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SFMBT2 (Scm-like with four mbt domains 2) negatively regulates 
cell migration and invasion in prostate cancer cells

SUPPLEMENTARY MATERIALS AND METHODS

Cell culture

RWPE-1, LNCaP, VCaP and PC3 cells were 
obtained from the American Type Culture Collection 
and DU145 cells were purchased from Korean Cell Line 
Bank. RWPE-1 cells were maintained in Keratinocyte-
SFM (Invitrogen) supplemented with 10% fetal bovine 
serum, 0.05 mg/ml BPE, 5 ng/ml EGF, and antibiotics. 
LNCaP and DU145 cells were cultured in RPMI 1640 
Medium supplemented with 10% fetal bovine serum 
and antibiotics. VCaP and PC3 cells were maintained in 
DMEM with 10% fetal bovine serum and antibiotics.

RNA extraction and quantitative PCR

After isolation of total RNA with TRIzol reagent 
(Ambion), 500 ng of total RNAs were reverse transcribed 
using the PrimeScript II 1st strand cDNA Synthesis Kit 
(Takara). The resulting cDNA was subjected to real-time 
PCR with SYBR Green I Mix (Takara) using Light Cycler 
(Roche). PCR condition used to amplify all genes were 
30 s at 95°C and 40 cycles of 95°C for 5 s, 60°C for 34 s. 
Expression data were calculated from the cycle threshold 
(Ct) value using the ΔCt method for quantification. 
GAPDH mRNA level was as used for normalization. 
Oligonucleotide primers of real-time PCR are described 
in Supplementary Table S1.

Plasmid constructs and promoter reporter assay

Human gene promoters were amplified using 
oligonucleotide primers (Supplementary Table S2) 
and cloned into pGL3 vector (Promega). Mutation of  
YY1 binding site in MMP-9, MMP-26 and N-CoR gene 
promoters was performed by PCR using oligonucleotide 
(Supplementary Table S2). LNCaP cells were co-
transfected with gene promoter-driven firefly luciferase 
and control thymidine kinase promoter-driven renilla 
luciferase. Cells were harvested at 48 hr after transfection 
and promoter reporter activity was determined using the 
Dual-Luciferase Assay System (Promega) with a Lumat 
BL 9507 luminometer (Berthold technologies). Firefly 
luciferase activity of gene promoter was normalized to 
Renilla luciferase activity.

Immunoprecipitation and western blot analysis

Immunoprecipitation and Western blotting were 
performed as described previously [24]. Antibodies are 

described in Supplementary Table S3. Normal IgG (sc-
2017, Santa Cruz Biotechnology) or normal IgM (sc-
3881, Santa Cruz Biotechnology) was used as a negative 
control. Western blots were analyzed quantitatively using 
the ImageJ software (NIH).

Zymography

Equal amount of protein was loaded and proteins 
were separated by SDS-PAGE in 10% and 12% gels 
polymerized in the presence of gelatin or casein, 
respectively. Gels were washed for 20min in 2.5% Triton 
X-100 and incubated at 37°C for 24~48 hr in renaturing 
buffer consisting of 50 mM Tris-HCl (pH 7.5), 150 
mM NaCl and 10 mM CaCl2. Gels were stained in 1% 
Coomassie blue and destained to visualize bands of gelatin 
or casein substrate digestion. Zymography was analyzed 
quantitatively using the ImageJ software (NIH).

Immunocytochemistry

Cells were fixed for 15 min with 4% 
paraformaldehyde in PBS and permeabilized with PBST 
solution (0.5% Triton X-100 in PBS) for 30 min. After 
blocking of cells with 5% BSA in PBST solution for 1hr, 
cells were incubated with the anti-NF-κB p65 antibody 
(1: 250, ab7970, Abcam) overnight at 4°C. Antigens 
were detected with the secondary antibodies conjugated 
to TR (Sigma-Aldrich). Nuclei were identified using 
DAPI staining. Images were acquired with a confocal 
microscope (Leica TCS SPE).

Histology

For histological analysis, organs were excised from 
mice at 5 or 15 weeks after injection. Organs were fixed 
with 4% paraformaldehyde solution and embedded in 
paraffin. The sections were deparaffinized by xylene and 
rehydrated. Hematoxylin and eosin (DAKO) staining was 
performed.

