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Supplemental data: 

Supplementary Materials and Methods 

Antibodies and reagents 

Antibodies against N-cadherin, β-catenin, Vimentin, Fibronectin (BD 

Biosciences), E-cadherin, Smad2/3, p-Smad2, Caspase-3, Cleaved 

Caspase-3 (Cell Signaling Technology), SOX4 (Santa Cruz), Occludin 

(Zymed Laboratories), Snail (Abcam), β-actin, α-SMA (Sigma) and Ras 

(Millipore) were used. Recombinant human TGFβ1, hEGF and hFGF 

proteins were purchased from R&D Systems. Insulin, B27 and horse serum 

were obtained from Gibico. Cholera toxin, hydrocortisone and TGFβRI 

inhibitor SB431542 were purchased from Sigma. 

Immunoblotting  

Cells were lysed in RIPA lysis buffer (50 mM Tris-HCl, pH 7.4, 150 mM 

NaCl, 1% sodium deoxycholate, 1% Triton X-100 and 0.1% SDS) 

containing a protease inhibitor cocktail tablet (Roche). Protein lysates were 

resolved by SDS-PAGE, transferred to PVDF membranes, detected with 

primary antibody overnight at 4℃, and then incubated with HRP-conjugated 

secondary antibodies. Western blots were visualized with ECL reagent (GE 

Healthcare). 
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Immunofluorescence 

Cells were seeded onto glass coverslips in 24-well plates, washed with PBS, 

fixed in 4% formaldehyde solution and permeabilized with 0.2% Triton 

X-100/PBS. Cells were blocked with 2% BSA in PBS for 30 min. Coverslips 

were incubated with primary antibodies for 1 h, followed by incubation with 

TRITC-conjugated secondary antibodies for 1 h, and then stained with DAPI. 

Finally, coverslips were observed under a fluorescence microscope. 

Plasmids, viral production and infection of target cells 

The ORF of human SOX4 gene was amplified by PCR using following 

primers (forward primer 5’-CCGGAATTCATGGTGCAGCAAACCAAC-3’ 

and reverse primer 5’-CCGGAATTCTCAGTAGGTGAAAACCAG-3’) 

from pCR3.1-SOX4 expression vector (a generous gift from Dr. Torben 

Ørntoft), and the amplified fragment was subcloned into the EcoRI site of 

the pBabe puro IRES-EGFP vector. The Sox4-EGFP fusion expression 

plasmid was constructed as follows. The mouse Sox4 ORF was amplified 

with following primers (forward primer 

5’-CCCAAGCTTATGGTACAACAGACCAACAA-3’ and reverse primer 

5’-CGCGGATCCGCGTAGGTGAAGACCAGGT-3’) from 

pcDNA6-mSox4 expression vector (a generous gift from Dr. James M. 

Wells), and subcloned into the HindIII/BamHI sites of pLEGFP-N1 vector. 
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The pMSCV-HRasV12-IRES-GFP construct was a generous gift from Dr. 

Patrick Humbert. The human SOX4 shRNA was cloned into pEN_hH1c, 

then transferred into destination vector pDSL_hpUGIP (ATCC) by 

LR-clonase (Invitrogen). An irrelevant shRNA oligo, which does not match 

any known human coding cDNA, was used as control. Targeting sequences 

of shRNA constructs are listed below.  

Targeting sequences of shRNA constructs: 

hSOX4 shRNA#1: 5'-AAGAAGGTGAAGCGCGTCTA-3' 

hSOX4 shRNA#2: 5'-TGGGCACATCAAGCGACCCAT-3' 

