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Supplemental Material and Methods 

Immunoblotting. Cells were lysed using ice-cold RIPA buffer (Sigma Aldrich, USA), and protein was 

quantified using Braford Assay (Bio-Rad Laboratories, California, USA). Protein extracts were resolved 

by SDS–PAGE and electrotransferred onto nitrocellulose membranes (Merck & Co., New Jersey, USA). 

The membranes were blocked in 1X Odyssey Blocking buffer (LI-COR Biosciences, Nebraska, USA) 

for 1 h at room temperature. The membranes were then incubated with the respective primary 

antibodies in 1X Odyssey Blocking buffer (Table S4) overnight at 4°C. Membranes were washed three 

times with TBST (1 X TBS, 50 mM Tris-HCl, pH 7.6, 150 mM NaCl, 0.01% Tween-20) and further 

incubated with the respective IRDye® 680-conjugated or 800-conjugated anti-IgG secondary antibodies 

(LI-COR Biosciences USA) in 1 X Odyssey Blocking Buffer for 1 h at room temperature. Next, the 

membranes were washed with TBST with 0.01% SDS before analysis using an ODYSSEY CLx Infrared 

Imaging system (LI-COR Biosciences, USA). 

 

Immunoprecipitation. Cells were lysed using ice-cold RIPA buffer (Sigma Aldrich, USA). The lysate was 

then incubated with anti-14-3-3γ antibodies (Abcam, UK) overnight at 4°C with constant rotation. Anti-

14-3-3γ antibodies were then affinity precipitated using protein A/G beads (Santa Cruz, California, 

USA). The cell pellet was washed three times with PBS before resuspension in Lamelli’s buffer (Bio-

Rad Laboratories, USA). Proteins were released by boiling the samples for 10 min. Immunoblotting 

analyses were carried out as mentioned above, and the antibodies used are described in Table S4. 

 

siRNA knockdown. SMARTpool ON-TARGETplus™ siRNA, which consists of a mixture of four siRNAs 

targeting YWHAG, YWHAE and YWHAH, was purchased from Dharmacon (Thermo Fisher Scientific, 

USA). Cancer cells were seeded in 96-well plates at a concentration of 300 cells/well prior to siRNA 

transfection with Lipofectamine 2000 (Invitrogen, Massachusetts, USA) according to the manufacturer’s 

instructions. The siRNA-treated cells were incubated for 8 h at 37°C before the medium was replaced 

with complete medium for an hour and further incubated in the respective medium for 48 h. 

 

RNA extraction and real-time PCR. Total RNA was extracted using TRIzol® Reagent (Thermo Fisher 

Scientific, USA) followed by Pure NA. Fastspin Total RNA Extraction Kit (Research Instruments, USA) 

according to the manufacturer’s protocol. Total RNA was quantified based on the A260/280 absorbance 
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using a Nanodrop ND1000 (Thermo Fisher Scientific, USA). Total RNA was treated with DNaseI 

(Thermo Fisher Scientific, USA) and reverse transcribed using qScript cDNA SuperMix (Quantabio, 

Massachusetts, USA) according to the manufacturer’s instructions. Quantitative PCR (qPCR) was 

performed in triplicate using the KAPA SYBR FAST qPCR master mix (Kapa Biosystems, 

Massachusetts, USA) and the C1000 Thermal Cycler with CFX96 Real-Time System module (Bio-Rad 

Laboratories, USA). Human and mouse primer sequences are listed in Table S5. Please refer to 

Supporting File 2 for the MIQE checklist for the reporting of our qPCR experiments. 

 

FACS Apoptosis Assay. Cells were detached from the plates before washing with ice-cold 1x PBS twice 

followed by resuspension in 1x binding buffer (BD Biosciences, USA). The cells were stained 

concurrently with 5 µL of fluorescein isothiocyanate (FITC) Annexin (BD Biosciences) and 5 µL of 

propidium iodide (PI) (BD Biosciences, USA) for 15 minutes at room temperature. The cells were 

washed again with ice-cold 1x PBS before resuspending in 400 µL of 1x binding buffer. Flow cytometry 

was performed using BD Accuri C6 Plus, and analysis was performed using FlowJo X software. 