Statistical analyses

All quantitative data are presented as mean ± S.E.M. 
The differences between three groups were evaluated by 
a paired t-test.
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Supplementary Figure S1: Gene expression of MMP in SFMBT2 knockdown LNCaP cells. After control or SFMBT2 
siRNA were transfected, LNCaP cells were subjected to RNA extraction (n=3). Transcripts of MMP-7, MMP-13, MMP-14, MMP-15, and 
GAPDH were determined by quantitative PCR. All data represent mean ± S.E.M.
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Supplementary Figure S2: SFMBT2-mediated cell migration and invasion in VCaP cells. A. After control or SFMBT2 
shRNA were transfected, VCaP cells were subjected to RNA extraction (n=3). Transcripts of SFMBT2, N-CoR, MMP-2, MMP-3, MMP-
9, MMP-26, KAI1 and GAPDH were determined by quantitative PCR. B. After control or SFMBT2 shRNA were transfected, VCaP cells 
were subjected to a cell migration assay using a modified Boyden chamber containing uncoated Transwell polycarbonate membrane filters 
(n=3). The migrated cells stained with cresyl violet were counted. C. After control or SFMBT2 shRNA were transfected, VCaP cells were 
subjected to a cell invasion assay using a Biocoat Matrigel invasion chambers (n=3). Invading cells on the membrane stained with cresyl 
violet were counted. All data represent mean ± S.E.M.



www.impactjournals.com/oncotarget/ Oncotarget, Supplementary Materials 2016

Supplementary Figure S3: Identification of YY1 and NF-κB p65 binding sites in the gene promoters by in silico 
bioinformatic analysis.
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Supplementary Figure S4: SFMBT2 and YY1 are not enriched at the MMP-2 and MMP-3 gene promoters in LNCaP 
cells. A ChIP assay was performed in LNCaP cells using anti-SFMBT2 and anti-YY1 antibodies, respectively (n=3). The occupancy of 
each protein was determined by quantitative PCR in MMP-2 and MMP-3 gene promoters encompassing the putative YY1 binding sites 
using oligonucleotide primers (arrows). ChIP using normal IgG was performed as a negative control. All data represent mean ± S.E.M.
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Supplementary Figure S5: No significant enrichment of SFMBT2, YY1, RNF2, N-CoR, HDAC1, HDAC3, H2AK119Ub, 
H3K9me2, and H4K20me2 on the GAPDH gene promoter in LNCaP cells. A ChIP assay was performed in LNCaP cells using 
anti-SFMBT2, anti-YY1, anti-RNF2, anti-N-CoR, anti-HDAC1, anti-HDAC3, anti-H2AK119Ub, anti-H3K9me2, and anti-H4K20me2 
antibodies, respectively (n=3). The occupancy of each protein was determined by quantitative PCR in the GAPDH gene promoter. ChIP 
using normal IgG or IgM was performed as a negative control (n=3). All data represent mean ± S.E.M.
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Supplementary Figure S6: SFMBT2 and YY1 are not enriched on the TAB2, p65, and p50 gene promoters in LNCaP 
cells. A ChIP assay was performed in LNCaP cells using anti-SFMBT2 and anti-YY1 antibodies, respectively (n=3). The occupancy of 
each protein was determined by quantitative PCR in the TAB2, p65, and p50 gene promoters encompassing the putative YY1 binding sites 
using oligonucleotide primers (arrows). ChIP using normal IgG was performed as a negative control. All data represent mean ± S.E.M.
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Supplementary Figure S7: YY1 is not enriched on the MMP-9, MMP-26, and N-CoR gene promoter in SFMBT2 
knockdown LNCaP cells. After control (shCont) or SFMBT2 shRNA (shSFMBT2) were transfected stably in LNCaP cells, A ChIP 
assay was performed using the anti-YY1 antibody (n=3). The occupancy of each protein was determined by quantitative PCR in MMP-9, 
MMP-26, and N-CoR gene promoters encompassing the YY1 binding site. ChIP using normal IgG was performed as a negative control. All 
data represent mean ± S.E.M. Significance values was *** P≤0.005.
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Supplementary Figure S8: In vivo imaging of liver and perputial gland tissue in (shCont)- or SFMBT2 shRNA 
(shSFMBT2)-GFP LNCaP cell-injected mice. LNCaP cells (1x106 cells) transfected stably with control (shCont)- or SFMBT2 
shRNA (shSFMBT2)-GFP were injected into the tail vein of nude mice. Representative photomicrographs show fluorescence in dissected 
liver and perputial gland at week 15 post injection. Scale bar; 1 cm.
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Supplementary Table S1: Oligonucleotide primers used for quantitative PCR in this study
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Supplementary Table S2: Oligonucleotide primers used for promoter cloning and mutation in this study
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Supplementary Table S3: Antibodies used in this study
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Supplementary Table S4: Oligonucleotide primers used for ChIP assay in this study
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Supplementary Table S5: Characteristics of prostate cancer patients in tissue array
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Supplementary Table S6: Expression level of SFMBT2 in normal and prostate cancer specimens that used in tissue 
array


