
1 
 

Supplementary Information for 

  
A Novel Function of YWHAZ/β-catenin Axis in Promoting 

Epithelial-Mesenchymal Transition and Lung Cancer Metastasis 

 

Ching-Hsien Chen, Show-Mei Chuang, Meng-Fang Yang, Jiunn-Wang Liao,  

Sung-Liang Yu, Jeremy J.W. Chen 



2 
 

Supplementary Data 

 

Figure S1 

YWHAZ expression promotes tumor growth. (A) Determination of YWHAZ expression 

levels in 8 cell lines. β-tubulin was used as a loading control. BEAS2B and HEK293 

cells: non-malignant human epithelial cell lines; CL1-0, CL1-5, A549 and H1299 cells: 

human NSCLC cell line; MCF-7 cells: human breast cancer cell line; HeLa cells: 

human cervical cancer cell line. (B) Analysis of YWHAZ expression in the single 
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clones constitutively expressed YWHAZ. CL1-0 cells were transfected with 

pEF6/V5-HisTOPO-YWHAZ construct and selected for the stable transfectants by 

blasticidin selection. Mock: vector only transfectant; YWHAZ #1, YWHAZ #2, and 

YWHAZ #3: single clone; YWHAZ #mix: mixed clone. Top, YWHAZ mRNA expression 

in transfectants, as measured by real-time RT-PCR. TBP was used as the internal 

control. Bottom, YWHAZ protein expression, as detected by Western blot. (C) 

Proliferation of YWHAZ-transfectants as detected by MTT assays (means ± SD, n=3, 

*P < 0.05 versus mock). (D) Colony formation of YWHAZ-transfectants as determined 

without soft agar assays (Left, means ± SD, n=4, *P < 0.0002 versus mock) and with 

soft agar assays (Right, n=3, **P < 0.006 versus mock). Colonies were stained and 

visualized microscopically. 
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Figure S2 

YWHAZ induces cell protrusion and branching formation. (A) The amount of cell 

branchings in mock or YWHAZ transfectant. (B) The branching number and 

protrusion ratio in cells expressing YWHAZ. The number of branches induced by 

YWHAZ protein was 1 to 2 per cell. * P <0.05, compared with mock control. P: 

protrusion ratio; B: branching number. 
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Figure S3 

Analysis of β-catenin stability in the mock and YWHAZ transfectants of CL1-0 cells. 

Mock control and transfectant (YWHAZ #mix) cells were treated with 10 ng/μl of 

cycloheximide (CHX) for 0, 4, and 8 hours, and then immediately harvested for 

immunoblotting analyses of β-catenin and V5-YWHAZ expression. β-tubulin served 

as a loading control. The mean results for densitometric scans of three blots from 

three independent experiments are shown in lower panel. Data represent as the mean 

± SD. 
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Figure S4 

YWHAZ overexpression reduces the interaction of β-catenin with Myc-tagged 

ubiquitin. The level of β-catenin ubiquitination was determined by exogenously 

expressing Myc-tagged ubiquitin in the transfectants followed by immunoprecipitation 

and immunoblotting using the indicated antibodies. 10 μg of cell lysates served as the 

input controls. The expression plasmid pcDNA3-Myc-ubiquitin was kindly provided by 

Dr. Tse-Ming Hong (National Cheng Kung University, Taiwan). 
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Figure S5 

Confirmation of the cytosolic interaction between YWHAZ and β-catenin. (A) 

Prediction of the putative 14-3-3 binding motif on β-catenin. Protein sequence of 

β-catenin was screened using ScanSite software for 14-3-3 binding motif Mode I 

(http://www.motifscan.mit.edu). Motif search showed the presence of YWHAZ binding 

motif at: T332, S552, and T685 of β-catenin protein. (B) Left, in vivo binding assay of 

exogenous YWHAZ and β-catenin, determined by immunoprecipitation of V5-tagged 

YWHAZ from cytosolic lysates. 15 μg of the lysates served as the input controls. Right, 

in vitro pull-down assay of the recombinant GST-tagged YWHAZ fusion protein and 

NP-40 soluble (cytosol) β-catenin from CL1-5 cell lysates. 15 μg of a CL1-5 cell lysate 

was used as an input control. 
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Figure S6 

Effects of endogenous β-catenin Ser552 phosphorylation on its interaction with 

endogenous YWHAZ. (A) Endogenous interaction between YWHAZ and 

phospho-β-catenin (Ser552) as determined by immunoprecipitation of YWHAZ from 

CL1-5 cell lysates. (B) CL1-5 cells were serum starved for 16 hours and stimulated 

with serum (FBS) for 2 hours. The interaction between Ser552 phosphorylation of 

β-catenin and YWHAZ was analyzed as described for (A). 20 μg of a cell lysate was 

used as an input control. 
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Table S1 

Summary of pathological incidence of lungs in mice by intravenous injection with 

YWHAZ-expressing cells or mock control. 