 

RNA sequencing and bioinformatic analysis. mRNA was sequenced using NovaSeq6000 (Illumina, 

California, USA) to yield 150-bp paired-end reads. All data were uploaded via puTTy and Filezilla onto 

the National Supercomputing Centre Singapore (NSCC) (Singapore, Singapore) and subsequently 

processed. FASTQC (v.0.11.8) was used to assess the read quality. Low-quality reads were trimmed 

with Trimmomatic (V.0.38). BBmap (BBmap v38.42) and Hisat2 (v2.1.0) were used for read alignment 

to the GRCh38 human genome. FeatureCounts (v.1.6.3) [1] was used to generate the gene counts. 

DESeq2 was used to analyse the differential gene expression between the control and treatment 

groups. Principal component analysis (PCA) was used to visualize the clustering pattern of the datasets. 

Metabolic genes were retrieved from Gene Ontology, EMT genes were obtained from EMTome, and 

autophagy genes were obtained from the Human Autophagy Database (HADb). VISEAGO was used 

to identify and group genes by their biological processes [2]. The YWHAG-EMT interactome was 

constructed using the functional enrichment outputs according to a published method [3]. The 

sequencing data of MKN74 cells with EMT induction have been deposited in the GEO database 

(GSE204929). Ingenuity Pathway Analysis (IPA) software (Qiagen, Germany) was employed to carry 
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out the analysis of pathways and map downstream signalling molecules and possible interactions 

between 14-3-3γ and proteins involved both directly and indirectly in autophagy [4]. 

 

Cytoscape analysis. ClueGo is a plug-in on Cytoscape that combines gene ontology terms and Kyoto 

Encyclopaedia of Genes and Genomes (KEGG) pathways to allow for an integrated network analysis 

[5]. ClueGo was employed in this study to cluster the 14-3-3 interactomes isolated from BioPlex into 

their respective ontology terms. CytoHubba was utilized to compute the maximal clique centrality (MCC) 

scores and rank the nodes in the different networks obtained during meta-analysis [6]. Genes with the 

top 5 highest MCC scores were identified as the hub genes in the EMT interactome.    

 

Databases. Four datasets consisting of different EMT induction methods were retrieved from the Gene 

Expression Omnibus (GEO) repository. Out of the four datasets obtained, one used TGF-β1 on PANC-

1 and A549 (GSE90566), another one induced hypoxia in PANC-1 with CoCl2 (GSE82104) and two 

overexpressed Zeb1 in H538 (GSE75487) and Zeb2 in DLD-1 (GSE148823). 

The Human Autophagy Database (HADb), which is the first Human Autophagy-dedicated Database 

with information about the human genes involved in autophagy, was used to retrieve a complete and 

up-to-date list of human proteins involved both directly and indirectly in autophagy as described in the 

literature. 

EMTome is a database that integrates profiles across multiple subtypes of cancers and was selected 

from The Cancer Genome Atlas (TCGA), which comprises the gene signatures, multiomics features, 

immune profiles and interactomes of EMT [7]. EMTome was examined to determine the gene signatures 

involved in EMT and subsequently aided in the analysis for RNA-Seq and meta-analysis. 

BioPlex is a database that was used to predict protein‒protein interactions of 14-3-3 and the other 

EMT and autophagic proteins in cancer cells by utilizing datasets from collaboration between Harvard 

Medical School and Biogen [8]. Predicted proteins obtained from the BioPlex interactome were used to 

unravel the interactome of 14-3-3 during EMT in cancer cells. 

 

ANIA: Annotation and Integrated Analysis of the 14-3-3 interactome. ANIA was used to examine the 

possible human 14-3-3-binding phosphoproteins and phosphosites by utilizing datasets from studies 

that examined the phosphoproteins binding to 14-3-3 as well as high-throughput 14-3-3 affinity capture 
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together with mass spectrometry-based studies in identifying potential targets [9]. Proteins involved 

directly and indirectly in autophagy were used to examine their possible interactions with 14-3-3 by 

immunoprecipitation. 

 

Survival Outcome Analytics using Clinical Databases. To assess the clinical relevance of YWHAG 

levels on patient survival, we interrogated four cancer cohort databases. First, by using The Cancer 

Genome Atlas Pan-Cancer Clinical Data Resource (TCGA-CDR) and Gene Expression database of 

Normal and Tumor tissues 2 (GENT2), YWHAG expression was examined in deposited tumor tissues 

as well as in cognate normal tissues. Next, we stratified the cancer patients into high and low YWHAG-

expressing tumors. In the PrognoScan database [10], cohort studies that reported overall, distant 

metastasis-free, disease-specific and relapse-free survival and had significantly corrected P values 

were examined. The Prediction of Clinical Outcomes from Genomic Profiles (PRECOG) [11] evaluates 

the expression of 23,287 genes across 39 cancer types and clinical outcome data from 166 published 

expression datasets covering 18,000 tumors, thus extensively studying the associations between 

genomic profiles and cancer outcomes. 

