analysis showed no significant pathway enrichment in our gene
list. IPA (Ingenuity Pathways Analysis) revealed a few top canonical pathways including:
“Inhibition of Matrix Metalloproteases”, “T-helper cell differentiation” and “Agranulocyte
adhesion and diapedesis”.

Discussion

Previously, we have shown that SATB2 was the only gene uniformly induced in normal
human bronchial epithelial BEAS-2B cells transformed by four metals including arsenic,
chromium, nickel and vanadium [10]. In the current study, we examined the role SATB2
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plays in BEAS-2B transformation. We demonstrated that SATB2 overexpression increased
the anchorage independent growth as well as migration of BEAS-2B cells, while SATB2
knockdown in a Ni transformed BEAS-2B cells decreased anchorage independent growth.
Our evidence supports the hypothesis that SATB2 is involved in BEAS-2B cell
transformation and possibly metal related carcinogenesis.

RNA-sequencing revealed that approximately 319 genes were significant differentially
regulated between SATB2 overexpressed and control cell clones with no expression of
SATB2. Among the top 20 most significantly differentially expressed genes (Table 1), AR is
a member of steroid hormone receptor superfamily that function through their ability to
regulate the transcription of specific genes[19]. MFAPS5, as a component of microfibrils of
the extracellular matrix, promotes attachment of cells to microfibrils via alpha-V-beta-3
integrin [20]. TGM2, a member of a family of calcium-dependent enzymes that catalyze
post-translational modifications of many protein substrates through the formation of e-(y-
glutamyl) lysine bonds, plays multiple roles in apoptosis, migration, adhesion, cross-linking,
proliferation etc [21]. KCNQ3 is a member of potassium channel and plays a role in
hyperpolarization [22], and GJAlencoded protein is a component of gap junctions [23]. The
downregulated TLL1 gene encodes an astacin-like, zinc-dependent, metalloprotease that
processes procollagen C-propeptides, such as chordin, probiglycan and pro-lysyl oxidase
[24].

IPA analysis identified that 267 out of 319 genes are related to cancer. One of the most
significantly upregulated genes by SATB2 was PDPN, a type-I integral membrane
glycoprotein that has physiological roles in migration, adhesion and cell proliferation [25],
and has been reported to be upregulated in several cancer types, including squamous cell
carcinoma of the lung, head, and neck, malignant mesothelioma and brain tumors [26].
PDPN is often expressed at the leading invasive edge of tumors and overexpression of
PDPN results in a more mesenchymal phenotype, actin-rich filopodia, and increased
migration and invasion [27]. On the other hand, RUNX3, repressed 3.6 fold by SATB2
overexpression, has been shown to be a putative tumor suppressor gene localized to
chromosome 1p36, a region showing frequent loss of heterozygosity events in colon, gastric,
breast and ovarian cancers. Additionally, RunX3 was reported to be repressed in CRC by
hyperrmethylation [28] and loss of expression is associated with increased risk and
progression [29].

The canonical pathway analysis by IPA identified “inhibition of MMP” as the top canonical
pathway altered by SATB2 expression. Metalloproteinases (MMPS) are endopeptidases that
modulate both cell-cell and cell-ECM interactions and in turn influence cell differentiation,
migration, proliferation and survival. Four TIMPs (TIMP1, TIMP2, TIMP3, and TIMP4)
have been identified to inhibit active forms of MMPs [30] and in our study, 2 TIMPs (TFPI12
and TIM3) were found to be significantly upregulated by SATB2 while MMP3 was
significantly downregulated, probably by these 2 TIMPs. The MMP3 gene was shown to be
down-regulated in individuals with cleft lip and palate when compared to controls [31],
consistent with the correlation between SATB2 mutation and cleft lip and palate [18].

Toxicol Appl Pharmacol. Author manuscript; available in PMC 2017 February 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al.

Page 8

RNA-sequencing also revealed major gene expression changes involved in cytoskeleton
regulation. Our wound-healing results (Figure 5) also showed aberrant migration activity in
SATB2 overexpression cells. When a scratch is made in a monolayer tissue culture,
typically, non-transformed cells move coordinately as a sheet in a direction perpendicular to
the scratch and coordination between multiple structural (such as actin and myosin) and
regulatory components is required for the cell migration processes, including polarization,
protrusion, retraction, and adhesion [32]. Compared to control, SATB2 overexpression cells
not only migrated faster, the migrating edge is also less organized, At 10 h post scratch,
multiple single cells appeared between the gaps (Figure 5).

Cancer arises when uncontrolled cell proliferation and suppressed of apoptosis occur in a
cell, but the dysregulation in cellular morphogenesis process can also lead to tissue
disruption, inappropriate migration/ invasion, and generate genomic instability through
defects in mitosis [32]. The dynamics of actin cytoskeleton are regulated by small Rho
GTPases including Rho, Rac and Cdc42 [33]. In a recent study by Seog et al [8], SATB2
was found to be highly expressed in osteosarcoma cells and tumors. Knockdown SATB2
decreased migration and invasion without affecting proliferation or viability. Pathway
analyses of SATB2-regulated genes revealed enrichment of those involved in cytoskeleton
dynamics. Further studies in protein level reveals that SATB2 promotes osteosarcoma cells
invasion by downregulating EPLIN (Epithelial Protein Lost In Neoplasm) as a key mediator
that is downregulated in prostate cancer [34]. Similar to the pathways altered by SATB2, in
SATB 1 overexpressing breast cancer cells [35], a greater portion of differentially expressed
genes were also associated with the biological function of cell adhesion, probably due to the
similar targets SATB family share. SATB1 was 5-fold upregulated by SATB2
overexpression.