Organ Histopathological finding 

Group 

Mock YWHAZ #1 YWHAZ #3 

Lung     

 
Tumor cells grown in blood vessels 

with multiple necrosis  

0/61 4/6 2/6 

% Area of tumor growth in L1 (left) lung 0 40±16.6* 20.8±12.4 

 Area of tumor growth in R1 (right) lung 0 11.7±3.1* 13.3±2.15* 

 Area of tumor growth in R2 (right) lung 0 0 8.3± 8.5 

 Area of tumor growth in R3 (right) lung 0 38.3±11.6* 25±13.6 

1 Incidence: affected mice/ total examined mice.  

* Significant difference between mock and treated groups at P <0.05.
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Table S2 

Comparison of the incidence of tumorigenesis or metastasis between mock and YWHAZ transfectant in SCID mice by orthotopic 

lung implantation model. 

Orthotopic Implantation  

 

  

Cell line Primary tumor size (mm)    No. of metastatic lung tumors Metastasis to liver  

 Mean ± SD        P Mean ± SD        P    

CL1-0/Mock   (n=6) 0.63±0.25 0                             0/61 

CL1-0/YWHAZ (n=6) 4.87±1.28      0.0012  3.83±0.98       0.0036     3/61 

 
1Incidence: affected mice/ total examined mice.
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Supplementary Methods  

Reagents, antibodies and plasmid constructs 

Protein A-Sepharose beads and glutathione Sepharose were purchased from   

Amersham Biosciences (Piscataway, NJ). Dulbecco’s modified Eagle’s medium, fetal 

bovine serum and penicillin-streptomycin was purchased from Life Technologies Inc 

(Carlsbad, CA). Lipofect-AMINE™ and anti-V5 antibody were purchased from 

Invitrogen (Carlsbad, CA). Anti-TBP (N-12), anti-YWHAZ (C-16), and Alexa 

488–conjugated goat anti–mouse antibodies were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA). Anti-c-Myc (9E10) antibody was purchased from 

Roche Inc (Nutley, NJ). MG132 proteasome inhibitor, cycloheximide, 

TRITC-conjugated phalloidin, and anti-ubiquitin (6C1) antibody were purchased from 

Sigma (St Louis, MO). Anti-β-catenin (clone 14), anti-E-cadherin (clone 36), and 

anti-N-cadherin (clone 32) antibodies were purchased from BD Biosciences (San 

Jose, CA). Anti-vimentin (clone V9) antibody was purchased from Novocastra 

Laboratories Ltd. Anti-β-tubulin (AA2), and anti-α-tubulin (DM1A) were purchased 

from Upstate Biotechnology, Inc. (Lake Placid, NY). Anti-phospho-β-Catenin (Ser552) 

(D8E11) and anti-β-TrCP (D13F10) antibodies were purchased from Cell Signaling 

Technology, Inc (Danvers, MA). β-catenin siRNA (CTNNB1 siRNA Smartpool) was 

purchased from Dharmacon, Inc (Lafayette, CO). 

For identification and cloning of YWHAZ full-length cDNA, total RNA was isolated 

from CL1-5 cells using Trizol reagent (Life Technologies, Inc., Carlsbad, California). 

First-strand cDNA was reverse-transcribed with SuperScript II reverse transcriptase 

(Life Technologies, Inc., Carlsbad, California) and oligo-dT primer. The YWHAZ 

coding region was amplified by polymerase chain reaction (PCR) using the forward 

primer: 5’-GGGGTACCCATGGATAAAAATGAGCTGGTT-3’, which introduced a Kpn I 
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site, and the reverse primer: 5’-TCCCCCGGGATTTTCCCCTCCTTCTCCTGC-3’, 

which introduced an EcoRV site. The amplified product was cloned into pEF6/V5-His 

TOPO vector (Invitrogen Corp, Carlsbad, CA; pEF6/V5-HisTOPO-YWHAZ). The 

cDNA was then fully sequenced to ensure that no mutations were introduced during 

the PCR amplification. In addition, Myc-tagged YWHAZ was subcloned into the 

pCMV-Tag3B vector (Stratagene, La Jolla, CA). The full-length cDNA of CTNNB1 was 

constructed in-frame into pcDNA3.1 expression vector (Invitrogen, Carlsbad, CA) by 

using the forward primer: 5’-GGGGTACCCATGGCTACTCAAGCTGAT-3’ and the 

reverse primer: 5’-TCCCCCGGGCAGGTCAGTATCAAAC-3’. The S552A and S552D 

V5-tagged β-catenin were generated by site-directed mutagenesis and the mutagenic 

primers were following as: S552A, the forward primer: 

5'-GATACCCAGCGCCGTACGGCCATGGGTGGGACACAGC-3' and the reverse 

primer:  5’-GCTGTGTCCCACCCATGGCCGTACGGCGCTGGGTATC-3'. S552D, the 

forward primer: 5'-GGATACCCAGCGCCGTACGGACATGGGTGGGACACAGCAG-3' 

and the reverse primer: 

5'-CTGCTGTGTCCCACCCATGTCCGTACGGCGCTGGGTATCC-3'. The desired 

mutations were confirmed by DNA sequencing. 