 

Human tumor biopsies. Human frozen tissue biopsies from the head and neck, breast, stomach and 

colon were purchased from Proteogenex (Proteogenex, California, USA) (Table S6). 
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Table S1. Patients with high YWHAG-expressing cancers (TCGA database) have a shorter 

median survival time 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

# Median survival cannot be determined because it did not reach 50% survival probability. 

The number of patients is indicated in parentheses. 

Tumor types with <200 cancer patients were underpowered and not included in the analysis. 

  

 Median Survival (months) 

 
Low-YWHAG High-YWHAG 

BLCA 47.43 (184) 31.63 (220) 

BRCA 142.23 (283) 124.53 (806) 

CECS 40.33 (227) 17.43 (77) 

COAD # (115) 92.14 (222) 

HNSC 58.73 (363) 31.37 (136) 

KIRC 118.47 (393) 70.17 (137) 

KIRP 89.47 (125) 48.93 (162) 

LGG 145.05 (168) 73.48 (336) 

LIHC 70.53 (128) 52 (242) 

LUAD 55.1 (336) 32.9 (168) 

PRAD # (245) 113.98 (243) 

SARC 82.13 (68) 65.1 (191) 

SKMC 103.26(229) 65.88 (229) 

STAD 43.13 (277) 22.5 (94) 

UCEC 108.37 (236) 37.57 (306) 

LUSC 54.67 (333) 55.2 (162) 

OV 45.17(123) 43.97(250) 
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Table S2. Ten cohorts from the PrognoScan database showed that high YWHAG expression was associated with poor prognosis. 

 

Ten cohort studies covering various types of cancers and end points from the PrognoScan database illustrated the hazard ratio of cancer-specific events. 
Observations demonstrated that high YWHAG expression is correlated with poorer prognosis in patients. HR, hazard ratio; CI, confidence interval. 

 

DATASET CANCER TYPE ENDPOINT COHORT N CORRECTED  
P-VALUE 

ln(HR-
high/HR-
low) 

COX  
P-VALUE 

ln(HR) HR  
[95% CI-low CI-upp] 

GSE31210 Lung cancer Relapse Free Survival NCCRI 204 1.71E-05 1.314 7.26E-07 4.061 58.02 [11.64 - 289.26] 

    Overall Survival NCCRI 204 1.12E-03 1.522 5.94E-04 3.699 40.40 [4.89 - 333.62] 

GSE16581 Brain cancer Overall Survival UCLA 67 8.80E-05 2.538 1.88E-02 3.854 47.17 [1.89 - 1176.18] 

GSE12276 Breast cancer Relapse Free Survival EMC 204 2.46E-04 0.650 1.18E-03 1.041 2.83 [1.51 - 5.31] 

GSE1456-
GPL97 

Breast cancer Relapse Free Survival Stockholm (1994-
1996) 

159 3.34E-03 1.182 1.09E-03 1.463 4.32 [1.80 - 10.40] 

    Disease Specific Survival Stockholm (1994-
1996) 

159 9.45E-03 1.391 3.91E-03 1.544 4.68 [1.64 - 13.37] 

    Overall Survival Stockholm (1994-
1996) 

159 0.048 1.110 0.057 0.868 2.38 [0.97 - 5.83] 

GSE9893 Breast cancer Overall Survival Montpellier, 
Bordeaux, 
Turin (1989-2001) 

155 0.012 0.998 0.011 0.228 1.26 [1.05 - 1.50] 

GSE9195 Breast cancer Distant Metastasis Free 
Survival 

GUYT2 77 0.017 2.221 0.047 1.367 3.92 [1.02 - 15.14] 

    Relapse Free Survival GUYT2 77 0.036 2.060 0.084 1.101 3.01 [0.86 - 10.47] 

GSE19234 Skin cancer Overall Survival NYU 38 0.020 1.636 0.012 2.111 8.26 [1.59 - 42.85] 

GSE6532-
GPL570 

Breast cancer Distant Metastasis Free 
Survival, 
Relapse Free Survival 

GUYT 87 0.027 1.232 0.267 0.685 1.98 [0.59 - 6.65] 

GSE4922-
GPL97 

Breast cancer Disease Free Survival Uppsala (1987-
1989) 

249 0.029 0.694 0.036 0.825 2.28 [1.05 - 4.94] 

GSE17536 Colorectal 
cancer 

Overall Survival MCC 177 0.041 2.471 0.076 0.875 2.40 [0.91 - 6.30] 
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Table S3. Global unweighted meta-Z score of all cancers from the PRECOG database 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The PRECOG database encompasses 166 cancer expression datasets, including overall survival data 

for ~18,000 patients diagnosed with 39 distinct malignancies. 