Retroviruses were generated according to a protocol described by 

Weinberg’s lab (Addgene), and were used to infect MCF10A and MDCK 

cells. In brief, one of the retroviral plasmid vectors (pBabe puro SOX4 

IRES-EGFP, pLEGFP-N1/Sox4 and pMSCV-HRasV12-IRES-GFP) and the 

packaging plasmids (pUMVC and pVSV-G) were co-transfected into the 

packaging cell line 293T. Viral supernatants were collected 48 h later, 

centrifuged to remove cell debris, filtered through 0.45-μm filters (Millipore) 

and concentrated using Amicon Ultra centrifugal filters (Millipore 100KD 

MWCO). The concentrated virus packaged with pBabe puro SOX4 

IRES-EGFP and pLEGFP-N1/Sox4 was separately used to infect MCF10A 

and MDCK. Stable cell lines were selected with 2 μg/ml puromycin and 1 



 4

mg/ml G418. Cooperation assays were performed by sequential infections 

using the concentrated virus packaged with pMSCV-HRasV12-IRES-GFP in 

Vector-MCF10A or SOX4-MCF10A cells. 

Lentiviruses were produced according to a protocol described by 

Invitrogen and were used to infect MDA-MB-231 and BT549 cells. Briefly, 

lentiviruses were produced by co-transfecting 293T cells with one of the 

expression plasmids and packaging plasmids (psPAX2 and pMD2.G). Viral 

supernatants were collected 48 h later, centrifuged to remove cell debris, 

filtered through 0.45-μm filters (Millipore) and concentrated using Amicon 

Ultra centrifugal filters (Millipore 100KD MWCO). MDA-MB-231 and 

BT549 cells were transduced with the lentivirus containing SOX4 shRNA.  

Transwell migration and invasion assays 

In vitro cell migration and invasion assays were performed using transwell 

chambers with polyethylene terephthalate membrane (24-well inserts, 8.0 

μm; Corning). For the migration assay, 2.5 × 104 cells were added to the top 

chambers. For the invasion assay, 5 × 104 cells were seeded into the top 

chamber coated with Matrigel (BD Biosciences). Complete medium was 

added to the bottom wells to stimulate migration or invasion. After cells 

were incubated for 24-48 h, they were stained with 0.1% Crystal Violet. Five 

fields per filter were counted using Image J software. 
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Luciferase reporter assays 

The E-cadherin (-357 to +135) promoter construct was kindly provided by 

Dr. Ji-Hshiung Chen. Snail (-1079 to -80) and ZEB1 (-1080 to -81) promoter 

construct was a gift from Dr. Daniel A. Haber. Cells were plated in 12-well 

plates at a density of 1 × 105 cells/well. After 24 h, cells were co-transfected 

with 500 ng of the indicated firefly luciferase reporter plasmid and 100 ng of 

Renilla luciferase normalization control plasmid using Lipofectamine™ 

2000 (Invitrogen) transfection reagent. After 48 h of transfection, cell lysates 

were collected to measure luciferase activity using the Dual-Luciferase 

Reporter Assay System (Promega) according to the manufacturer's 

instructions. 

Cell proliferation assays 

Cell growth rates were assessed by the MTT assay. Cells were seeded onto 

96-well plates in triplicate. After incubation for indicated time, 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide solution was 

added to each well and incubated for 4 h at 37 °C before removal of the 

culture medium. DMSO was then added and shaken for 30 min at room 

temperature. Cell viability was determined by measuring the absorbance at 

490 nm. The experiments were performed at least three times. 

RT-PCR and real-time PCR 
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Total RNA was extracted using Trizol reagent (TaKaRa, Dalian, China), 

according to the manufacturer’s instructions. RT-PCR was performed using 

the Access RT-PCR System from Promega. Real-time PCR was done using 

SYBR Green Realtime PCR Master Mix (TOYOBO, Osaka, Japan) on a 

LightCycler 480 Real Time PCR system (Roche). GAPDH was used as an 

internal control in all the experiments. The sequences of PCR primers are 

listed as follows: 

hSOX4: forward, 5'-CTGCGCCTCAAGCACATG-3’; reverse, 

5'-TTCTTCCTGGGCCGGTACT-3’. 

hE-cadherin: forward, 5’-GACAACAAGCCCGAATT-3’; reverse, 

5’-GGAAACTCTCTCGGTCCA-3’. 

hN-cadherin: forward, 5’-CGGGTAATCCTCCCAAATCA-3’; reverse, 

5’-CTTTATCCCGGCGTTTCATC-3’. 