Microarray analysis 

Human genomic DNAs from CL1-5 and CL1-0 cells were analyzed using array 

comparative genomic hybridization (CGH) containing 385,000 probes with a median 

distance of approximately 6000 bp (NimbleGen, Madison, WI) to determine copy 

number variations in dye-swap replicate experiments. DNA labeling, hybridization 

and signal normalization as well as data analysis were performed according to 

previously described protocols (1). Briefly, DNAs were fragmented, labeled with 

Cy3- or Cy5-9mers and hybridized with a MAUI Hybridization System (BioMicro 
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Systems, Salt Lake City, UT). All chips were scanned with a GenePix 4000B 

scanner (Molecular Devices Corp., Sunnyvale, CA). Data were extracted from 

scanned images and normalized using NimbleScan 2.0 extraction software 

(NimbleGen, Madison, WI). The log2 ratios were averaged with a fixed window size 

corresponding to 5, 10, 20 and 50 times the median probe spacing. The mean log2 

ratio of segments was considered significant if it was greater than 0.3 or less 

than –0.3 over any consecutive number of probes as previously described (2). 

For expression analysis, cDNA preparation and array hybridization were 

performed according to the Affymetrix GeneChip expression analysis technical 

manual. Briefly, 8 μg of total RNA was reverse-transcribed in the presence of a 

T7-(dT)24 primer (One-cycle cDNA Synthesis kit; Affymetrix, Santa Clara, CA). The 

cDNA product was purified and transcribed in vitro with biotin-labelled 

ribonucleotides (IVT Labeling Kit; Affymetrix, Santa Clara, CA). A portion of the 

biotinylated RNA was fragmented and hybridized overnight to the Human Genome 

U133 Plus 2.0 GeneChip (Affymetrix, Santa Clara, CA). The GeneChip was washed 

and developed by the amplification staining protocol provided by Affymetrix. The 

GeneChip was scanned using an Affymetrix GeneChip Scanner 3000 7G, and the 

images were extracted with Affymetrix GeneChip Operating Software (GCOS) 

version 1.4. All hybridization experiments were performed in triplicate with cRNA 

probes prepared from CL1-0 and CL1-5. Data were filtered by 5-fold changes under 

FDR protection (P < 0.05) using Genespring GX 11 (Silicon Genetics, Redwood City, 

CA). 

Cell proliferation and colony formation assay 

Cells were seeded onto 96-well plates and cultured for the indicated times. Cell 

proliferation was evaluated using the thiazolyl blue tetrazolium bromide (MTT) assay 
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according to the manufacturer’s protocol (Chemicon, Temecula, CA). Experiments 

were performed three times in triplicate. For the anchorage-dependent growth assay, 

200 cells were resuspended in DMEM medium and seeded in six-well plates. For 

the independent-growth assay, 6 × 103 cells were seeded and treated according to 

the procedures described previously (3). Triplicate samples were used in the 

experiment. 

In vivo tumorigenesis and metastasis 

Six-week-old NOD severe combined immunodeficiency (SCID) mice (supplied 

by the animal centre of the College of Medicine, National Taiwan University, Taipei, 

Taiwan) were housed four mice per cage and fed autoclaved food ad libitum. For in 

vivo tumorigenesis assay, the dorsal region of SCID mice was injected 

subcutaneously with 5 × 106 YWHAZ transfectants (YWHAZ #1 and YWHAZ #3) or 

mock control cells. Injected mice were housed for 32 days and examined every 5 

days for tumors. The lungs of the subcutaneously injected mice were removed, 

weighed and fixed in 10% formalin; the number of lung micrometastatic lesions was 

counted under a dissecting microscope. Embedded tissues were sliced into 4 μm 

sections, which were stained with hematoxylin-eosin or anti-human vimentin 

antibody for histological analysis. For the in vivo tail vein metastasis assay, a 

single-cell suspension containing 3 × 106 cells in 0.1 ml of PBS was injected into the 

lateral tail veins of 10 six-week-old NOD SCID mice. After 42 days, the mice were 

sacrificed, and the lungs were examined for metastasis. For orthotopic tumor 

implantation assays, mock control and YWHAZ mixed transfectants (2 × 104 cells in 

40 μl PBS containing 10 ng Matrigel) were inoculated into the left lungs of mice. The 

mice were sacrificed 50 days after implantation. The numbers of lung tumor colonies 

from both intravenously injected and orthotopic implanted mice were evaluated by 
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gross and microscopic examination. Mouse experiments were approved by the 

Institutional Animal Care and Use Committee of National Chung Hsing University. 

In vitro binding assay 

The glutathione S transferase (GST)-tagged YWHAZ fusion protein was 

expressed in bacteria and the cDNA from pEF6/V5-HisTOPO-YWHAZ was 

subcloned into the pGEX4T1 vector (Amersham Biosciences, Uppsala, Sweden; 

pGEX4T1-YWHAZ). For the in vitro binding assay, purified bacterial GST or 

GST-YWHAZ bound to glutathione Sepharose was incubated with CL1-5 cell 

lysates, washed and analyzed by immunoblotting. Coomassie Brilliant Blue R-250 

staining was used to confirm that equal amounts of GST or GST-YWHAZ loaded. 
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