 

  

Gene Z score 

YWHAZ 4.16 

YWHAG 4.13 

YWHAQ 2.68 

YWHAS 2.38 

YWHAB 2.31 

YWHAE 1.71 

YWHAH 0.76 

AKT1 2.55 

SRC 1.95 

MDM2 1.79 

MYC 1.76 

EGFR 1.71 
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Table S4. Antibodies used for immunoblotting, immunoprecipitation and immunofluorescence. 

Antibodies Species Vendor Catalog Number 

14-3-3ε Rabbit Cell Signaling Technology 9635S 

14-3-3η Rabbit Cell Signaling Technology 5521S 

14-3-3α/β Rabbit Cell Signaling Technology 9636S 

14-3-3ζ/δ Rabbit Cell Signaling Technology 7413S 

14-3-3τ Rabbit Cell Signaling Technology 9638S 

E-Cadherin ® Rabbit Cell Signaling Technology 3195S 

E-Cadherin Mouse Cell Signaling Technology 14472 

Vimentin ® Rabbit Cell Signaling Technology 5741S 

N-Cadherin Mouse Cell Signaling Technology 14215S 

NOX4 Rabbit Cell Signaling Technology 14215S 

Snai1 Rabbit Cell Signaling Technology 3879S 

Twist Rabbit Cell Signaling Technology 69366S 

14-3-3γ Rabbit Abcam Ab237732 

GPX1 Rabbit Abcam Ab22604 

NRF2 Rabbit Abclonal A2201 

ATG5 Rabbit Novus Biologicals NB110-53818 

Beclin Rabbit Invitrogen MA5-15825 

LC3A/B Rabbit MBL M152-3 

ULK1 (D8H5) Rabbit Cell Signaling Technology 8054S 

FIP200 Rabbit Cell Signaling Technology 12436S 

Tubulin Mouse DHSB E7 

IgG Rabbit Proteintech 30000-0-AP 

Alexa FluorTM 488 Goat Thermo Scientific A21042 

Alex FluorTM 594 Goat Thermo Scientific A32740 

IRDye® 680RD AntiMouse IgG (H+L) Goat LI-COR Biosciences LIC-92568070 

IRDye® 680RD AntiRabbit IgG (H+L) Goat LI-COR Biosciences LIC-92568071 

IRDye® 800RD AntiMouse IgG (H+L) Goat LI-COR Biosciences LIC-92632210 

IRDye® 800RD AntiRabbit IgG (H+L) Goat LI-COR Biosciences LIC92532211 
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Table S5. List of qPCR Primers. 

Primers 
(Human) 

Accession 
number 

Forward Primer 
Sequence (5’ to 3’) 

Reverse Primer 
Sequence (5’ to 3’) 

Amplicon 
length (bp) 

18S 
NR_146119.1 GTAACCCGTTGAACCCCATT

  
CCATCCAATCGGTAGTAGCG 

151 

ATG5 
NM_004849.4 TCTGCACTGTCCATCTAAGG

ATG 

TCCGATTGATGGCCCAAAAC

TGG  

176 

BECN1 
NM_003766.5 CTGGACACGAGTTTCAAGAT

CCT 

TGTGGTAAGTAATGGAGCTG

TGAGTT 

69 

CDH1 NM_004360.3 CCCACCACGTACAAGGGTC  CTGGGGTATTGGGGGCATC  94 

CDH2 NM_001792.5 TGTGCATGAAGGACAGCCTC CTGCCACTTGCCACTTTTCC 212 

GPX1 
NM_201397.3 

TCTGTTGCTCGTAGCTGCTG 
CTATGAGTCACCGGGATTTT

G 

77 

GPX2 
NM_002083.4 

GAGCTGCAATGCCGCTTTCC 
TGGACAAGGGTGAAGGTGGG

C 

155 

MAP1LC3
B 

NM_022818.5 AGCAGCATCCAACCAAAATC

  