Moreover, in our previous report [10], “cell motion” and “migration” were identified as the
most affected biological functions in chromium transformed cells, “positive regulation of
migration” was found in nickel transformed cells and “cell adhesion” and “ cell migration”
were enriched in vanadium transformed BEAS-2B cells, indicating a similarity and potential
relation with altered SATB2 expression.

Taken together, our study has provided insights into the role SATB2 plays in carcinogenic
metal related transformation. Future studies will explore the underlying mechanism(s)
responsible for the increased expression of SATB2 by metals transformation, including its
promoter, enhancer, upstream regulator and interacting protein partners as well as its
function in epigenetics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
e We performed SATB2 overexpression in the BEAS-2B cell line.
e We performed SATB2 knockdown in a Ni transformed BEAS-2B cell line.

e SATB2 induced anchorage-independent growth and increased cell migration.

e SATB2 knockdown significantly decreased anchorage-independent growth.

»  We identified alterations in gene involved in cytoskeleton, cell adhesion.
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Figure 1.

SATB2 expression in selected vector and SATB2 stably-transfected BEAS-2B cell clones.
(A). Western blot analysis of SATB2 levels in SATB2-overexpressing cell clones compared
with control clones. (B).The intensity of individual band in the western blot was quantified
using Image J software and expressed relative to 3-actin signal as a control. (C).The relative
level of SATB2 mRNA was evaluated by real-time PCR.
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Figure 2.
Stable expression of SATB2 in BEAS-2B cells increased anchorage-independent growth.

Pooled BEAS-2B cells stably transfected with pcDNA3.1 vector and pcDNA3.1-SATB2
were subjected to a soft agar assay, and the graph shows mean number of the colonies + SD
from three experiments.
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Figure 3.
Reduced SATB2 expression in Ni-BEAS-2B -shSATB2-B and Ni-BEAS-2B -shSATB2-C

cells determined by western blot. The intensity of individual band in the western blot was
quantified using Image J software and expressed relative to -actin signal as a control.
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Figure 4.

Ni-BEAS2B-shControl ~ Ni-BEAS2B-shSATB2-B  Ni-BEAS2B-shSATB2-C

SATB2 knockdown decreased anchorage-independent growth in Ni-BEAS-2B cells. Ni-
BEAS-2B -shSATB2-B, Ni-BEAS-2B -shSATB2-C together with non-target scramble
control shRNA transfected Ni-BEAS2B cells were subjected to a soft agar assay, and the
graph shows mean number of the colonies + SD from three experiments.
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Figure 5.

SATB2 overexpression increased migration in BEAS-2B cells. Confluent monolayers of
SATB2 or vector transfected BEAS-2B cells were scratched and cell migration were

examine

d. A. Representative images at different time point post scratch are shown. B. The

graph demonstrates % recovery of wounds in SATB2-7 and vector-4. Data represent mean +

SD (n=3
Data rep

). C. MTS assay was performed for SATB2-3, SATB2-7, vector-4 and vector-5.
resent mean + SD (n=3).
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The Gene ontology (GO) biological functions enrichment analysis for up-regulated genes

using ToppGene knowledgebase.
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Top twenty genes with the most significant differential expression in SATB2 overexpressed BEAS-2B

compared with vector control.

Table 1

Gene Name FDR (False discovery rate)  P-value  Fold change
SATB2 6.18E-95 3.96E-99 4067
RP11-553A10.1 1.09E-26 1.40E-30 3507
OSBPL6 3.05E-18 5.86E-22 1677
AR 9.27E-18 2.38E-21 1062
TENM1 1.83E-17 5.87E-21 1050
MFAPS 1.93E-16 7.42E-20 836
ANKRD1 3.31E-16 1.49E-19 584
JPH1 1.27E-14 6.53E-18 490
TGM2 7.39E-13 4.27E-16 417
TIMP3 1.25E-11 8.02E-15 321
TIEL 1.88E-11 1.33E-14 273
GPR126 1.19E-10 9.19E-14 253
MAGEB2 3.84E-10 3.20E-13 246
CYP24A1 3.63E-09 3.26E-12 222
GJAL 3.64E-09 3.50E-12 222
TLL1 7.62E-09 7.82E-12 220
SAMD5 1.58E-08 1.72E-11 219
PDPN 2.57E-08 3.04E-11 211
KCNQ3 2.57E-08 3.13E-11 200
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Genes altered by SATB2 related to actin binding (GO:0003779)

Table 2

Gene Symbol  Gene Name
1 MYO10 myosin X
2 SYNPO2L synaptopodin 2-like
3 MTSSL metastasis suppressor 1
4  AIFIL allograft inflammatory factor 1-like
5 CXCR4 chemokine (C-X-C motif) receptor 4
6  SVIL supervillin
7 TAGLN transgelin
8 CNN1 calponin 1, basic, smooth muscle
9 CALD1 caldesmon 1
10 SYNE1 spectrin repeat containing, nuclear envelope 1
11 PSTPIP1 proline-serine-threonine phosphatase interacting protein 1
12 SHROOM2 shroom family member 2
13 DAAM2 dishevelled associated activator of morphogenesis 2
14 HCLS1 hematopoietic cell-specific Lyn substrate 1
15 PHACTR1 phosphatase and actin regulator 1
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