hVimentin: forward, 5’-GAGAACTTTGCCGTTGAAGC-3’; reverse, 

5’-GCTTCCTGTAGGTGGCAATC-3’. 

hFN1: forward, 5’-CAGTGGGAGACCTCGAGAAG-3’; reverse, 

5’-TCCCTCGGAACATCAGAAAC-3’. 

hSnail1: forward, 5’-GCAAATACTGCAACAAGG-3’; reverse, 

5’-GCACTGGTACTTCTTGACA -3’. 
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hFOXC2: forward, 5'-AAAGAAGGACGTGTCCAAGG-3’; reverse, 

5'-TGATCACCACCTTCTTCTCG-3’. 

hGSC: forward, 5'-TCTCAACCAGCTGCACTGTC-3’; reverse, 

5'-GGCGGTTCTTAAACCAGACC-3’. 

hSIX1: forward, 5'-ACAATCCCTACCCATCGC-3’; reverse, 

5'-GCAGCAGAAGGACCGAGT-3’. 

hTwist1: forward, 5’-GGAGTCCGCAGTCTTACGAG-3’; reverse, 

5’-TCTGGAGGACCTGGTAGAGG -3’. 

HOXB7: forward, 5'-CCAGCCTCAAGTTCGGTTTTC-3’; reverse, 

5'-CCCGAACCCGCTCCATAG-3’. 

hZEB1: forward, 5'-TGCACTGAGTGTGGAAAAGC-3'; reverse, 

5'-TGGTGATGCTGAAAGAGACG-3'. 

hZEB2: forward, 5'-CGCTTGACATCACTGAAGGA-3’; reverse, 

5'-CTTGCCACACTCTGTGCATT-3'. 

TGFβ1: forward, 5’-CCAACTATTGCTTCAGCTCCA-3’; reverse, 

5'-TTATGCTGGTTGTACAGGG-3’. 

TGFβ2: forward, 5'-CTGATCCTGCATCTGGTCACG-3’; reverse, 

5'-TGGGGGACTGGTGAGCTTC-3’. 
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hGAPDH: forward, 5'-ATGACCCCTTCATTGACCTCA-3’; reverse, 

5'-GAGATGATGACCCTTTTGGCT-3’. 

D-CDH1: forward, 5’-AAAACCCACAGCCTCATGTC-3’; reverse, 

5’-TCTAGGGTGGTCACCTGGTC-3’. 

D-VIM: forward, 5’-GCCTCCAGGATGAGATTCAG-3’; reverse, 

5’-GAAGAGGCAGAGCAATCCTG-3’. 

D-FN1: forward, 5’-CAGGATGGACATCTGTGGTG-3’; reverse, 

5’-GTTGTCTCTCCTGCCCTCAG-3’. 

D-CDH2: forward, 5’-CCCAAGACAAGCGACTAAGC-3’; reverse, 

5’-TGACAGCTGACCTGAGATGG-3’. 

D-GAPDH: forward, 5'-AACATCATCCCTGCTTCCAC-3’; reverse, 

5'-AGACCACCTGGTCCTCAGTG-3.’ 

mSox4: forward, 5'-GTCCCTGGGCAGTTTCAGC-3’; reverse, 

5’-CGGGAATTCGAAGTGGGAG-3’. 

mGAPDH: forward, 5'-ACTAACATCAAATGGGGTGAGG-3’; reverse, 

5'-AAAGTTGTCATGGATGACCTTG-3’. 
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Supplementary Figure Legends 

 

Figure S1. The SOX4 mRNA level in MCF10A cells. The SOX4 mRNA 

level was quantified by real-time PCR (***p<0.001, compared to the 

control). 

 

Figure S2. Induction of SOX4 by other EMT-inducers. (A) The 

morphology of MCF10A cells expressing either the empty vector, Snail or 

Twist was observed by phase-contrast microscopy. Scale bar =100μm. (B) 

Expression of SOX4 mRNA in MCF10A cells ectopically expressing either 

empty vector or the indicated EMT-inducing genes was assessed by 

real-time PCR. 