CTGTGTCCGTTCACCAACAG

  

187 

NOX1 
NM_007052.5 

CTGCTTCCTGTGTGTCGCAA 
AGGCAGATCATATAGGCCAC

C 

128 

NOX2 NM_000397.4 ACATTCAACCTCTGCCACCA CCCCAGCCAAACCAGAAT 79 

NOX4 NM_016931.5 GGGCCGGCGGCATGGCTGT CGGCACATGGGTAAAAGGAT 241 

NQO1 
NM_000903.3 GAAGAGCACTGATCGTACTG

GC 

GGATACTGAAAGTTCGCAGG

G 

196 

NRF2 
NM_006164.5 

ACACGGTCCACAGCTCATC 
TGCCTCCAAAGTATGTCAAT

CA 

96 

SNAI1 
NM_005985.4 GCCTTCAACTGCAAATACTG

C  

CTTCTTGACATCTGAGTGGG

TC  

249 

SQSTM1 
NM_003900.5 

AGGCGCACTACCGCGAT  
CGTCACTGGAAAAGGCAACC

  

51 

TBP 

NM_00117208
5 
 

GTGGGGAGCTGTGATGTGAA

  

GGGAGGCAAGGGTACATGAG

  

271 

VIM 
NM_003380.5 TGGTCTAACGGTTTCCCCTA

  
GACCTCGGAGCGAGAGTG  

86 

YWHAB 
NM_003404.5 GGCAAAGAGTACCGTGAGAA

G  

CTGGTTGTGTAGCATTGGGA

ATA  

103 

YWHAE 
NM_006761.5 GATTCGGGAATATCGGCAAA

TGG 

GCTGGAATGAGGTGTTTGTC

C  

90 

YWHAG 
NM_012479.4 AGCCACTGTCGAATGAGGAA

C  

CTGCTCAATGCTACTTGATG

ACC  

101 

YWHAH 
NM_003405.4 TGGCTGATGGAAACGAAAAG

AA 

CCTCTGCTAAGTAGGCGGTA

GT  

199 

YWHAQ 
NM_006826.4 AGGGTCATCTCTAGCATCGA

G  

CCACTTTCTCCCGATTAGTC

CTT  

83 

YWHAZ 
NM_003406.4 CCTGCATGAAGTCTGTAACT

GAG 

GACCTACGGGCTCCCTACAA

CA  

101 

ZEB1 
NM_00112812

8.3 

GCCAACAGACCAGACAGTGT

T  

TCTTGCCCTTCCTTTCCTGT

G 

96 

Primers 
(Mouse) 

Accession 
number 

Forward Primer 
Sequence (5’ to 3’) 

Reverse Primer 
Sequence (5’ to 3’) 

Amplicon 
length (bp) 

18s 
NR_003278.3 GTAACCCGTTGAACCCCATT

  

CCATCCAATCGGTAGTAGGG

  

151 

Atg5 
NM_053069.6 TGTGCTTCGAGATGTGTGGT

T  

GTCAAATAGCTGACTCTTGG

CAA  
120 

Becn1 
NM_019584.4 ATGGAGGGGTCTAAGGCGTC

  

TCCTCTCCTGAGTTAGCCTC

T  

197 
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Map1lc3b 
NM_026160.5 TTATAGAGCGATACAAGGGG

GAG 

CGCCGTCTGATTATCTTGAT

GAG  

109 

Sqstm1 
NM_011018.3 AGGATGGGGACTTGGTTGC

  

TCACAGATCACATTGGGGTG

C  
178 

Ywhag NM_018871.3 GTGACCGAGCTGAACGAAC GATGCTGCTGATGACCCTCC 111 

 

  



Page 12 of 35 

 

Table S6: Clinical information of human tumor biopsies. 

Sample 
source 

Sex  Age Diagnosis Histological 
diagnosis 

Grade TNM Stage 

Stomach M 64 Primary Adenocarcinoma G2 T2N0M0 IB 

Stomach M 58 Primary Adenocarcinoma G3 T3N2M0 IIIA 

Colon M 66 Primary Adenocarcinoma G1 T2N0M0 I 

Colon M 80 Primary Adenocarcinoma G1 T3N1M0 IIIB 

Colon to 
lung 

F 42 Metastases Adenocarcinoma N/A Recurrent M 

Breast F 51 Primary Infiltrating ductal 
carcinoma 

G2 T1cN0M0 I 

Breast to 
ovary 

F 59 Metastases Infiltrating ductal 
carcinoma 

N/A Recurrent M 

Head & 
Neck 

M 58 Primary Squamous cell 
carcinoma 

G1 T2N0M0 I 

Head & 
Neck 

M 64 Primary Squamous cell 
carcinoma 

G2 T2N1M0 III 
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Supplementary Figure Legends 
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Figure S1. Correlation of YWHAG and HSP90AA1 expression in 21 TCGA cancer types. 

Log2 (normalized count [transcript per million; TPM]) of HSP90AA1 and YWHAG were retrieved from 

21 TCGA tumor types, including adrenocortical carcinoma (ACC), breast invasive carcinoma (BRCA), 

cervical squamous cell carcinoma and endocervical adenocarcinoma (CECS), cholangio carcinoma 

(CHOL), lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), esophageal carcinoma (ESCA), 

head and neck squamous cell carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC), kidney 

renal papillary cell carcinoma (KIRP), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma 

(LUAD), lung squamous cell carcinoma (LUSC), pancreatic adenocarcinoma (PAAD), prostate 

adenocarcinoma (PRAD), rectum adenocarcinoma (READ), skin cutaneous melanoma (SKCM), 

stomach adenocarcinoma (STAD), testicular germ cell tumors (TGCT), thymoma (THYM), and uterine 

carcinosarcoma (UCS).   
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Figure S2. YWHAG deficiency delays DMOG- and TGF-β-induced EMT in cancer cells. 

(A, D) Representative brightfield images (A) and Euclidean distance (A, D) of untreated, DMOG (0.5 

mM)- and TGF-β1 (10 ng/mL)-treated MKN74 and MKN74siYWHAG cells. Scale bar = 100 M. 

(B-C) qPCR (top) and immunoblots (bottom) of epithelial and mesenchymal markers in MCF7 and 

MCF7siYWHAG (B) and HepG2 and HepG2siYWHAG (C) cells during EMT induced by DMOG or TGF-β. The 

blue dotted line represents the relative expression of untreated cells. 

(E) Heatmaps and Gene Ontology analysis of DEGs revealed functional changes in MKN74 and 

MKN74siYWHAG cells during EMT induced by DMOG or TGF-β1. 

Data, wherever applicable, are represented as the mean ± SD from at least three independent 

experiments. ***p < 0.001, **p < 0.01, *p < 0.05 and n.s. denotes not significant (Mann‒Whitney U test). 
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Figure S3. YWHAG knockdown efficiency and specificity in cancer cells. 

(A) Relative fold change in YWHAG mRNA levels in wild-type MKN74, MCF7 and HepG2 cells, as well 

as untreated, DMOG- or TGF-β-treated YWHAG-knockdown cells (MKN74siYWHAG, MCF7siYWHAG and 

HepG2siYWHAG) at 48 h after siRNA transfection. TBP and 18S were used as housekeeping genes. 

(B) Representative immunoblots of 14-3-3 family members in wild-type and YWHAG-knockdown cancer 

cells. The β-tubulin protein was used as a loading and transfer control from the same samples. 
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Figure S4. YWHAG knockdown ceases active EMT in MKN74. 

(A) Schematic diagram of the experimental setup to study the effect of YWHAG knockdown in MKN74 

undergoing active EMT. EMT was induced using DMOG (0.5 mM) or TGF-β1 (10 ng/mL) for 24 h. 

Successful EMT was confirmed by the upregulation of mesenchymal-associated genes and 

downregulation of epithelial genes. After 24 h of EMT induction, the cells were transfected with 10 nM 

siYWHAG and maintained for another 24 h to examine the effect of YWHAG knockdown on 

mesenchymal and epithelial gene expression. Three control groups were carried out concurrently, 

including untreated cells, EMT cells, and MKN74siYWHAG at 0 h.  

(B-C) Representative brightfield images (C) and Euclidean distance (D) of untreated, DMOG- and TGF-

β1-treated MKN74 and MKN74siYWHAG transfected at 0 h or 24 h. Scale bar = 100 M. 

(D) Gene expression of epithelial and mesenchymal markers in DMOG- or TGF-β-induced EMT in 

MKN74 (left), MKN74siYWHAG transfected at 0 h (mid) and MKN74siYWHAG transfected at 24 h (right). The 

blue dotted line represents the relative expression of untreated cells. TBP and 18S were used as 

housekeeping genes for qPCR.  