 

Figure S3. Overexpression of SOX4 induced EMT in MDCK cells. (A) 

Phase contrast images showing the morphologic change of MDCK cells 

overexpressing GFP-tagged SOX4. Scale bar =100μm. (B) Immunoblotting 

analysis of expression of SOX4, GFP and EMT markers. (C) The levels of 

E-cadherin (CDH1), Vimentin (Vim), Fibronectin (FN1) and N-cadherin 

(CDH2) mRNA expression in MDCK cells were measured by RT-PCR (Left) 
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and real-time PCR (Right). (D) MDCK cells expressing either the empty 

vector (Left) or SOX4 (Right) were immunostained with antibodies 

recognizing E-cadherin, Vimentin (Upper), or Occludin and Fibronectin 

(Lower). The antibody staining was in red, and DAPI nuclear staining was in 

blue. Scale bar =50 μm. (E) Migration assay of MDCK cells expressing 

either the SOX4 or control vector. The mean was derived from cell counts of 

five fields, and each experiment was repeated at least three times. 

 

Figure S4. SOX4 indirectly regulated E-cadherin transcription (A) 293T 

cells were transiently co-transfected with 1 μg of SOX4 expression construct 

or 1 μg of pcDNA3, together with E-cadherin promoters. Relative luciferase 

activity is shown. Error bars represent mean ± SD of triplicate experiments. 

(B) 293T cells were transiently co-transfected with the indicated amounts of 

SOX4 expression vectors (1 μg of the empty vector was used in column 1) 

and ZEB1 promoter reporter. Relative luciferase activity is shown. Error 

bars represent mean ± SD of triplicate experiments. (C) 293T cells were 

transiently co-transfected with 1 μg of SOX4 expression construct or 1 μg of 

pcDNA3, together with Snail1 promoter. Relative luciferase activity is 

shown. Error bars represent mean ± SD of triplicate experiments. 

 



 11

Figure S5. Silencing of SOX4 in MDA-MB-231 and BT549 cells 

inhibited their invasive ability. (A and B) Immunoblotting of SOX4 and 

Vimentin after SOX4 silencing in MDA-MB-231 (Left) and BT549 (Right) 

cells. (C and D) Invasion assay of MDA-MB-231 (left) and BT549 (right) 

cells upon shRNA transfection. The mean was derived from cell counts of 

five fields, and each experiment was repeated at least three times 

(***p<0.001, compared to the control). (E and F) Proliferation of 

MDA-MB-231 cells (Left) and BT549 cells (Right) expressing control, 

shSOX4#1 and shSOX4#2 were measured using MTT assays. (G) 

Immunoblotting of Caspase-3 and Cleaved-caspase-3 after SOX4 silencing 

in MDA-MB-231 and BT549 cells. (H) Phase contrast images of the 

morphology of MDA-MB-231 and BT549 with non-target vector, 

shSOX4#1 and shSOX4#2. Scale bar =100μm. 

 

Figure S6. SOX4 alone was unable to induce tumor formation. (A) 

MCF10A cells expressing SOX4 or vector (5 × 106) were subcutaneously 

injected into BALB/c female nude mice (n=5 for each experimental group). 

(B) Immunoblotting for SOX4, Ras and Snail proteins in MCF10A cells. (C) 

Proliferation of MCF10A cells expressing vector, SOX4, Ras and SOX4 + 

Ras were measured using MTT assays. 
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Figure S7. Silencing of SOX4 reversed the EMTs in SOX4-expression 

MCF10A cells. (A) Immunoblotting of E-cadherin and N-cadherin after 

SOX4 silencing in SOX4-expression MCF10A. (B) Phase contrast images of 

the morphology of SOX4-expression MCF10A cells with non-target vector 

and shSOX4#2. Scale bar =100μm. 

 

Figure S8. Relative SOX4 mRNA expression levels in NMuMG cells 

treated with activated TGF-β1 at indicated time and concentrations. 

Error bars represent mean ± SD of triplicate assays. 

 