Data, wherever applicable, are represented as the mean ± SD from at least three independent 

experiments. ***p < 0.001, **p < 0.01, *p < 0.05 and n.s. denotes not significant (Mann‒Whitney U test). 
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Figure S5. Effects of YWHAE and YWHAH knockdown on EMT. 

(A, C) Representative immunoblots of seven 14-3-3 isoforms in YWHAE-knockdown (denoted as 

MKN74siYWHAE, MCF7siYWHAE and HepG2siYWHAE) (A) and YWHAH-knockdown (denoted MKN74siYWHAH, 

MCF7siYWHAH and HepG2siYWHAH) (C) MKN74, MCF7 and HepG2 cells. The β-tubulin protein served as 

a loading and transfer control for immunoblot analysis from the same samples. 

(B, D) Relative mRNA (top) and protein (bottom) levels of EMT markers in DMOG- and TGF-β-treated 

MKN74siYWHAE, MCF7siYWHAE and HepG2siYWHAE cells (B) and MKN74siYWHAH, MCF7siYWHAH and 

HepG2siYWHAH cells (D). 

Data, wherever applicable, are represented as the mean  SD from at least three independent 

experiments. ***p < 0.001, **p < 0.01, *p < 0.05 and n.s. denotes not significant (Mann‒Whitney U test). 
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Figure S6. High YWHAG is a common feature in many tumor types. 

(A-D) Tumor type (red) which showed statistically significant higher YWHAG mRNA level (A, C) or 

which did not show significant differences (B, D) compared with cognate normal tissues (in gray) 

obtained from TCGA (A, B) and GENT2 (C, D) databases. TPM denotes transcripts per million. Values 

below the box-whisker plots represent the number of patients from whom the tumour samples were 

derived. * p<0.01. n.s. denotes no significance. 
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Figure S7. Interpretation of the kinase inhibitor screen during EMT of MKN74 cells 

(A) Schematic diagram of the kinase inhibitor screens in MKN74 and MKN74siYWHAG cells during EMT 

induction by DMOG or TGF-β. Illustration included the possible correlation between YWHAG 

dependency and the outcomes on migratory distance (EMT progression, EMT inhibition or no change). 

(B) Illustration of Euclidean distances between multivariate centroids of the cell populations at 0 h and 

48 h in MKN74 and MKN74siYWHAG cells treated with EMT inducters and kinase inhibitors. 

(C) Schematic diagram of the calculation and classification of kinase inhibitors in the screens. For every 

kinase inhibitor, the average Euclidean distance, which was measured every 4 h for 48 h after EMT 

induction, was considered the migratory distance. The log fold change in migratory distance between 

treated (with kinase inhibitor) and DMSO-treated MKN74 cells was calculated, and the temporal 

changes were plotted. The AUC, which reflects the overall effect of kinase inhibitors on EMT, was 

determined and compared between wild-type MKN74 and MKN74siYWHAG cells. Kinase inhibitors were 

classified into EMT activators on YWHAG-dependent kinases or EMT inhibitors on YWHAG-

dependent/independent kinases based on the similarity/difference in AUC between genotypes. 

Examples of temporal changes in the log fold change of migratory distance for each classification are 

shown. 
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Figure S8. Protein‒protein interactomes of 14-3-3 family members. 

(A) Table shows the number of interacting proteins with the different isoforms of 14-3-3 isoforms derived 

from the BioPlex Interactome database. 

(B) Venn diagrams showing common interacting proteins among the different 14-3-3 isoforms. The 

number of interactomes for each 14-3-3 isoform is indicated in parentheses. 

(C) Gene ontologies of the interactomes of 14-3-3. The size and color in circle correspond to relative 

number of interacting proteins in the gene ontologies of the same color.  
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Figure S9. YWHAG deficiency induces oxidative stress in MCF7 cells. 

(A) Intracellular ROS profiles of MKN74 and MCF7 transfected with different concentrations of 

siYWHAG (0, 10 nM and 100 nM) with or without the co-treatment of EMT inducers, DMOG- and TGF-

β. 

(B) Graph showing the kinetics of intracellular ROS (left) and cell viability (right) in untreated, DMOG- 

and TGF-β-treated MCF7, MCF7siYWHAG, MCF7siYWHAG (10nM) and MCF7siYWHAG (100nM) cells over a 

period of 48 h at 8-h intervals. 

(C-D) Relative mRNA and protein expression of oxidative stress markers in MCF7 cells treated with 

DMOG and TGF-β. TBP and 18S were used as housekeeping genes for qPCR. The blue dotted line 

represents the relative expression of untreated cells. 

(E) Relative mRNA expression of oxidative stress markers in MCF7siYWHAG (10nM) and MCF7siYWHAG 

(100nM) cells. 

In (C) and (E), the blue dotted lines represent the relative expression of untreated cells. Data are 

represented as the mean±SD from at least three independent experiments. ***p < 0.001, **p < 0.01, *p 

< 0.05 and n.s. denotes not significant (Mann‒Whitney U test).  
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Figure S10. YWHAG deficiency in HaCaT cells. 

(A) Relative fold change in YWHAG mRNA levels in HaCaT and HaCaTsiYWHAG cells. 

(B) Immunoblot analysis of 14-3-3γ and the other 14-3-3 isoforms in HaCaT and HaCaTsiYWHAG cells. 

(C) Apoptosis assay by flow cytometry using Annexin V-FITC and PI double staining in HaCaT and 

HaCaTsiYWHAG cells. 

(D) Cell viability of HaCaT and HaCaTsiYWHAG cells over a period of 48 h at 8-hour intervals. 

Data, wherever applicable, are represented as the mean  SD from at least three independent 

experiments. ***p < 0.001, **p < 0.01, *p < 0.05 and n.s. denotes not significant (Mann‒Whitney U test). 
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Figure S11. Rapamycin-induced autophagy stimulates EMT in MCF7siYWHAG cells. 

(A) Relative fold change in mRNA levels (top) and immunoblot analysis (bottom) of autophagy markers 

(ATG5, Beclin, LC3, SQSTM1) in MKN74 cells treated with DMOG and TGF-β. 

(B-D) Relative fold change in the mRNA (top) and protein (bottom) levels of autophagic (B), oxidative 

(C), and EMT (D) markers and YWHAG in untreated and rapamycin-treated MCF7siYWHAG cells during 

DMOG- or TGF-β-induced EMT. 

(E) Cell‒cell Euclidean distance of MCF7 and MCF7siYWHAG cells challenged with rapamycin during 

DMOG- or TGF-β-induced EMT. 

(F) Percentage of viable MCF7 and MCF7siYWHAG cells given rapamycin or chloroquine during DMOG- 

or TGF-β-induced EMT over 48 h at 8-h intervals. 

In (A) to (D), the blue dotted lines represent the relative expression of untreated cells. Data are 

represented as the mean±SD from at least three independent experiments. ***p < 0.001, **p < 0.01, *p 

< 0.05 and n.s. denotes not significant (Mann‒Whitney U test). 
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Figure S12. Rapamycin-induced autophagy stimulates EMT in HepG2siYWHAG cells. 

(A) Relative fold change in mRNA levels (top) and immunoblot analysis (bottom) of autophagy markers 

(ATG5, Beclin, LC3, SQSTM1) in HepG2 cells treated with DMOG and TGF-β. 

(B-C) Relative fold change in the mRNA (top) and protein (bottom) levels of autophagic (B) and EMT 

(C) markers and YWHAG in untreated and rapamycin-treated HepG2siYWHAG cells during DMOG- or 

TGF-β-induced EMT. 

(D) Cell‒cell Euclidean distance of HepG2 and HepG2siYWHAG cells challenged with rapamycin during 

DMOG- or TGF-β-induced EMT. 

(E) Percentage of viable HepG2 and HepG2siYWHAG cells given rapamycin or chloroquine during DMOG- 

or TGF-β-induced EMT over 48 h at 8-h intervals. 

In (A) to (C), the blue dotted lines represent the relative expression of untreated cells. Data are 

represented as the mean±SD from at least three independent experiments. ***p < 0.001, **p < 0.01, *p 

< 0.05 and n.s. denotes not significant (Mann‒Whitney U test). 
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Figure S13. Expression of YWHAG and selected autophagic markers in human tumours. 

Relative fold change in mRNA (top) and protein (bottom) of autophagy markers and YWHAG in breast, 

colorectal, gastric, and head and neck tissues at various tumour stages (stages I, II and III; metastatic 

M). TBP and 18S were used as housekeeping genes for RT‒PCR. Representative immunoblots are 

shown. β-tubulin was used as a loading and transfer control for immunoblot analysis from the same 

samples. 


